
BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE 
APPLICATION BY CROWN 
RIDGE WIND, LLC FOR A 
PERMIT OF A WIND ENERGY 
FACILITY IN GRANT AND 
CODINGTON COUNTIES 

EL 19-003 

REPLY BRIEF OF 
INTERVENORSTOSECOND 
MOTION AND MOTION TO 
TAKE JUDICIAL NOTICE 

Intervenors respectfully submit this Reply Brief in Support of Intervenors' Second 

Motion to Deny and Dismiss, and Motion to Take Judicial Notice, by and through the undersigned 

counsel. 

I. Background and Introduction 

1. The Intervenors respectfully submit this Reply Brief in support of Intervenors' 

Second Motion to Deny and Dismiss, and in reply to the Response of Applicant to lntervenors' 

Second Motion to Deny and Dismiss. Reference in this Brief to "Intervenors" refers to those 

lntervenors named and identified in the Notice of Appearance of David L Ganje dated and filed in 

the case on April 16th, 2019. Reference to "Applicant" or "CRW" is a reference to the named 

wind energy facility applicant in the above entitled proceedings ELI 9-003. Reference to 

"Application" is a reference to the filed application of the Applicant in the above entitled 

proceedings. Reference to "Project" is a reference to the Applicant' s proposed wind energy 
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facility. Reference to "Page" numbers in the Brief is a citation to page numbers found in the filed 

Application. References to "Commission" or "PUC" are references to the South Dakota Public 

Utilities Commission. Reference to "law" is a reference to statutory law, administrative rules, or 

case law. Applicant filed the above entitled Application in ELI 9-003 on January 30th, 2019. That 

date is an important date for the Commission to consider when ruling on Intervenor's Motion to 

Deny and Dismiss. At the time of filing this Motion the Project application procedure is 

substantially and substantively well underway. 

2. The Applicant has failed to follow the law. The Application should be dismissed 

and denied under the facts, circumstances and law provided in this Motion. The Applicant, among 

other errors at law, failed to file an application generally in the form and content required by South 

Dakota law and rules related to a proposed permit for a wind energy facility. SDCL § 49-41 B-13 

("An application may be denied ... at the discretion of the [PUC] for ... [f]ailure to file an 

application generally in the form and content required by this chapter and the rules promulgated 

thereunder.") Fair notice and the requirements of timely disclosure should not allow an applicant 

to leave open the possibility that applicant might later establish required facts, impacts, or project 

analysis to comply with State-created directives for the original content of an application. The 

Application is the window through which the Intervenors may look at the proposed Project. Three 

preliminary things are mandated by South Dakota law: the form of the application, the content of 

the application, and the compliance of the application with state law. SDCL § 49-41B-13(2). 

3. An application for a wind energy facility must provide disclosures. SDCL § 49-

41B; ARSD § 20:10:22. Specifically, under 49-41B-13(2): "An application may be denied, 

returned, or amended at the discretion of the Public Utilities Commission for: ... Failure to file 

an application generally in the form and content required by this chapter and lhe rules 
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promulgated thereunder." The plain meaning of the rules requires that Applicant demonstrate 

compliance, that is disclosure and explanation, with each of the factors found in SDCL § 49-41B 

and ARSD § 20:10:22. Otherwise, the purpose of requiring that a wind energy facility permit 

application include an express description of any information is meaningless. 

II. Factual Background 

4. On January 29, 2019, Applicant submitted that Mr. Massey and Mr. Wilhelm had 

"coordinated with landowners" regarding turbines and collector line locations. Direct Testimony 

and Exhibits of Tyler Wilhelm and Sam Massey 1 11.12 - 14 (Jan. 29, 2019)~ Id. at 6 II. 4 - 8 (Jan. 

29, 2019) ("Development activities for the Project commenced in 2008. Over the past 10 years 

the CR W has been actively engaging stakeholders by working closely with landowners. tribal and 

local governments, and federal and state agencies to design the Project. Stakeholders have been 

approached directly to address concerns with the proposed siting and placement of the Project's 

infrastructure."). Applicant had not coordinated with the Thompsons. Thompson Affidavit 

(emphasis added); Wilhelm Affidavit (filed May 23, 2019). CRW does not deny this. 

5. No one from NextEra or Crowned Ridge (including Mr. Wilhelm and Mr. Massey) 

engaged with or directly approached the Thompsons in 2017, 2018, or 2019. Wilhelm Affidavit at 

,i,i 2-3. 

6. Mr. Wilhelm "asked the land team to contact" Cheryl Thompson in February 2019. 

Wilhelm Affidavit ,i 3. There is no indication that the land team contacted her. Wilhelm Affidavit 

ii 3-4. 

7. On the same day, March 5, 2019, James Thompson emailed Mr. Wilhelm to alert 

him to the fact that official CRW Project maps were wrong in that they showed the Thompsons as 

participants when they were not. ("I was reviewing your windmill planning map and it appears to 
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not be accurate, can you help clarify? ... the map erroneously indicates that our family farm . .. 

is under a lease agreement for wind dev. This is not accurate. Secondly, the map currently shows 

a dashed line indicating plans for a collection line dissecting our property (via the creek). This is 

also not true. No agreement/lease/pass through access has been authorized by us, our family. Please 

advise, thanks.") Mr. Wilhelm did not respond in writing. Wilhelm Affidavit 19. 

8. On March 19, 2019, the day before the Commission Public Input Hearing, James 

Thompson wrote to Tyler Wilhelm to request a follow-up. He noted that the official map continued 

to indicate the Thompson properties in the Project Site and he shared that the Thompsons would 

not be present at the hearing to defend their rights; therefore, he requested " immediate attention" 

to the mapping error implicating their family farm because the hearing was the next day and "the 

remaining steps to begin executing the project are wrapping up in April." Wilhelm Attachment at 

3. A clear indication was made that no agreement had been made, official maps submitted to the 

PUC were wrong, and the Thompsons were eager to know that revisions to the maps would be 

made forthwith. Affidavit ,r 9; Wilhelm Attachment 3. 

9. On March 19, Mr. Wilhelm emailed John and James Thompson to confirm that the 

maps were not correct and that they were currently being revised to show that the Thompsons were 

not participants in the Project. Wilhelm Attachment 3 at I. Mr. Wilhelm noted that his intention 

in writing the letter was to "provide[] piece of mind" to the Thompsons. Wilhelm Attachment 3 at 

2. 

10. In the same communication, Mr. Wilhelm wrote that if the Thompsons did want to 

participate in the Project in the future, they would have to positively communicate as much to 

CRW only after they "FIRST consider" a right of entry agreement, a wind farm easement 

agreement, and a collection easement. Wilhelm Attachment 3 at 1. 
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11. Therefore, even if it was Mr. Wilhelm's "understanding that the Thompsons were 

interested in continuing to discuss the potential to participate," the fact is that a land status change 

affecting the Thompson's participation was confirmed for Mr. Wilhelm on March 19, 2019. 

Wilhelm Attachment 3 ("After further due diligence, our team was able to confirm that there was 

a mapping error and that the Thompson properties are not contracted ... the Project Site plan is 

not accurate .. . Site Plan revisions are in process now to relocate the underground collection off 

of the property.") (emphasis added). 

12. Nonetheless, on March 20, 2019, Mr. Wilhelm told Commissioner Nelson "that 

there had been no land status changes from the map filed on February 7, 20 l 9." Affidavit ,i l 0. 

Mr. Wilhelm simply said: "No, sir" in response to Commissioner Nelson's question. Transcript of 

Proceedings Condensed 81 II. 2-6 (Mar. 20, 2019). He provided absolutely no indication that 

properties on the official Project Site map submitted February 7, 2019, were not actually part of 

the Project. Affidavit 1 10. 

13. At the same hearing, Mr. Wilhelm testified: "Crowned Ridge Wind has completed 

the necessary field surveys and micrositing of project infrastructure and adopted changes to the 

project site plan to ensure compliance with [] newly codified codes. Land easements have been 

obtained for 99 percent of the project's proposed infrastructure." Transcript of Proceedings 

Condensed 11 IL 13-18 (Mar. 20, 2019). 

14. On April 4, 2019, Russell Lloyd wrote to John and James Thompson for the first 

time since March 6, 2019, to request a phone call ("John/James, Can either of you give me a quick 

shout? - Russ Lloyd"). John Thompson replied they were not busy and asked for the subject matter 

of the call. Mr. Lloyd simply repeated his request for a phone call . 
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15. Even though Mr. Wilhelm told the Thompsons on March 19, 2019, that Site Plan 

revisions were in process at that time to relocate the underground collector off of the property (see 

above ,f 1 1 ), Mr. Wilhelm claims that he "started working with the Crowned Ridge Wind team to 

analyze where the proposed underground collection could be relocated off of the Thompson's 

property" on April 4, 2019, "the same day" John Thompson wrote to Russell Lloyd "I don' t think 

we are interested and are busy. What did you need?" Wilhelm Affidavit ,r 11; Wilhelm Attachment 

4 at 1. 

16. No further communication was had until May 9, 2019, when John Thompson 

submitted an Affidavit to the PUC in these proceedings. Thompson Affidavit and Correspondence 

at 1 ("[NextEra] offered us a lease and we declined. They then told us they could not proceed 

without our Permission, and they would update the information and maps to show we were not 

participators. It has come to our attention that those maps have not been changed, nor has the 

Public Uti lities Commission been informed of the error in the map or the lack of our 

participation.") 

17. On May 17, 2019, Intervenors submitted the Second Motion to Deny and Dismiss 

the Application. 

18. On May 23, 2019, for the first time since filing its Application, Applicant submitted 

an updated parcel map. The map now shows that the Thompson property is inside the Project 

Boundary, though the color of the parcel has been changed from green to clear to indicate that the 

parcel is within the Project Boundary, that no lease agreement has been signed, and no lease is 

"pending approval." Revised Figure 3: Project Map (May 23, 2019). 

19. Despite testifying that " land easements have been obtained for 99 percent of the 

project' s proposed infrastructure" on March 20, 2019, Mr. Wilhelm submits that on April 4, 2019, 
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he found "six easement options had expired, and, therefore, the updated map shows those 

properties as pending rather than as participating." Wilhelm Affidavit 111. There is no statement 

about when these leases will be obtained or whether the property owners are aware that they are 

in negotiations with CR W over expired leases. There is no explanation for why the Thompson 

easement matter and the other leases with pending expiration dates were not disclosed sooner. 1 

20. The Commission and the Intervenors are now only learning of Applicant's grave 

leasing and easement shortcomings because of Intervenors' filed Second Motion, which forced 

Applicant to create a response in its attempt to explain Applicant's failure to disclose. And in the 

response of Applicant we now learn of substantive, material, and inexcusable further examples of 

missing easements and non-existent agreements. Applicant's Response to Intervenor's Second 

Data Request§§ 2- l - 2-3. None were disclosed to the Commission and Intervenors until May 23 

and 24, 2019. 

21. On May IO, 2019, Intervenors filed the Affidavit of John Thompson and 

Correspondence with the Commission. It is available as part of the Pre-filed Testimonies and 

Exhibits; Supplemental Testimonies and Exhibits and Rebuttal Testimonies and J,;xhibits, which is 

part of the official EL 19-003 docket, In the Matter of the Application by Crowned Ridge Wind, 

LLC for a Permit of a Wind Energy Facility in Grant and Codington Counties, as are many other 

documents cited in Motions, Replies, and Responses in EL 19-003. 

22. The Affidavit of Lynch and references to the docketed testimony of Thompson are 

relevant, material, and not hearsay. Does the Lynch Affidavit address the issues raised in the 

Intervenor' s Second Motion? Yes. Are there facts from the Commission' s records and documents 

1 rt will also be observed from Applicant's latest submitted project map 3a2, concerning real estate identified as the 
Papio parcel, that a necessary collector line agreement accessing 18 proposed turbines in the northwest portion of 
the proposed Project is not legally established. 
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identified in the Affidavit to support the Motion? Yes. The Commission may take judicial notice 

and consider written, sworn testimony filed by Intervenors which were included in the docket on 

May 10, 2019. The Applicant's Response and Affidavit opposing the Second Motion to Deny and 

Dismiss admit the facts found in the testimony of Mr. Thompson filed by the Intervenors on May 

10, 2019, and admit that those recited in the Lynch Affidavit in these proceedings are true. 

23. The Applicant does not deny the facts. First, the issue of noncompliance with the 

continuing disclosure requirements of the siting rules are admitted in the Affidavit of Mr. Wilhelm. 

See above 11 1-17. And, further, Applicant's failure to comply is the very reason Mr. Wilhelm 

goes through word machinations to attempt to justify why the Applicant mislead the Intervenors 

and the Commission while acting in bad faith in thls matter. 

24. The assertion that Applicant "may" readjust the collector line based on pending 

easements, at this late date, is not made in good faith, nor it does provide the type of factual 

infonnation necessary to support pennitting the siting of a wind farm. The same is true for 

Applicant's statement that it "may" have a different collector line location for 25 turbines with a 

new landowner. Neither assertion discloses to the PUC or public that Applicant actually has the 

legal property rights it needs, or what configuration the Project will take- infonnation which is 

essential to the PUC, the Intervenors, and community to determine whether laws have been 

followed and health and safety protections are firmly in place. There is no viable Application at 

this date. 

25. Easement agreement statuses disclosed on May 23, 2019, were not previously 

disclosed. The list of recently submitted pending, unapproved landowner agreements is 

completely different than the list submitted with the original Application with the updated map. 
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However, no description for an alternative project is available to explain the considerable revisions 

to the map. Applicant has provided only that: 

Landowner support of the project has been present for over 10 years and is showcased by 
the Applicant's ability to obtain the necessary wind leases to adequately host the Project. 
Many of the Project's landowners have been wind lease holders since development 
commenced in 2006 and elected to renew their leases multiple times over the course of 
development. Within the approximately 53, 186-acre Project Area leases have been 
obtained for 374 parcels totaling approximately 45,935 acres of land or approximately 
99% of the total Project Area. 

CRWind Application§ 7.1. 

26. Moreover, Applicant has consistently and persistently changed the dates of when it 

would have complete landowner agreements in place and in reports to PUC Staff. Applicant's 

response to Staffs first data request. (Question 1-12): March 31, 2019; Applicant' s response to 

Staffs second data request. (Question 2-41 ): March 31 , 2019; Applicant's response to Staffs 

third data request. (Question 3-1): May 17, 2019; Applicant's response to Staffs fifth data 

request. (Question 5-4): June 20, 2019 The constant changes clearly show that the Application 

was not complete when it was initially submitted and is still not complete. Assertions in the most 

recent submission that Applicant "may" complete its responsibilities at some point in the future do 

not serve to complete the Application. Thus, the Application is not in a form that can be 

understood, much less approved. If the Commission goes forward at this late date with the 

incomplete Application, it would be a failure of the due processes of law as well as a failure to 

comply with statute and siting rules. 

27. The Applicant knew at the time of filing the Application on Jan. 30, 2019. The 

Affidavit of Wilhelm does not deny this fact. The Applicant knew at the time of filing an updated 

official landowner map on Feb. 7, 2019. The Affidavit of Wilhelm does not deny this fact. The 

Applicant knew at the time of filing updated maps on Feb. 19, 2019. The Affidavit of Wilhelm 
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does not deny this fact. The Applicant knew at the time of filing for a CUP permit with Grant 

County on Feb. 18, 2019. The Affidavit of Wilhelm does not deny this fact. The Applicant knew 

at the time of filing an amended application for a CUP permit with Grant County on Mar. 15, 2019. 

The Affidavit of Wilhelm does not deny this fact. The Applicant knew at the time Applicant made 

representations to the Commission on Mar. 20, 2019. The Affidavit of Wilhelm does not deny this 

fact. The Applicant knew at the time Applicant submitted responses to Intervenors' Data Requests 

on Mar. 22, 2019. The Affidavit of Wilhelm does not deny this fact. The Applicant knew at the 

time Applicant submitted supplemental testimony to the PUC on Apr. 9, 2019. The Affidavit of 

Wilhelm does not deny this fact. And the Applicant knew thereafter-<luring all these times 

Applicant knew, but failed to disclose, that an important, relevant, and material easement 

agreement with the Thompsons did not exist. The Affidavit of Wilhelm does not deny this fact. 

28. As of May 23, 2019, Applicant still has not disclosed all information regarding 

property rights or easements necessary to support underground collection and temporary 

construction access, underground collection, and to support alternate turbine locations and 

associated facilities, as they still do not exist-five months after Applicant first requested the 

permit and two weeks before an evidentiary hearing on the matter of the Application. 

29. Applicant proposes to begin major construction activities for the proposed Project 

in August 2019. CR Wind Application§ 13.3.2.1. 

III. The Application is Still Incomplete and Should be Denied and Dismissed 

30. SDCL § 49-41B-l l sets out the requirements of an application for a wind facility 

permit. lt specifies, in pertinent part: "All applications for a permit shall be filed with the Public 

Utilities Commission not less than six months prior to the planned date of commencement of 

construction of a facility in such form as prescribed by rules." The initial application must contain, 
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among other things, a "[d]escription of the nature and location of the facility." SDCL § 49-41B-

11 (2). When an application is filed "pursuant to SDCL 49-41 B-11, an applicant shall also file all 

data, exhibits, and related testimony which the applicant intends to submit in support of its 

application." ARSD 20: I 0:22:39. In this case, construction is set to being August 2019. It is May, 

almost June 2019. 

31. It is an applicant's duty to verify the truth and accuracy of its initial application, 

which is "a continuing application, and the applicant must immediately notify the commission of 

any changes of facts or applicable law materially ajfecling !he application. This duty continues up 

to and includes the date on which the permit is issued or denied." 20:10:22:04(5). Black's Law 

Dictionary defines material as: "Important; more or less necessary; having influence or effect; 

going to the merits; having to do with matter, as distinguished from form .... Evidence offered in 

a cause ... is material when it is relevant and goes to the substantial matters in dispute, or has a 

legitimate and effective influence or bearing on the decision of the case." BLACK'S LA w 

DICTIONARY (2nd ed.; n.d.), https://thelawdictionary.org/material/. In this proceeding, Applicant 

seeks to place the burden of proof on lntervenors, and in so doing admits failing to follow its 

continuing duty to update the application, immediately, under the law. See Response to 

Intervenors ' Second Motion to Deny and Dismiss ~ 5 ("Intervenors first set of discovery did not 

request an update to Map. [sic] 3. [nstead, it was Staff in its Data Request 5-5 served on May 

13,2019 that first requested an updated Map 3."). lntervenors are not obligated to request updates; 

Applicant is obligated to provide updates, immediately, by Rule. 

32. The missing information is important, necessary, relevant, and goes to substantial 

matters in dispute; it also has a legitimate and effective influence on the Commission's decision. 

Indeed, the fact that the Thompsons were never participating required Applicant to update its 
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project and map, a task which took a month-and-a-half, and which revealed that Applicant had 

failed to complete due diligence previous to submitting its initial application, two updates, and 

numerous supplements. Id. at ,i 4. It was not until April that Applicant claims it discovered six 

expired easements, five months after submitting its initial application. Id. at iJ8; Thompson 

Affidavit and Correspondence at 1. 

33. Under SDCL § 49-41B-25, the Commission is required to render a decision within 

six months ofreceiving an initial application for a permit to construct a wind energy facility, which 

must contain "complete findings" including a finding that "the construction of the facility meets 

all requirements of this chapter." In order to make such a finding, Applicant must provide up-to

date information, including: "An evaluation of alternative sites considered by the applicant for the 

facility." ARSD § 20:10:22:12(2). 

34. Applicant has, to date, not provided an evaluation of alternate sites considered. 

Weak assertions that it was not aware of expired easements and wanted to ensure that it completed 

its due diligence, in May 2019, after failing to correct or update information in the Application for 

five months, are not adequate and do not serve to complete the Application. 

IV. This Proceeding Denies Intervenors Due Process of Law 

35. Pursuant to SDCL § 49-41B-5.2, an applicant is required "to notify, in writing, the 

owner of record of any land that is located within one-half mile of the proposed site where the 

facility is to be constructed. The notice is to contain a description of the location of the facility, 

and "the second published notice shall be made no later than twenty days prior to the date of the 

public hearing." The PUC and public had a right to a complete application before the public 

hearing, in order to determine whether they should attend the hearing or intervene. In this case, it 

was not possible for Applicant to provide the notice required given that the proposed Project Site 
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plan was not yet final twenty days before the public hearing, March 20, 2019, and is still not final 

to date. See Response to Intervenors Second Motion to Deny and Dismiss 3 1 4 ("CR W completed 

the updating of the CRW Maps 18 days prior to the start of the evidentiary hearing on June 11, 

2019. Therefore, CRW updating of the CRW Maps was timely."). Despite unsupported assertions 

to contrary, submitting the "final" Project map, which indicates unresolved easement matters, two 

months after the public hearing is not timely and does not comport with timelines set forth in the 

law. This proceeding denies Intervenors due process of law. 

36. Parties cannot benefit from the opportunity to appear, present evidence, cross 

examine the other parties' witnesses, and exercise the other rights afforded under SDCL Chapters 

1-26, 49-1, 49-41B, and ARSD Chapters 20:10:01 and 20:10:22, if Applicant refuses to finish its 

Application. See Order for and Notice of Evidentiary Hearing 2. Filing a "still pending" map on 

May 23, 2019, is a violation of Intervenors' due process rights. It is also a violation of SDCL 

Chapters 1-26, 49-1 , 49-41 B, and ARSD Chapters 20: 10:01 and 20: 10:22. 

37. Despite Applicant's inability to gain instruction from In Application of Midwest 

Sec. Tramfer, Inc. , the fact remains: the case stands for the proposition that procedure adopted by 

an agency pursuant to the Administrative Procedures Act acquires the force and effect of law. 354 

N. W.2d 728, 730 (S.D. 1984). As previously noted, in rejecting the argument, the Midwest Court 

reiterated that procedure adopted by an agency pursuant to the Administrative Procedures Act 

acquires the force and effect of law, even though it determined the procedure followed by the 

Commission in that case afforded the Intervenor adequate process. Id. (citing Mathews v. Eldridge, 

424 U.S. 319 (1976); Goldberg v. Kelley, 397 U.S. 254 (1970)). 

38. Applicant does not deny that Intervenors and the PUC have a right to a timely 

application that is complete. South Dakota v. US. Dept. of Interior, 787 F.Supp.2d 981, 996. Nor 

does it deny that an agency that affirms an incomplete application precludes an interested party from 
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presenting certain co lorable arguments to the ultimate decision maker. Id. (citing Gerber v. Norton, 

294 F.3d 173, 182-185 (0.C. Cir. 2002) (declining to find harmless error where agency's violation of 

procedural rule prevented plaintiffs from commenting on certain evidence and plaintiffs specified three 

arguments they would have made if provided with the evidence in a timely manner) (citations omitted). 

The nature of the information withheld, the importance of the information relative to the entire file , 

how the information is used, and the additional arguments that would have been available had the 

information been obtained earlier are the grounds upon which the Court will make its decision. Id. 

(citation omitted). In this proceeding, it is difficult to determine the nature of the information withheld 

because it is still not forthcoming. By way of example, even though Applicant responded months ago 

that its land agreements were 99% complete, Applicant now tells the Commission it won't know if it 

has the necessary legal agreements until June 20, 2019. The information has direct bearing on whether 

the Commission should affirm the Application in that it consists of information relating to the Project 

Site configuration, a matter that goes to the heart of whether to permit construction to go forward under 

20: I 0:22 and 49-418. 

39. Applicant does not deny that licensing hearings require notice and opportunity to 

be heard because they are contested cases. Application of Union Carbide Corp., 308 N.W.2d 753, 

756-57 (S.D. 1981) (holding that "contested case," as used in SDCL 1-26-1 (2), means an 

adjudicatory hearing). Nor docs Applicant deny that the constitutional guaranty of due process of 

law applies to administrative proceedings, particularly where such proceedings are specifically 

classified as judicial or quasi-judicial in nature, as in this case. id. (citing 2 Am.Jur.2d 

Administrative Laws 351 (1962)). Applicant does not deny that Mathews v. Eldridge stands for 

the Supreme Court holding that three factors must be considered and balanced when determining 

the constitutional suffic iency of procedures used to deprive an individual of their protected interest 

(the private interest implicated, the risk of an erroneous deprivation and value, if any, of additional 
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procedural safeguards; and the government's interest). And Applicant does not deny that 

Intervenors' property rights are a protected interest, that this is a contested administrative hearing, 

and that lntervenors have been deprived of the truth necessary to analyze and contest the 

Application. The reliance on the final evidentiary hearing to protect lntervenors' due process and 

property rights is misplaced. 

40. In sum, the Applicant is here arguing against its own Application record. The 

Applicant is arguing against the fact that the Affidavit of Mr. Wilhelm and Applicant's Response 

to the Second Motion do not deny the failure of the Applicant to duly and timely advise the 

Commission and the lntervenors of the falsehood it perpetuated since March 19, 2019, until it 

needed to respond to lntervenors' Second Motion. And the Affidavit and records in the PUC 

docket show that Applicant admittedly does not yet have access to the 25 turbines that were to be 

connected with the Thompson connector line. That legal access is not in place. We are short 

weeks away from the hearing on the Application and the Application Project maps do not show 

any legal agreement in place. Such absence of substantial, timely-required information about the 

Project leaves Intervenors without relevant and project-based fundan1entals and is a denial of due 

process of the law. 

V. The Motion to Strike the Thompson Affidavit & Lynch Affidavit Should be Denied 

41. The motion to strike the Thompson Affidavit and Lynch Affidavit should be denied. 

A sworn affidavit found in the proceeding docket of the Commission may be considered by the 

Commission, even if its consideration may contradict other rules of evidence. SDCL 1-26-19. The 

Thompson Affidavit has been filed as testimony in this proceeding. 
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42. Intervenors' filed written testimony including the Thompson Affidavit filed on May 

10, 2019 was filed pursuant to the Commission's Order that Intervenor testimony be filed in this 

proceeding by that date. Under 20: 10:01 :22.06: 

When ordered by the commission in a particular proceeding, testimony and exhibits 
shall be prepared in written form, filed with the commission, and served on all 
parties prior to the commencement of hearing on such dates as the commission 
prescribes by order. The front page of all prefiled testimony shall show the docket 
number, docket name, and name of the witness. 

The Affidavit of Thompson referenced and incorporated in Intervenor's Second Motion was 

prepared in written form, filed with the commission, and served on all parties prior to the 

commencement of the hearing pursuant to the Commission's Order. 

43. Under 19-19-90 I: "To satisfy the requirement of authenticating ... an item of 

evidence, the proponent must produce evidence sufficient to support a finding that the item is what 

the proponent claims it is." Examples include: "Evidence that: A document was recorded or filed 

in a public office as authorized by law." 19-19-90 I (7). The Thompson Affidavit was filed with 

the Public Utilities Commission; it is authentic. 

44. Applicant seeks to strike the Thompson Affidavit, and reference to it in the Motion. 

Yet, Applicant in its Responding Wilhelm Affidavit does not dispute the statements therein. After 

all, they are facts which relate to the immediate parties involved- the who, what, when, where and 

why as between the parties. 

45. Applicant objects to portions of the Lynch Affidavit that reference the previously 

filed Thompson Affidavit. The Thompson Affidavit was duly filed with the Commission as 

testimony and has been filed in the Commission docket since May 10, 2019. Applicant in its 

Response and in Wilhelm's Responsive Affidavit to Intervenor's Second Motion to Deny and 

Dismiss do not deny the facts or allegations of the Thompson Affidavit. In fact, as this Reply Brief 
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shows, Applicant acknowledges the facts and is now attempting to change its assertion that a legal 

easement existed on the Thompson land, which would have allowed Applicant access to 25 

turbines that are part of the proposed Project. These Affidavits are part of the Commission's own 

docket in EL 19-003; therefore, a formal request for judicial notice is unnecessary. However, the 

Commission may properly take judicial notice of its own records. Negrete v. PetSmart Inc., No. 

2: 13-cv-01218-MCE-AC, 2013 WL 4853995, at 1 n2 (E.D. Cal. Sep 9, 2013) ("Defendants request 

that the Court take judicial notice of certain documents submitted in support of Defendants' 

Motion. (ECF No. 6-2.) These documents include Plaintiffs First Amended Class Action 

Complaint and Defendants' Notice of Removal filed in the present case. (Id.) These documents 

are part of the Court's own docket in this matter, and therefore a formal request for judicial notice 

is unnecessary. However, the Court may properly take judicial notice of court records.") 

VI. Motion for Notice to be Taken 

46. While the Commission may take judicial notice on its own in this matter, 

Intervenors request and move that judicial notice be taken of the Thompson Affidavit pursuant to 

pursuant to SDCL § 1-26-19 and SDCL § 19-19-201. SDCL § 19-19-201 provides that a court 

" [m]ust take judicial notice if a party requests it and the court is supplied with the necessary 

information." The Thompson Affidavit is subject to judicial notice. The Commission may take 

judicial notice of pleadings and filings in the proceedings before it. See Owen v. State, 272 Ind. 

122, 129, 396 N.E.2d 376, 381 (1979); Sanders v. State, 782 N.E.2d I 036, 1038 (Ind.Ct.App. 

2003). The Commission may take judicial notice of a fact, or of the contents of the pleadings and 

filings in the case before it, and a rebuttable presumption arises, which requires the opposing 

party to come forward with evidence to dispute. The Applicant has been provided an opportunity 

to rebut and deny the statements in the Thompson Affidavit. The Applicant filed a responsive 
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Affidavit in opposition to Intervenor's Second Motion. Applicant's Affidavit does not dispute the 

facts asserted in the Thompson Affidavit about the absence of a collector easement 

agreement. And equally as important, Applicant does not seek to strike paragraph 14 of the 

Affidavit of Lynch, which states: 

The Applicant knew at the time of filing the Application on Jan. 30, 2019; at the 
time of filing an updated official landowner map on Feb. 7, 2019; at the time of 
filing updated maps on Feb. 19, 2019; at the time of filing for a CUP permit with 
Grant County on Feb. 18, 2019; at the time of filing an amended application for a 
CUP permit with Grant County on Mar. 15, 2019; at the time Applicant made 
representations to the Commission on Mar. 20, 2019; at the time Applicant 
submitted responses to Intervenors' Data Requests on Mar. 22, 2019; at the time 
Applicant submitted supplemental testimony to the PUC on Apr. 9, 2019; and 
thereafter-during all these times Applicant knew, but failed to disclose, that an 
important, relevant, and material easement agreement with the Thompsons did not 
exist. 

VII. Conclusion 

47. Intervenors respectfully move that the PUC deny and dismiss the Application in 

this matter based upon the law, constitutional grounds, and arguments presented in this Reply 

Brief, the Prior Brief, the lntervenors' Affidavits, and this Second Motion to Deny and Dismiss. 

Intervenors further move that the Commission take judicial notice of the filed testimony of 

Thompson filed with the docket on May 10th
, 2019. To allow the Applicant, at this time, to amend 

or add significant and legally required Applicant content requirements, as well as substantive legal 

requirements, because of Applicant' s own failures in filing an Application would misapply the 

purpose of any statute permitting amendment. The Application fails to comply with applicable 

laws and rules. Further, the Applicant is not able to carry its burden of proof, including proving 

that the Project will not pose a threat of serious injury to the environment. Finally, the Application 

fails to comply with required application form and content and fails to comply with South Dakota 

law as well as the rules of the Commission. 
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Dated this ~-q. day of May, 2019 

Isl David L Ganje~~ 

Ganje Law Offices 

17220 N Boswell Blvd Suite 130L, Sun City, AZ 85373 

Web: lexenergy.net 

Phone 605 385 0330 

davidganje@ganjelaw.com 
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

IN THE MA TIER OF THE APPLICATION 
BY CROWNED RIDGE WIND, LLC FOR A 
PERMIT OF A WIND ENERGY FACILITY 
IN GRANT AND CODINGTON COUNTIES 

CERTIFICATE OF SERVICE 

Ms. Patricia Van Gerpen 
Executive Director 

EL 19-003 

South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
patty.vangerpen@state.sd.us 
(605) 773-3201 - voice 

Ms. Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Kristen . edwards@state.sd. us 
(605) 773-3201 - voice 

Ms. Amanda Reiss 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
amanda.reiss@state.sd.us 
(605) 773-3201 - voice 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
mikal.hanson@state.sd.us 
(605) 773-3201 - voice 

Mr. Darren Kearney 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
darren. kearney@state.sd. us 
(605) 773-3201 - voice 

Mr. Jon Thurber 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 

EL19-003 

004861

ADMINISTRATIVE RECORD Page 20 of 69

- Page 35 -



Pierre, SD 57501 
jon.thurber@state.sd.us 
(605) 773-3201 - voice 

Mr. Eric Paulson 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
eric.paulson@state.sd.us 
(605) 773-3201- voice 

Mr. Miles Schumacher - representing Crowned Ridge Wind , LLC 
Lynn, Jackson, Shultz and Lebrun, PC 
101 N. Minnesota Ave., Ste. 400 
Sioux Falls, SD 57104 
mschumacher@lynnjackson.com 
(605) 332-5999 - voice 
(605) 332-4249 - fax 

Mr. Tyler Wilhelm 
Associate Project Manager 
Crowned Ridge Wind, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Tyler. Wilhelm@nexteraenergy.com 
(561) 694-3193- voice 

Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Brian.J.Murphy@nee.com 
(561) 694-3814 -voice 

Ms. Cindy Brugman 
Auditor 
Codington County 
14 First Ave. SE 
Watertown, SD 57201 
cbrugman@codington.org 
(605) 882-6297 - voice 

Ms. Karen Layher 
Auditor 
Grant County 
210 E. Fifth Ave. 
Milbank, SD 57252 
Karen.Layher@state.sd. us 
(605) 432-6711 - voice 

Mr. Allen Robish 
47278 161st St. 
Strandburg, SD 57265 
allen.robish@gmail.com 
(605) 949-2648 - voice 
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Ms. Amber Christenson 
16217 466th Ave. 
Strandburg, SD 57265 
am ber@uniformoutlet.net 
(605) 756-4119 - voice 

Ms. Kristi Mogen 
15160 471st Ave. 
Twin Brook, SD 57269 
silversagehomestead@gmail.com 
(307) 359-2928 - voice 

Ms. Melissa Lynch 
45971 162nd St. 
Watertown, SD 57201 
melissamarie 101 O@yahoo.com 
(605) 520-2450 - voice 

Mr. Patrick Lynch 
45971 162nd St. 
Watertown, SD 57201 
Patrick.Lynch_m@hotmail.com 
(605)265-0326 - voice 

I hereby certify that true and correct copies of the lntervenors' Reply Brief to 

Second Motion to Deny and Dismiss and Motion to Take Judicial Notice was served 

electronically on theag day of May, 2019. 

/s/ David L Ganje 

Ganje Law Offices 

17220 N Boswell Blvd Suite 130L, Sun City, AZ 85373 

Web: lexenergy.net 

Phone 605 385 0330 

davidganje@ganjelaw.com 
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

IN THE MA TIER OF THE APPLICATION 
BY CROWNED RIDGE WIND, LLC FOR A 
PERMIT OF A WIND ENERGY FACILITY 
IN GRANT AND CODINGTON COUNTIES 

CERTIFICATE OF SERVICE 

Ms. Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
patty. vangerpen@state.sd . us 
(605) 773-3201 - voice 

Ms. Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Kristen .edwards@state.sd.us 
(605) 773-3201 - voice 

Ms. Amanda Reiss 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
amanda.reiss@state.sd. us 
(605) 773-3201 - voice 

EL 19-003 

Mr. Miles Schumacher - representing Crowned Ridge Wind, LLC 
Lynn, Jackson, Shultz and Lebrun, PC 
101 N. Minnesota Ave. , Ste. 400 
Sioux Falls, SD 57104 
mschumacher@lynnjackson.com 
(605) 332-5999 - voice 
(605) 332-4249 - fax 

Mr. Tyler Wilhelm 
Associate Project Manager 
Crowned Ridge Wind, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Tyler. Wilhelm@nexteraenergy.com 
(561) 694-3193 -voice 

Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Brian.J.Murphy@nee.com 
(561) 694-3814 -voice 
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Mr. Mika! Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
mikal.hanson@state.sd.us 
(605) 773-3201 - voice 

I hereby certify that true and correct copies of the lntervenors' Data Requests to 
Applicant (fifth set) on the~ day of May, 2019. 

Ganje Law Offices 

17220 N Boswell Blvd Suite 130L, Sun City, AZ 85373 

Web: lexenergy.net 

Phone 605 385 0330 

davidganje@ganjelaw.com 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

AMENDED 
CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Tyler Wilhelm and Sam Massey's 

Rebuttal Testimony Exhibits 1 and 2 inadvertently omitted from the documents served in 

this matter on May 24, 2019, were served electronically to the parties listed below on the 

25th day of May, 2019, addressed to: 

Ms. Patricia Van Gerpen 
Executive Director 
patty.vangerpen@state.sd. us 

Ms. Kristen Edwards 
Staff Attorney 
Kristen.Edwards@state.sd. us 

Ms. Amanda Reiss 
Staff Attorney 
Amanda.reiss@state.sd .us 

Mr. Darren Kearney 
Staff Analyst 
Darren.kearn y(m,state.sd.us 

~ 

Mr. Jon Thurber 
Staff Analyst 
Jon. th urber@state.sd. us 

Mr. Eric Paulson 
Staff Analyst 

ric.paulson@state.sd. u 
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Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
Brian.j.murphy@nee.com 

Mr. Tyler Wilhelm 
Associate Project Manager 
NextEra Energy Resources, LLC 
Tyler. Wilhelm@nexteraenergy.com 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
Mikal.hanson@state.sd. us 

Ms. Cindy Brugman 
Auditor 
Codington County 
cbrugman@cod ington. org 

Ms. Karen Layher 
Auditor 
Grant County 
Karen.Layher@stat ".sd. us 

Mr. David Ganje 
Representing Intervenors Mr. Allen Robish. 
Ms. Amber Christenson, Ms. Kristi Mogen, 
Ms. Melissa Lynch and Mr. Patrick Lynch 
Ganje Law Offices 
davidganje@ganjelaw.com 

es ·. · umacher 
ttorneys for Applicant 

Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 
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EL19-003 
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Executive Director 
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Attorneys for Applicant 
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Staff Analyst 
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Staff Analyst 
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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

_______________________________________                                                                        

 

 

 

 

 

 

 

_______________________________________ 

 

 

* 

* 

* 

* 

* 

* 

* 

* 

 

 

 

                        

 COMES NOW, Staff (Staff) of the South Dakota Public Utilities Commission 

(Commission) and hereby submits its Witness List and Exhibit List in preparation for the 

evidentiary hearing in the above-captioned docket. 

Staff intends to call the following witness: 

 

1. Darren Kearney  

2. David Hessler 

3. Tom Kirschenmann  

4. Paige Olson 

 

In addition, Staff reserves the right to call any witness necessary to rebut testimony or 

evidence presented at the evidentiary hearing.  Staff will also likely file additional exhibits, 

specifically any additional data request responses, when exhibits and lists are due.  However, 

because one of Staff’s witnesses is testifying prior to the evidentiary hearing, we are filing the 

information we have at this time.   

Staff intends to offer the following exhibits.  While this list identifies the witness Staff 

believes will be associated with each exhibit, exhibits may ultimately be utilized by other staff 

witnesses where appropriate. 

Exhibit # Description Witness 

S1 Prefiled Testimony and Exhibits of David Hessler Hessler 

S1a Staff’s Response to Applicant’s First Data Request to Staff Hessler 

STAFF’S WITNESS LIST AND 

EXHIBIT LIST 

EL19-003 

IN THE MATTER OF THE 

APPLICATION BY CROWNED RIDGE 

WIND, LLC FOR A PERMIT OF A 

WIND ENERGY FACILITY IN GRANT 

AND CODINGTON COUNTIES 

 

 
004891

ADMINISTRATIVE RECORD Page 50 of 69

- Page 65 -



S2 Prefiled Testimony and Exhibits of Darren Kearney (Public) Kearney 

S2 

Confidential 

Prefiled Testimony and Exhibits of Darren Kearney 

(Confidential) 

Kearney  

S3 Prefiled Testimony and Exhibits of Tom Kirschenmann Kirschenmann 

S4 Prefiled Testimony of Paige Olson Olson 

S5 Additional Staff Data Requests1 Kearney  

 

Staff reserves the right to introduce additional exhibits necessary to rebut evidence 

presented by any other party in this docket or for impeachment and other legally permissible 

purposes.  All Staff exhibits are or will be available electronically in the docket.   

Dated this 30th day May 2019. 

 

                                                       _ 

       Kristen N. Edwards  

       Attorney for Staff 

 South Dakota Public Utilities Commission 

 500 East Capitol Avenue 

 Pierre, SD 57501 

 
 

                                                           
1 This exhibit will be prefiled at a later date after all discovery responses are received.   
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

DOCKET EL 19-003 

IN THE MATTER OF THE APPLICATION OF CROWNED RIDGE WIND LLC FOR A 
PERMIT OF THE CROWNED RIDGE WIND FARM IN CODINGTON AND GRANT 

COUNTIES, SOUTH DAKOTA 

Direct Testimony of David M Hessler 
On Behalf of the Staff of the South Dakota Public Utilities Commission 

May 10, 2019 

EXHIBIT 
.S-ra. ~~ 
Si. 
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1 
 

Q. Please state your name and business address. 1 

A. My name is David M. Hessler.  The address of my company’s administrative 2 

offices is 38329 Old Mill Way, Ocean View, Delaware 19970, and my personal 3 

office is located at 1012 W Las Colinas Dr., St. George, Utah 84790.   4 

 5 

Q. Mr. Hessler, by whom are you employed and in what capacity? 6 

A. I have been employed for over 28 years by Hessler Associates, Inc., as Vice 7 

President and a Principal Consultant.  Hessler Associates, Inc. is a family run 8 

engineering consulting firm that specializes in the acoustical design and analysis 9 

of power generation and industrial facilities of all kinds, including wind energy 10 

projects. 11 

 12 

Q. Please describe your educational background and your professional 13 

experience? 14 

A. I received a Bachelor of Science degree in Mechanical Engineering in 1997, 15 

Summa cum Laude, from the A. James Clark School of Engineering, University 16 

of Maryland, College Park, Maryland, and a Bachelor of Arts degree, 1982, from 17 

the University of Hartford, Hartford, Connecticut.  I am a registered Professional 18 

Engineer (P.E.) in the Commonwealth of Virginia and I am a member of the 19 

Institute of Noise Control Engineering (INCE).  My professional specialization is 20 

the measurement, analysis, control and prediction of noise from both fossil fueled 21 

and renewable power generation facilities.  I have been the principal acoustical 22 

designer and/or test engineer on hundreds of power station projects all over the 23 
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world and on roughly 70 industrial scale wind energy projects.  I wrote the 1 

chapter on measuring and analyzing wind turbine noise in the book “Wind 2 

Turbine Noise”1, which was published in 2011.  I also drafted a set of best 3 

practices guidelines2 for siting new wind turbine projects and testing them once 4 

completed for the National Association of Regulatory Utility Commissioners 5 

(NARUC).  My resume, which contains a list of the cases where I have testified 6 

as an expert witness, is also attached for reference as Exhibit DMH-1. 7 

 8 

Q. What is the purpose of your testimony in this case? 9 

A. I have been asked by the Staff of the South Dakota Public Utilities Commission 10 

to review and independently evaluate the adequacy of the noise assessment 11 

study carried out by EAPC Wind Energy in support of the Crowned Ridge Wind 12 

Farm Project.   13 

 14 

Q. What materials have you reviewed in this matter? 15 

A. I have reviewed Section 13.3 of the permit application submitted to the Public 16 

Utilities Commission on January 30, 2019 and the underlying sound study dated 17 

January 22, 2019, designated as Appendix H, which was carried out by EAPC 18 

Wind Energy.  In addition, I have reviewed the updated sound modeling, which 19 

takes into account certain changes in participation status, that was subsequently 20 

submitted by EAPC on February 19, 2019.  I have also reviewed the direct 21 

                                                 
1  Bowdler, D., and Leventhall, G., Editors, “Wind Turbine Noise”, Multi-Science Publishing 
Company, Brentwood, Essex, UK, 2011. 
2   Hessler, D., “Assessing Potential Impacts from Proposed Wind Farms & Measuring the 
Performance of Completed Projects”, National Association of Regulatory Utility Commissioners, 
U.S. Department of Energy, October 2011. 
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testimony of Jay Haley, who was author of both the original and updated sound 1 

studies.  Lastly, I have reviewed the proposed noise conditions submitted by the 2 

Intervenors. 3 

 4 

Q. Can you please summarize your overall opinion of the noise analysis study 5 

submitted on behalf of the project? 6 

A. In general, the quality of the work and noise modeling is perfectly satisfactory 7 

and consistent with good industry practice.  I agree with the modeling 8 

methodology and believe that the predictions are realistic, if not somewhat 9 

conservative because an explicit 2 dB uncertainty factor was added to the 10 

maximum turbine sound power level.  However, I would fault the study for 11 

focusing exclusively on regulatory compliance and failing to evaluate or assess 12 

the potential noise impact of the project on the community.  For example, it is 13 

common, but by no means universal, industry practice to perform one or more 14 

baseline sound surveys of the existing conditions within the site area and then 15 

compare the expected project sound levels at residences to this pre-existing 16 

sound level under comparable wind conditions.  The amount by which the project 17 

sound level exceeds the background level generally determines the project’s 18 

perceptibility and potential impact and it is good practice to attempt to minimize 19 

this differential.  A 5 dBA increase above the baseline background level is often 20 

used as an ideal design goal because it limits the prominence and audibility of 21 

the project relative to the natural environmental sound level.  Such a relative, 22 
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ambient-based approach can, and often does, lead to an ideal design target that 1 

is lower than the applicable absolute regulatory limit(s).     2 

 3 

Q. Does that mean you believe a survey should have been done?  4 

A. A survey and a subsequent impact analysis, while not absolutely essential in all 5 

cases, would have demonstrated a concern for the community’s welfare and 6 

acceptance of the project.  Importantly, this approach is often combined with 7 

optimization modeling where turbines are iteratively moved or eliminated early in 8 

the design process when significant changes are still practical in an effort to 9 

minimize the community noise impact and realize the ambient-based design 10 

target, if lower than the regulatory limit.  It is in everyone’s best interest, including 11 

the project owner/operator, to minimize the potential for noise issues irrespective 12 

of any regulatory noise limits. 13 

 14 

Q. Be that as it may, do you believe that the project will at least meet the noise 15 

limits imposed by Codington and Grant Counties?  16 

A. Yes.  The modeling indicates that the Codington County noise limit of 50 dBA at 17 

non-participating property lines will be met and that the Grant County noise limits 18 

of 45 dBA at non-participating residences and 50 dBA at participating residences 19 

will also be met, although without much margin in a number of cases.   20 

    21 
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Q. Do you believe compliance with the Codington and Grant County noise 1 

regulations, in this case, is sufficient in and of itself to ensure that project 2 

noise will be considered acceptable to everyone? 3 

A. No.  Based on my experience, any time wind turbine sound levels higher than 4 

about 40 dBA are predicted at residences I would anticipate complaints - with the 5 

number and severity increasing exponentially as the sound level approaches 50 6 

dBA. 7 

 8 

Q. In Docket EL18-026, you recommended that the Commission include a 9 

noise limit for the Prevailing Wind Park facility at what you consider an 10 

ideal design goal of 40 dBA because there was obvious opposition to the 11 

project and such a level was reasonably, and unusually, achievable with 12 

fairly minor modifications to the project layout.  Do you believe a similar 13 

limit for non-participants near this project is warranted and achievable? 14 

A. After carefully reviewing the updated sound contour plots, I believe a strict permit 15 

condition of 40 dBA at all non-participating residences would be overly onerous 16 

to the project; however, it appears to me, based on my experience doing 17 

optimization modeling for new wind projects, that the sound levels at many of the 18 

closest non-participating residences, currently with sound levels in roughly the 42 19 

to 45 dBA range, could be significantly reduced to the point of nearly achieving 20 

an ideal performance of 40 dBA by relocating a relatively small number of 21 

turbines.  More specifically, I estimate that the sound level at all non-participants 22 

could be reduced to no more than about 41 or 42 dBA if 16 of the primary units 23 
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were relocated to any of the 17 sites currently identified as alternate locations in 1 

Figure 2, titled “Project Map and Facilities”, of Appendix A of the Application. The 2 

16 units that I believe are unduly and unnecessarily affecting non-participating 3 

residences are circled in black in Exhibit DMH-2, which is a mark-up of the latest 4 

sound contour plots. 5 

 6 

Q. So you’re saying that all of the alternate turbine site locations are more 7 

favorably located and further from non-participating properties than the 16 8 

primary units that you have identified in your mark-up? 9 

A. Yes.  Simply utilizing those alternate locations and eliminating the units that are 10 

currently located fairly close to non-participants would substantially reduce the 11 

potential noise impact from the project - presumably without affecting the total 12 

power production or economics of the project. 13 

 14 

Q. Is there a specific permit condition on noise that you would advance for the 15 

Commission’s consideration? 16 

A. Yes.  I think that at a bare minimum the sound emissions from the entire project, 17 

in both counties, should be limited to the Grant County Ordinance level of no 18 

more than 45 dBA at all non-participating residences.  In addition, I believe that 19 

the relocation of the 16 primary units indicated in Exhibit DMH-2 to 16 alternate 20 

sites should be made a precondition of the permit, or the Applicant must provide 21 

the Commission with a satisfactory justification as to why certain units cannot be 22 

moved. 23 
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 1 

Q. You indicated earlier that you have reviewed the noise conditions proposed 2 

by the Intervenors to the project? 3 

A. Yes.  There are four specific requests. 4 

 5 

Q. What is the first request? 6 

A. The first condition asks for a pre-construction sound survey to be carried out by a 7 

third party chosen by the PUC that includes an assessment of infrasound and an 8 

“analysis of non-participating properties, outside and inside the principle 9 

structure.”  10 

 11 

Q. Do you agree with the request for a pre-construction sound survey? 12 

A. No.  I mentioned earlier that I would have had a much more favorable opinion of 13 

the Applicant’s sound study if they had carried out a survey of existing conditions 14 

and used the results to establish an ambient-based design target for the project, 15 

because such an approach would have demonstrated a desire to make project 16 

noise as unobtrusive and acceptable to the community as possible.  That ship 17 

has now sailed. 18 

 19 

Q. What about the infrasound component of the requested survey? 20 

A. The infrasound aspect of the wind turbine noise occurs at a frequency of about 1 21 

Hz, which cannot be measured even with most sophisticated and expensive 22 

frequency analyzers normally used for this type of work.  Consequently, it is not 23 
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practical to test for infrasound as a part of a pre-construction ambient survey.  1 

Even operational infrasound can only be detected with great difficulty using 2 

exotic and highly specialized equipment. 3 

 4 

Q. What about the indoor/outdoor measurements that have been requested? 5 

A. Indoor measurements are never taken in the course of a pre-construction survey 6 

of existing exterior environmental sound conditions, nor would they serve any 7 

real purpose.  This kind of testing only occurs in rare instances, such as in 8 

response to a severe complaint situation at a complainant’s residence. 9 

 10 

Q. What is the second condition proposed by the Intervenors? 11 

A. That the sound emissions from the project be measured “during construction, 12 

operation, maintenance, decommissioning to record the applicant is in 13 

compliance.” 14 

 15 

Q. Do you agree with this condition? 16 

A. For the most part, no.  Construction noise is unavoidable, cannot be easily 17 

controlled to any specific sound level at a given receptor point and is therefore 18 

normally exempted from most ordinances and noise regulations.  Consequently, I 19 

don’t believe construction noise monitoring is warranted, nor would it be practical 20 

to do over a period of months.  Similarly, it would be highly unusual to attempt to 21 

measure the sound emissions from maintenance and decommissioning activities.  22 

I do agree, however, that a sound survey of normal operational sound should be 23 
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carried out if noise from the project generates community complaints to 1 

determine if the project is meeting its permit conditions at the complaint 2 

location(s). 3 

 4 

Q. What is the third noise condition proposed by the project Intervenors? 5 

A. In essence, the third condition would impose a noise limit of 40 dBA L10 on the 6 

project and require annual indoor and outdoor testing at every non-participating 7 

residence within 2 miles of the project footprint.  8 

 9 

Q. Do you agree with this condition? 10 

A. No.  Although I would certainly like to see a sound level of no more than 40 dBA 11 

at every non-participant, I think it will only be reasonably feasible in this case to 12 

get close to that performance – i.e. generally in the 41 to 42 dBA range – after 13 

the turbine relocations I described above.  Complete compliance with a strict 40 14 

dBA limit would require the elimination of a number of units, which I believe 15 

would be disproportionately onerous to the project compared to an essentially 16 

imperceptible decrease in sound level of 1 to 2 dBA.  Moreover, I do not agree 17 

with the L10 statistical measure associated with the 40 dBA limit.  The L10 18 

captures the near-maximum sound level occurring during a given measurement 19 

interval and, in a real-world test situation, would largely quantify contaminating 20 

noise events, such as leaf rustle and traffic noise rather than the underlying, 21 

essentially steady-state, project sound level.  If any particular statistical measure 22 
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must be appended to the allowable sound level, it should be the equivalent 1 

average sound level, or Leq.     2 

 3 

Q. What about the recurring, annual nature of the testing? 4 

A. I do not agree that the project must be tested on an on-going basis.  One test 5 

carefully done under appropriate wind conditions is sufficient to determine if the 6 

project is compliant or not. 7 

 8 

Q. What is the final noise condition proposed by the Intervenors? 9 

A. It is to limit the project’s sound emissions to no more than 40 dBA L10 at all non-10 

participating property lines within 2 miles of the boundary footprint.  11 

 12 

Q. Do you agree with this condition? 13 

A. No.  The point of applicability for any noise limit, whatever the actual level may 14 

be, should be at residences because the most common issue with wind turbine 15 

noise is sleep disturbance. 16 

 17 

Q. Does this conclude your testimony? 18 

A. Yes. 19 
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CURRICULUM VITAE 

DAVID M. HESSLER 

Title: Principal Consultant, Vice-President 
Hessler Associates, Inc. 

Professional Affiliations: Professional Engineer (P.E.), Commonwealth of Virginia 
Member Institute of Noise Control Engineering (INCE) 

Education: Bachelor of Science in Mechanical Engineering (B.S.), 1997 
Summa cum Laude 
A. James Clark School of Engineering
University of Maryland, College Park, MD
Bachelor of Arts (B.A.), 1982 
University of Hartford, Hartford, CT 

Employer: Hessler Associates, Inc. 
38329 Old Mill Way, Unit 8 
Ocean View, DE 19970 
Years in present position:  28 

Office Location:  St. George, UT 
Current Job Description: Acoustical engineer specializing in the prediction, assessment and 

mitigation of environmental noise from new and existing power 
generation and industrial facilities.  Typical tasks include: 
• Field measurement studies of existing ambient sound levels in the

vicinity of proposed project sites
• Computer noise modeling of new facilities prior to construction
• Environmental impact assessments for new projects
• Noise mitigation design studies of new facilities
• Verification measurements of completed facilities
• Diagnostic studies of facilities with existing noise problems
• Design and specification of noise mitigation measures
• Educational lectures on noise issues for private corporations
• Expert witness testimony

General Experience: As an outside consultant to nearly all the major power industry EPC 
contractors, developers and OEM’s, I have been the principal acoustical 
designer of over 400 power plants and industrial facilities worldwide 
ranging from a 3900 MW power station in Saudi Arabia to numerous 
combustion turbine combined cycle plants to refineries and wind turbine 
projects.  Typically, the focus of the work on these projects was to 
anticipate potential noise impacts at sensitive receptors near the project 
and recommend practical noise abatement measures to avoid them.  In 
addition, extensive verification measurements in and around the 
completed power plants and wind farms have been performed to confirm 
that the design recommendations have been successfully executed.   

Exhibit_DMH-1 
Page 1 of 3
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2 

Wind Turbine Experience: Over the past 16 years I have performed noise impact evaluations and 
siting optimization studies for roughly 70 large wind turbine projects in 
the United States, Canada and the Caribbean, involving nearly all current 
makes and models of wind turbines.  I have developed test protocols and 
conducted long-term field measurement surveys of numerous newly 
completed wind projects to evaluate compliance with applicable permit 
conditions, to investigate complaints and/or to verify the accuracy of pre-
construction noise modeling.  I have carried out field tests of wind turbine 
sound power level in strict accordance with the IEC 61400-11 test 
methodology.  I have carried out field measurement studies of operating 
wind turbines to evaluate their low frequency sound emissions, nacelle 
noise sources and radial directivity characteristics.  I have testified as an 
expert witness at permitting hearings for proposed wind projects.  I have 
attended six bi-annual Wind Turbine Noise conferences organized by 
INCE Europe.  

Representative Papers and 
Publications: “Wind Turbine Noise”, Chapter 7 Measuring and Analyzing Wind Turbine 

Sound Levels, Multi-Science Publishing Co., Brentwood, Essex, UK, Jan. 
2012.  Comprehensive book on all aspects of wind turbine noise.  Each 
chapter written by a recognized expert in that subject. 
Teleseminar “Wind Turbine Siting and Best Practices”, National 
Regulatory Research Institute (NRRI), Invited speaker, Jan. 2012. 
“Best Practices Guidelines for Assessing Sound Emissions from 
Proposed Wind Farms and Measuring the Performance of Completed 
Projects”, Prepared for the Minnesota Public Utilities Commission under 
the auspices of the National Association of Regulatory Utility 
Commissioners (NARUC), Oct. 2011. 
“Accounting for Background Noise when Measuring Operational Noise 
from Wind Turbines”, Fourth International Meeting on Wind Turbine 
Noise, Rome, Italy, Apr. 2011. 
 “Recommended noise level design goals and limits at residential 
receptors for wind turbine developments in the United States”, Noise 
Control Engineering Journal, J.59 (1), January-February 2011. 
 “Wind tunnel testing of microphone windscreen performance applied to 
field measurements of wind turbines”, Third International Meeting on 
Wind Turbine Noise, Aalborg, Denmark, June 2009. 
“Experimental study to determine wind-induced noise and windscreen 
attenuation effects on microphone response for environmental wind 
turbine and other applications”, Noise Control Engineering Journal, J.56, 
July-August 2008. 

Expert Witness Cases: Before the Washington State Energy Facilities Siting Board (EFSEC) on 
behalf of Bechtel and the Cherry Point Cogeneration Project, Bellingham, 
WA, 2003.  Permitting support for a proposed combined cycle power 
plant facility. 

Exhibit_DMH-1 
Page 2 of 3
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Before the Public Service Commission of West Virginia on behalf of the 
Longview Power Project near Morgantown, WV, 2006.  Permitting 
support for a proposed coal-fired power plant facility. 
Before the Pennsylvania Department of Environmental Protection on 
behalf of Waste Management and the Alliance Sanitary Landfill in Taylor, 
PA, 2006.  Support in defending against a Class Action Lawsuit brought 
by neighbors of the landfill. 
Before the Office of the Attorney General of New York on behalf of the 
Hudson Valley Community College Cogeneration (Diesel) Plant.  Support 
in defending against a Class Action Lawsuit brought by neighbors.  
Before the Hanover County (VA) Board of Supervisors on behalf of 
Martin Marietta Materials and the Doswell Quarry, 2008.  Permitting 
support for a proposed quarry expansion.   
Before the New Hampshire Site Evaluation Committee on behalf of 
Granite Reliable Power, LLC, 2008.  Docket No. 2008, July 2008.  
Permitting support for a proposed wind turbine project in Northern New 
Hampshire. 
Before the Public Utilities Commission of Ohio, Ohio Power Siting Board 
on behalf of EverPower Renewables and the Buckeye Wind Project, 
2008.  Permitting support for a proposed wind turbine project in Ohio. 
Before the Wisconsin Public Service Commission on behalf of Clean 
Wisconsin with regard to the proposed Highland Wind Farm in Forest, 
WI.  Docket No. 2535-CE-100.  Engaged as an independent expert to 
evaluate the Applicant’s sound studies and the testimony of opposition 
groups. 
Before the Public Utilities Commission of Ohio, Ohio Power Siting Board 
on behalf of EverPower Renewables and the Buckeye II Wind Project, 
2012.  Permitting support for a proposed wind turbine project in Ohio. 
Before the Maine State Government Energy, Utilities and Technology 
Committee on behalf of Patriot Renewables and the Beaver Ridge Wind 
Project, 2014.  Peer review of operational sound testing by others. 
Before the South Dakota Public Utilities Commission, serving as an 
outside expert to the PUC Staff reviewing the noise aspects of the 
Dakota Range Wind permit application, Docket EL 18-003, June 2018. 
Before the South Dakota Public Utilities Commission, serving as an 
outside expert to the PUC Staff reviewing the noise aspects of the 
Prevailing Wind Park permit application, Docket EL 18-026, October 
2018. 
Before the Rhode Island Energy Facility Siting Board, serving as an 
outside expert to the Town of Burrillville, RI reviewing the noise aspects 
of the Clear River Energy Center permit application, Docket SB-2015-06, 
December 2018. 

Exhibit_DMH-1 
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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE 
APPLICATION BY CROWNED RIDGE 
WIND, LLC FOR A PERMIT OF A 
WIND ENERGY FACILITY IN GRANT 
AND CODINGTON COUNTIES 

* 
* 
* STAFF'S RESPONSES TO

* APPLICANT'S FIRST DATA REQUEST
*
* 
* 
* 

EL19-003 

Below, please find Staff's responses to Applicant's first set of data request. All responses were 

provided by David Hessler. 

Dated this 23rd day of May 2019. 

Staff Attorney 
South Dakota Public Utilities Commission 
500 East Capitol A venue 
Pierre, SD 57501 
Phone (605)773-3201 
Kristen.edwards@state.sd. us 

EXHIBIT 
$TO.. T�

S1a.. 
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ADMINISTRATIVE RECORD - Scan 2 - Page 3 of 449

- Page 87 -



CRW 1-1  Reference: Page 5, line 15 through Page 6, line 5 of David Hessler's Direct 

Testimony. 

a. Please identify and provide a list of each non-participant receptor 

discussed on Page 5, line 15 through Page 6, line 5. 

b. For each non-participant receptor provided in "a," please identify (1) 

the alternative turbine that you are recommending be used and (2) the 

primary turbine that you are recommending not be used. 

c. For each non-participant receptor identified in "a" provide the 

estimated dBa reduction resulting from the use of alternative turbine 

identified  in "b" instead of using the primary turbine identified in "b". 

d. Provide the methodology, workpapers, analysis, and studies used to 

develop the estimates provided in "c". 

 

Response to CRW 1-1 a, b and c: 

The table below summarizes the information requested in Parts a, b and c of CRW 1-1.   

Non-

Participant 

ID 

Primary 

Turbine(s) 

Proposed for 

Relocation 

Destination 

Alternate 

Turbine Site 

Current 

Estimated 

Sound Level, 

dBA 

Estimated 

Sound 

Reduction at 

Residence, 

dBA 

Estimated 

Sound Level 

After 

Relocation, 

dBA 

CR1-C61-NP CR-16 Any 44 4 40 

CR1-C52-NP CR-19, CR-23 Any 43 5 38 

CR1-C39-NP 
CR-47, CR-53, 

CR-55, CR-60 

Any 43 3 40 

CR1-C38-NP Any 42 4 38 

CR1-C34-NP Any 45 3 42 

CR1-C14-NP CR-95 Any 44 3 41 

CR1-C41-NP 
CR-44, CR-46, 

CR-52 
Any 45 1 44 

CR1-C31-NP 
CR-67, CR-68 

Any 44 4 40 

CR1-C29-NP Any 41 3 38 

CR1-G16-NP CR-100 Any 42 5 37 

CR1-G68-NP CR-114 Any 43 2 41 

CR1-G23-NP CR-109 Any 43 5 38 

 

Response to CRW 1-1 d: 

The projected future sound levels in the table above are rough estimates only based on 

experience doing iterative layout optimization modeling for other wind projects.  The exact 

figures for both the current and future conditions can be easily determined by manipulating 

the Applicant’s original model. 

 
004914
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CRW 1-2 Reference: Page 5, line 17-19 of David Hessler's Direct Testimony. 

 

a. Confirm that Mr. Hessler's recommendation is to use the following 

Grant County Ordinance language to measure sound levels for non-

participants receptors in Codington County: 

"Noise level shall not exceed 45 dBA, average A-weighted  Sound  

pressure including constructive interference effects measured twenty-five 

(25) feet from the perimeter of existing off-site non-participating 

residences, businesses, buildings owned and/or maintained by a 

governmental entity." 

If not confirmed, explain your response in detail. 

Response to CRW 1-2 a: 

The site layout improvements recommended above are unrelated to the Grant County 

Ordinance and do not supersede, or make more stringent, the regulatory requirement to 

meet a sound level of 45 dBA or less at (i.e. 25 ft. from) all non-participants. 

 

b.  Confirm that Mr. Hessler is also recommending that the sound level for 

participant receptors located in Codington County be measured using 

following language from the Grant County Ordinance: 

". . . average A-weighted Sound pressure including constructive 

interference effects measured twenty-five (25) feet from the perimeter of 

existing off-site non-participating residences, businesses, buildings 

owned and/or maintained by a governmental entity." 

If not confirmed, please explain your answer in detail. 

Response to CRW 1-2 b: 

The site layout improvements recommended above are also unrelated to the Codington 

County Ordinance and do not supersede my current recommendation to apply the Grant 

County Ordinance limit of 45 dBA or less to all non-participants in Codington County, 

while also maintaining that County’s 50 dBA property line noise limit.   
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I. INTRODUCTION AND QUALIFICATIONS 1 
 2 
Q.   State your name. 3 
A.   Darren Kearney. 4 
 5 
Q.  State your employer and business address. 6 
A. South Dakota Public Utilities Commission, 500 E Capitol Ave, Pierre, SD, 57501. 7 
 8 
Q.   State your position with the South Dakota Public Utilities Commission. 9 
A. I am a Staff Analyst, which is also referred to as a Utility Analyst. 10 
 11 
Q. What is your educational background? 12 
A. I hold a Bachelor of Science degree, majoring in Biology, from the University of 13 

Minnesota.  I also hold a Master of Business Administration degree from the University 14 
of South Dakota. 15 

 16 
Q. Please provide a brief explanation of your work experience. 17 
A. I began my career in the utility industry working as contract biologist for Xcel Energy, 18 

where I conducted biological studies around various power plants, performed statistical 19 
analysis on the data collected, and authored reports in order to meet National Pollutant 20 
Discharge Elimination System (NPDES) permit requirements.  21 

 22 
 After two years of performing biological studies, I then transitioned into an environmental 23 

compliance function at Xcel Energy as a full-time employee of the company and became 24 
responsible for ensuring Xcel’s facilities maintained compliance with the Oil Pollution Act 25 
of 1990.  This involved writing Spill Prevention Control and Countermeasure (SPCC) 26 
plans and also ensuring Xcel’s facilities maintained compliance with those plans.  I was 27 
also responsible for the company’s Environmental Incident Response Program, which 28 
involved training Xcel employees on spill reporting and response, managing spill 29 
cleanups, and mobilizing in-house and contract spill response resources.   30 

 31 
 I was in that role for approximately three years and then I transitioned to a coal-fired 32 

power plant at Xcel and became responsible for environmental permitting and 33 
compliance for the plant.  Briefly, my responsibilities involved ensuring that the facility 34 
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complied with all environmental permits at the plant, which included a Clean Air Act Title 1 
V Air Permit, a Clean Water Act NPDES permit, and a hazardous waste permit.  I also 2 
drafted reports on the plant’s operations for submission to various agencies as required 3 
by permit or law.  After three years at the power plant, I left Xcel Energy to work for the 4 
South Dakota Public Utilities Commission (SD PUC). 5 

 6 
 I have been at the SD PUC for over six years now.  During my employment with the 7 

PUC, I worked on a variety of matters in the telecom, natural gas, and electric industries.  8 
The major dockets that I work on are energy conversion facility siting, transmission 9 
siting, pipeline siting, wind energy facility siting and energy efficiency programs.  I also 10 
work on matters involving the Midcontinent Independent System Operator (MISO), 11 
specifically wholesale electricity market issues, transmission cost allocation and regional 12 
transmission planning.  I also attended a number of trainings on public utility policy 13 
issues, electric grid operations, regional transmission planning, electric wholesale 14 
markets, and utility ratemaking.   15 

 16 
 My resume is provided as Exhibit_DK-1. 17 
 18 

II. PURPOSE OF TESTIMONY 19 
 20 

Q. On whose behalf was this testimony prepared? 21 
A.  This testimony was prepared on behalf of the Staff of the South Dakota Public Utilities 22 

Commission. 23 
 24 
Q. What is the purpose of your direct testimony?   25 
A.  The purpose of my direct testimony is to discuss the Application review performed by 26 

Commission Staff, identify any issues or concerns with the representations made in the 27 
Application or by the Applicant, identify any outstanding concerns Staff has with 28 
Application, and provide recommended permit conditions.  29 

          30 
III. REVIEW OF THE APPLICATION 31 

 32 
Q. When did Crowned Ridge Wind, LLC file its Application for a permit to construct 33 

the wind energy facility? 34 
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A. The Application was filed on January 30, 2019. 1 
 2 
Q.   Did you review Crowned Ridge Wind, LLC’s Application for a permit to construct 3 

the wind energy facility? 4 
A.  Yes.  I also reviewed the figures, appendixes, discovery responses produced by all 5 

parties, Crowned Ridge’s direct and supplemental testimony and comments the PUC 6 
received from the public. 7 

 8 
Q. Were other Staff involved in the review of the Application? 9 
A. Yes.  Staff Analysts Jon Thurber and Eric Paulson and Staff Attorneys Kristen Edwards 10 

and Amanda Reiss also assisted in reviewing the Application.   11 
 12 
Q. Explain, in your words, the main role of the SDPUC Staff in the Application 13 

proceedings. 14 
A. After receiving the Application filing, Staff completed a review of the contents of the 15 

Application as it relates to the Energy Facility Siting statutes, SDCL 49-41B, and Energy 16 
Facility Siting Rules, ARSD 20:10:22.  Staff then identified information required by 17 
statute or rule that was either missing from the Application or unclear within the 18 
Application and requested Crowned Ridge to provide or clarify that information (see 19 
Exhibit_DK-2).  Once interested individuals were granted party status, Staff also issued 20 
discovery to the intervenors to understand what concerns they had with the project (see 21 
Exhibit_DK-3). 22 

 23 
 Staff hired one consultant to assist with reviewing the Application.  David Hessler has 24 

expertise on noise emitted from wind turbines and noise modeling.  Mr. Hessler 25 
completed his review and authored his testimony as filed in this docket. 26 

 27 
 Finally, Staff assisted intervenors and affected landowners by providing responses to 28 

numerous questions on the windfarm, the siting process at the PUC and the 29 
opportunities available for these individuals to be heard by the Commission.  If the 30 
landowners had specific concerns with the wind farm, Staff often recommended that 31 
those individuals file comments in the docket for the Commission’s review.  Where 32 
appropriate, Staff also included some of the landowners’ questions or concerns in Staff’s 33 
data requests sent to Crowned Ridge to have them address the issue. 34 
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 1 
Q. What is the purpose of Staff’s expert witness in this proceeding? 2 
A.  Given that information submitted in the Application regarding noise modeling is technical 3 

in nature, Staff sought an expert in that field to assess the merits and deficiencies of the 4 
Application.  Staff asked the expert to review the relevant portions of the Application, 5 
testimony, appendixes, data requests, and public comments that fall within his area of 6 
expertise and identify any concerns he had with the material submitted.   7 

  8 
 Ultimately, Staff requested that the expert address whether or not the information 9 

submitted by Crowned Ridge aligns with industry best practices and if he agreed with the 10 
conclusions Crowned Ridge made regarding potential impacts from the project.   11 

 12 
IV. STATE AGENCY CONSULTATION 13 

 14 
Q. Did Staff reach out to any other State Agencies for input? 15 
A.  Yes.  Specifically for this docket, Staff reached out to the South Dakota Game, Fish, and 16 

Parks (SD GF&P), the State Historic Preservation Office (SHPO), and South Dakota 17 
Department of Transportation – Aeronautics Division (SD DOT – Aeronautics).  18 

  19 
Q. Did any of those agencies communicate concerns to PUC Staff specific to the 20 

Crowned Ridge Wind Farm? 21 
A.  Since the SD GF&P (Mr. Tom Kirschenmann) and SHPO (Ms. Paige Olson) are 22 

witnesses in this proceeding, I will defer to their testimony as to what concerns, if any, 23 
they may have with the proposed project.  The SD DOT – Aeronautics reviewed the 24 
turbine layout and didn’t have any comments or concerns with proposed project. 25 

 26 
Q.       Has Commission Staff consulted with any other State Agencies for other wind 27 

energy facility permit applications in the past? 28 
A.       Yes.  For the Crocker Wind Farm (dockets EL17-028 and EL17-055) and other wind 29 

energy projects thereafter, Staff consulted with the South Dakota Department of Health 30 
(Department of Health).  For the Deuel Harvest Wind Farm (docket EL18-053), Staff 31 
consulted with the South Dakota Department of Environment and Natural Resources 32 
(SD DENR).  33 
   34 
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Q.      Please explain the consultation between Staff and the Department of Health for 1 
wind energy facilities. 2 

A.       SDCL 49-41B-22(3) requires the Applicant establish that the Crowned Ridge Wind Farm 3 
will not substantially impair the health, safety, or welfare of the inhabitants.  At the Public 4 
Input Hearing and through written comments to the Commission, commenters have 5 
raised concerns regarding health impacts to inhabitants near wind facilities.  6 
Commission Staff believes the Department of Health is the appropriate State agency to 7 
assess the potential health impacts from wind farms. 8 

 9 
The Crocker Wind Farm was the first wind energy facility permit application reviewed by 10 
Staff in recent years.  As such, Staff reached out to the Department of Health to 11 
determine if the agency had any concerns about the potential impact to human health 12 
from wind turbines.  The Department of Health provided a letter (dated October 13, 13 
2017) in response, which I will discuss later in my testimony. 14 
   15 
Comments received by the Commission on health concerns for the Prevailing Wind Park 16 
project (docket EL18-026), as well as supporting information submitted with those 17 
comments, was also provided by Staff to the Department of Health for review.  The 18 
Department of Health’s position did not change based on the additional information Staff 19 
provided and indicated that the letter dated October 13, 2017 is generally applicable to 20 
any wind turbine project. 21 
 22 

Q.      What was the Department of Health’s Response? 23 
A.       The Department of Health provided Commission Staff with a letter (dated October 13, 24 

2017) stating that the Department of Health has not taken a formal position on the issue 25 
of wind turbines and human health.  Further, they referenced the Massachusetts 26 
Department of Public Health and Minnesota Department of Health studies and identified 27 
those studies generally conclude that there is insufficient evidence to establish 28 
significant risk to human health.   29 

 30 
Since comments received for Crowned Ridge are similar to ones the Commission 31 
received in past wind farm dockets, I included the Department of Health’s letter as 32 
Exhibit_DK-4.    33 

 34 
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Q.       You also mentioned that Staff consulted with the SD DENR on Deuel Harvest Wind 1 
farm.  Please explain that consultation. 2 

A.       During the Deuel Harvest proceeding, intervenors brought up concerns about the impact 3 
wind turbine construction and operation may have on shallow aquifers and spring-fed 4 
streams.  The main concerns raised were that wind turbines may cause pollution of the 5 
aquifers and springs due to spills and vibrations during operations.  Staff reached out to 6 
the SD DENR to determine if the Agency had similar concerns and if they had any 7 
knowledge about wind turbine construction and operations adversely impacting aquifers 8 
or springs (Exhibit_DK-5).   9 

 10 
Q.      What was the SD DENR’s Response? 11 
A.       The SD DENR provided Commission Staff with a response letter (dated March 29, 2019) 12 

identifying that historical spills reported by wind turbines in South Dakota have been 13 
minor and were easily addressed.  In addition, the SD DENR does not consider a 14 
concrete foundation to be a source of ground water contamination.   15 

 16 
Based on the intervenors’ responses to Staff data requests (Exhibit_DK-3), it appears 17 
concerns similar to those in Deuel Harvest’s proceeding are going to be raised in this 18 
docket and, therefore, I included the SD DENR’s letter as Exhibit_DK-6.    19 

 20 
V. APPLICATION COMPLETENESS 21 

 22 
Q. Was Crowned Ridge Wind’s Application considered complete at the time of filing? 23 
A.  At the time of the filing, the application was generally complete.  However, as identified 24 

earlier in my testimony, Staff requested further information, or clarification, from 25 
Crowned Ridge that Staff believed was necessary to satisfy the requirements of SDCL 26 
49-41B and ARSD 20:10:22.  It is Staff’s position that ARSD 20:10:22:04(5) allows for 27 
the applicant to provide additional information throughout the Commission’s review 28 
period by stating: 29 

 30 
“The truth and accuracy of the application shall be verified by the 31 
applicant.  Each application shall be considered to be a continuing 32 
application, and the applicant must immediately notify the commission 33 
of any changes of facts or applicable law materially affecting the 34 
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application.  This duty continues up to and includes the date on which 1 
the permit is issued or denied.” (ARSD 20:10:22:04(5)) {emphasis 2 
added} 3 
 4 

Finally, I would note that an applicant supplementing its original application with 5 
additional information as requested by Staff is not unusual for siting dockets.   6 

 7 
Q.   Based on your review of the Application, responses to Staff’s data requests and 8 

Crowned Ridge’s testimony, do you find the Application to be complete? 9 
A.   Yes.  In my opinion, Crowned Ridge has provided the information required in SDCL 10 

Chapter 49-41B and ARSD Chapter 20:10:22.  Furthermore, the Commission stated at 11 
the motions hearing on May 9, 2019, that it found the Application was filed generally in 12 
the form and content required by law and rule.     13 

 14 
VI. OUTSTANDING CONCERNS 15 

 16 
Q.   Does Staff have any outstanding concerns at this time? 17 
A. Yes.  Staff has concerns regarding the cumulative impacts of shadow flicker and noise 18 

that certain participants and non-participants may experience due to Crowned Ridge 19 
wind farm and Dakota Range I & II wind farm (Dakota Range) being sited adjacent to 20 
each other.  Dakota Range will be located to the west and northwest of the proposed 21 
Crowned Ridge wind farm.  I included Exhibit_DK-7 with my testimony, which is a map I 22 
made of the turbine layout for both wind projects. 23 

 24 
 It is Staff’s position that the Commission should consider the cumulative impacts to 25 

inhabitants in the area resulting from the development of multiple wind projects.  This 26 
position is based on ARSD 20:10:22:13, which states in part: 27 

 28 
“The environmental effects shall be calculated to reveal and assess 29 
demonstrated or suspected hazards to the health and welfare of human, 30 
plant and animal communities which may be cumulative or synergistic 31 
consequences of siting the proposed facility in combination with any 32 
operating energy conversion facilities, existing or under construction.” 33 
(ARSD 20:10:22:13) 34 

  35 
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 Dakota Range received a permit to construct from the Commission on July 23, 2018.  In 1 
the Final Decision and Order Granting Permit to Construct Wind Energy Facility; Notice 2 
of Entry in docket EL18-003, finding of fact 18 identifies that Northern States Power 3 
Company, d/b/a Xcel Energy (Xcel) had entered into a Purchase and Sale Agreement 4 
with Apex Clean Energy to acquire the Dakota Range project.  Since Xcel is going buy 5 
the Dakota Range project, it is Staff’s position that there is a high probability of Dakota 6 
Range being constructed.  Therefore, the additional impacts that Crowned Ridge could 7 
impose on inhabitants in the area near Dakota Range should be analyzed by the 8 
Commission. 9 

 10 
Q.   What is your concern regarding shadow flicker? 11 
A. I have two concerns.  My first concern is that the shadow flicker study (Appendix I to the 12 

Application) does not identify that Dakota Range turbines were accounted for in the 13 
study.  My second concern is the amount of shadow flicker that will occur at one non-14 
participating receptor and one participating receptor.   15 

 16 
Q.   Please explain in detail your concern regarding the shadow flicker study. 17 
A. My concern is that the shadow flicker study does not clearly show that Dakota Range 18 

turbines were included in the model.  Section 3 of the shadow flicker study states: 19 
 20 

“The Crowned Ridge II project is adjacent to the Crowned Ridge project. 21 
Because shadow flicker impacts are cumulative, there will be impacts 22 
from the Crowned Ridge II project that will be additive to the impacts 23 
from the Crowned Ridge project. The Crowned Ridge II wind turbine 24 
array was included in the model to capture the full shadow flicker impacts 25 
on the receptors, which are included in the tabular results; however, the 26 
shadow flicker iso‐line maps only show the shadow flicker from the 27 
Crowned Ridge array.” (Appendix I to the Application, pg. 6) 28 

 29 
The language above does not state Dakota Range turbines were included in the model.  30 
However, in response to Staff data request 1-5 (Exhibit_DK-2, pg. 7 of 626) Crowned 31 
Ridge clarified that Dakota Range was in fact included in the model.   32 
 33 
Mr. Jay Haley attempted to further clarify this in his supplemental testimony and noted 34 
that Dakota Range turbines were included in the model.  Comparing Exhibit 3 of Mr. 35 
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Haley’s testimony to the original shadow flicker study results (Appendix I to the 1 
Application) indicates the Dakota Range turbines were added to the model used for 2 
creating Mr. Haley’s Exhibit 3 since shadow flicker levels on certain receptors had 3 
increased from the original levels reported.  Therefore, it is Staff’s understanding that the 4 
expected shadow flicker duration at receptors provided in Exhibit 3 of Mr. Haley’s 5 
supplemental testimony includes impacts from Dakota Range. 6 
 7 
The main concern I have is that the figures in Appendix D to the shadow flicker study 8 
(including any updated figures) are some-what misleading.  As stated in the shadow 9 
flicker study (and cited above), the iso-line maps provided in the shadow flicker study 10 
only show the expected levels of shadow flicker from the Crowned Ridge project and do 11 
not include cumulative impacts from other projects.  If one was to base their analysis 12 
simply on the iso-lines in the figures, then they would be misled about the total amount 13 
of expected shadow flicker on a receptor when accounting for all wind projects. 14 
 15 

 Staff requests that Crowned Ridge, in its rebuttal testimony, provide updated figures for 16 
Appendix D of the shadow flicker study to clearly show the total expected levels of 17 
shadow flicker on receptors from all turbines casting a shadow, including Dakota Range. 18 

   19 
Q.   Please explain in detail your concern regarding the expected shadow flicker levels 20 

at certain receptors. 21 
A. In the updated appendices to the shadow flicker study that were filed in Exhibit 3 to Mr. 22 

Haley’s supplemental testimony, one non-participating receptor (CR1-C61-NP) is 23 
expected to have 49 hours and 6 minutes of shadow flicker per year.  In response to 24 
Staff data request 3-4 (Exhibit_DK-2, page 559 of 626), Crowned Ridge identifies that it 25 
will discuss mitigation options such as a setback waiver, tree planting, or other means to 26 
blocking shadow flicker with the property owner. If the property owner does not agree 27 
then Crowned Ridge will remove the offending turbine and use an alternate turbine 28 
location.  It is Staff’s position that if a setback waiver cannot be obtained, then the 29 
turbine should either be eliminated or automatically controlled through the turbine’s 30 
control software so that the total duration of shadow flicker, from both Dakota Range and 31 
Crowned Ridge, does not exceed 30 hours/year.  Staff is not supportive of any other 32 
mitigation strategies if the property owner does not sign a waiver. 33 

 34 
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 In addition to the non-participating receptor, Staff has concerns about the duration of 1 
shadow flicker expected at one participating receptor (CR1-C106-P).  This participant is 2 
expected to experience 50 hours and 20 minutes of shadow flicker per year (Exhibit 3 to 3 
Mr. Haley Supplemental Testimony).  It is Staff’s position that Crowned Ridge should 4 
take proactive actions with the property owner to mitigate the duration of shadow flicker 5 
and provide documentation to the Commission that the property owner is comfortable 6 
with the planned mitigation measures. 7 

 8 
 In rebuttal testimony, Crowned Ridge should provide the company’s final plan for limiting 9 

shadow flicker to 30 hours per year at the non-participating receptor (CR1-C61-NP) and 10 
provide the mitigation strategy to be used at the participating receptor (CR1-C106-P) 11 
with documentation showing the property owner agrees with that strategy.  12 

 13 
Q.   In your response above you reference limiting shadow flicker to 30 hours per year.  14 

Is Staff comfortable with that limit? 15 
A. Yes.  The 30 hours per year is consistent with the limits established in Grant and 16 

Codington counties.   In addition, it is also consistent with the limit set forth in permit 17 
conditions issued for other wind projects by the Commission (see dockets EL17-055, 18 
EL18-003, and EL18-046).  Staff is not aware of any studies demonstrating that shadow 19 
flicker at a specific duration could potentially impair the health, safety, or welfare of 20 
inhabitants in the project area.  Therefore, Staff has no basis to propose an alternative 21 
shadow flicker limit and looked to the county requirements and past Commission 22 
decisions for guidance. 23 

 24 
Q.   What is your concern regarding noise? 25 
A. Staff has two concerns.  First, Staff has concerns with the figures provided in Appendix 26 

D of the noise study.  Second, Staff has concerns regarding certain turbine locations.   27 
  28 
Q.   Please explain in detail your concern regarding the noise study. 29 
A. Similar to the shadow flicker study discussed earlier, my concern is that the sound study 30 

does not clearly identify that Dakota Range turbines were included in the model.  In Mr. 31 
Haley’s supplemental testimony, it is identified that the tables provided in Exhibit 3 of his 32 
supplemental testimony account for Dakota Range.  Comparing the noise levels in 33 
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Exhibit 3 to the noise levels in the original study (Appendix H to the Application), it 1 
appears that the tables in Exhibit 3 do include Dakota Range turbines.   2 

 3 
 Even though the updated tables provide numerical sound levels that appear to factor in 4 

Dakota Range noise emissions, Staff would like to see updated figures for Appendix D to 5 
the sound study that provide the iso-lines for sound levels that account for the Crowned 6 
Ridge, Dakota Range, and Crowned Ridge II wind turbine arrays.  The figures would 7 
only need to include turbines from the three wind projects that have an influence on the 8 
sound levels for receptors studied by Crowned Ridge.  Justification for this request is 9 
transparency since individuals likely turn first to the figures to see the expected sound 10 
levels at their residences. These figures should be provided in Crowned Ridge’s rebuttal 11 
testimony. 12 

 13 
Q.   Please explain in detail your concern regarding the location of certain turbines. 14 
A. Staff’s noise expert, Mr. David Hessler, recommends the relocation of seventeen wind 15 

turbines to further minimize the noise levels at non-participants.  I will defer to Mr. 16 
Hessler’s testimony to further explain this concern.  17 

 18 
VII. CONCERNS RAISED BY THE PUBLIC AND INTERVENORS 19 

 20 
Q.   Did Staff consider concerns raised by the public and intervenors? 21 
A. Yes.  The concerns raised during the public input hearing and by the intervenors are 22 

similar to concerns Staff has looked into for past wind energy dockets.  Specifically, for 23 
intervenors, Staff asked them what conditions to the permit, if any, would address their 24 
concerns (see Exhibit_DK-3).  Due to the number of recommended permit conditions 25 
provided by the intervenors, I provided the Intervenors’ requests with Staff’s initial 26 
reaction to each condition in Exhibit_DK-8.  I state that this is Staff’s initial reaction 27 
because, at this time, Staff has not seen supporting information for most of the 28 
recommended conditions and is not aware what experts the intervenors may call.  Staff’s 29 
initial reaction is provided so that the intervenors have an idea of what Staff’s position is 30 
without additional support or explanation. 31 

 32 
I will not address each of the intervenors’ recommended permit conditions in my 33 
testimony, however I will discuss a few of the main issues it appears their conditions are 34 
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intended to address.  Further, I will address one comment made at the public input 1 
hearing. 2 
 3 

a. County Permits 4 
 5 
Q.   At the public input hearing held on March 20, 2019, Mr. Allen Robish questioned 6 

why the Commission was even reviewing the Application since a portion of the 7 
project does not have a Grant County permit and three lawsuits are pending at the 8 
local level.  Do you recall this comment? 9 

A. Yes.  It is my understanding that Mr. Robish was referring to the fact that a portion of the 10 
Crowned Ridge project area does not have a county permit.  The affected area is in the 11 
northeast corner of the project and was formerly part of the Cattle Ridge wind farm being 12 
developed by Geronimo Energy.  Cattle Ridge had acquired a permit from the county for 13 
the project, but the permit expired since construction did not begin before the deadline 14 
set forth in the permit.  Crowned Ridge filed a new application for a Conditional Use 15 
Permit from Grant County, which is still pending at the county. 16 

 17 
Further, Mr. Robish is also concerned that the legal challenges to the currently effective 18 
Grant County and Codington County Conditional Use Permits could potentially invalidate 19 
them.  It appears that Mr. Robish believes the PUC should not proceed with permitting 20 
the Crowned Ridge wind farm until all county permits are obtained and all legal 21 
challenges are resolved. 22 
 23 

Q. Can a wind energy facility receive a state permit without having a county permit?              24 
A. Commission Staff would prefer that a county permit is obtained before the Commission 25 

makes a determination on a state permit.  However, there is no requirement to obtain a 26 
county permit prior to obtaining a state permit.  Crowned Ridge will need to comply with 27 
all applicable laws and rules (SDCL 49-41B-22(1)), including obtaining and complying 28 
with valid Grant County and Codington County Conditional Use Permits.  To ensure 29 
compliance, Commission Staff recommends the Commission include the following 30 
condition if a permit is granted: 31 

Applicant will obtain all governmental permits which reasonably may 32 
be required by any township, county, state or federal agency, or any 33 
other governmental unit for construction and operation activity of the 34 

 
004929

ADMINISTRATIVE RECORD - Scan 2 - Page 19 of 449

- Page 103 -



 

 14    

Project prior to engaging in the particular activity covered by that 1 
permit. Copies of any permits obtained by Applicant shall be filed 2 
with the Commission. 3 
 4 

The risk Crowned Ridge assumes when it requests a state permit without first obtaining 5 
the Grant County permit is the county may include a condition that materially changes 6 
how the Applicant constructs, operates, and maintains the Crowned Ridge Wind Farm 7 
from what is presented in the state proceeding.  Any requests for material modifications 8 
to the state permit would need approval from the Commission, and the filing could be in 9 
the form of a permit amendment or require a new permit application. Commission Staff 10 
recommends the following conditions, if a permit is granted, to ensure the Applicant 11 
constructs, operates, and maintains the Crowned Ridge Wind Farm consistent with the 12 
representations made in this proceeding:   13 

1) Applicant shall construct, operate, and maintain the Project in a 14 
manner consistent with (1) descriptions in the Application, (2) 15 
Application supplements, (3) responses to any data requests, (4) 16 
the Final Decision and Order Granting Permit to Construct Wind 17 
Energy Facility, Attachment A-Permit Conditions, (5) any 18 
applicable industry standards, (6) any permits issued by a 19 
federal, state, or local agency, and (7) evidence presented by 20 
Applicant at the evidentiary hearing. 21 

  22 

2) Except as otherwise provided in the Permit Conditions, Applicant 23 
shall comply with all mitigation measures set forth in the 24 
Application, Applicant's responses to data requests, and 25 
Applicant exhibits and testimony at the evidentiary hearing. 26 
Material modifications to the mitigation measures shall be 27 
subject to prior approval of the Commission. 28 

 29 
        30 

Q. Does Commission Staff know the timeline for Grant County Conditional Use 31 
Permit for the Cattle Ridge portion of the project?           32 

A. No, I do not.  In response to Staff data request 2-1 (Exhibit_DK-2, page 421 of 626), 33 
Crowned Ridge identified that Grant County would hear the Conditional Use Permit 34 
application on April 8, 2019.  It is my understanding that the county deferred the hearing 35 
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to a later date.  Commission Staff recommends the Applicant provide the status of 1 
county permitting in rebuttal testimony.      2 
 3 

b. Setbacks: Non-participating Residences and Waverly School 4 
 5 

Q.  What are the intervenors’ recommended setback from non-participating 6 
residences and Waverly School?           7 

A. Based on the intervenors’ proposed permit condition, it appears they are asking the 8 
Commission to establish a setback of 2-miles from non-participating residences with a 9 
waiver option for residences under 2-miles.  For the Waverly School, the intervenors 10 
propose a setback of 2-miles with no waiver option. 11 

 12 
Q.  What support did the intervenors provide for a 2-mile setback?           13 
A. The intervenors did not provide support for a 2-mile setback in response to Staff’s 14 

discovery.  They only state in the proposed permit conditions that: 15 
 16 

i) Citizens that are not participating with the project should not 17 
have to be exposed to the effects of the project. Although 2 miles 18 
will not prevent exposure from the project, it will create a more 19 
tolerable situation. 20 
  21 

ii) This will ensure children are protected from the disturbances of 22 
the project while in their learning environment. 23 

 24 
It is unclear to Staff what effects and disturbances the intervenors are referring to in their 25 
proposed condition. 26 
 27 

Q.  What are the setbacks from non-participating residences and schools in Grant 28 
and Codington County?           29 

A. Section 5.22 of Ordinance 68 in Codington County has the following setback 30 
requirements: 31 
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 1   2 
Section 1211.04 of the Grant County Compiled Zoning Ordinances specifies the 3 
following setbacks: 4 

 5 

 6 

-

Table 5.22.03.2 
WES Setbacks 

Setback Distance• 
Vertical Height Vertical Height of Tower 

of Tower 
75' to 500' 

Over 500' 

Participating occupied residence, 
550' plus 2.5' feet for each 

550' additiona I vertical foot more 
business, church, or school than 500' in height 

Municipal Boundaries at the time of 
5,280' 5,280' Conditional Use Permit Application 

Non-
Participating Town District 

occupied 
5,280' 5,280' 

residence, 
1,500' plus 2.5' feet for each business, 

church, or All other Districts 1,500' additiona I vertical foot more 

school than 500' in height 

Distance from the Right-of -Way of 
110% of the height of the wind turbine** 

Public Road 

Dist ance from Property Line 110% of the height of the wind turbine••• 

• Setback distance to be measured from the wall line of the 
neighboring principal building to the base of the W ES tower. The 
vertical height of the wind turbine is measured from the ground 
surface to the tip of the blade when in a fully vertical position. 
The horizontal setback shall be measured from the base of the 
tower to the public r ight-of-way. 

••• The horizontal setback shall be measured from the base of the 
tower to the adjoining property line unless wind easement has 
been obtained from adjoining property owner. 

Table 1211-1 
WES Setbacks 

Setback Distance• 

Participating Residence, business, church, school, 
building owned and/or operated by a governmental 1,500 Feet 0 

entity 

Non-Participating Residence, business, church, 
school, building owned and/or operated by a 1,500 Feet 

governmental entity 

Municipal Boundaries existing at the time of 
5,280 Feet 

Conditional Use Permit Application 

Distance from Public Right-of-Way 
500 Feet or 110% of the vertical height of the 

wind turbine, whichever Is greater• .. 

Distance from Property Line 
500 Feet or 110% of the vertical height of the 

wind turbine, whichever is greater •••• 

• Setback distance to be measured from the wall line of the neighboring principal building to the base of the WES 
tower. The vertical height of the wind turbine is measured from the ground surface to the tip of the blade when in 
a fully vertical position. 
No less than 110% of the vertical height of the wind turbine if agreed upon by participating entity 

••• The horizontal setback shall be measured from the base of the tower to the public right-<>f-way . 
.. .. The horizontal setback shall be measured from the base of the tower to the adjoining property line unless wind 

easement has been obtained from adjoining property owner. 
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Q.  Is the intervenors’ 2-mile setback consistent with the county ordinances?           1 
A. No.  Grant and Codington counties require a 1,500-foot setback from non-participating 2 

residences for the turbines to be used by Crowned Ridge.  For wind turbines over 500 3 
feet tall, Codington County also requires an additional 2.5 feet beyond the 1,500-foot 4 
setback for each vertical foot the wind turbine is over 500 feet.  The tallest wind turbine 5 
for Crowned Ridge will be approximately 486 feet and, thus, a 1,500-foot setback is 6 
required by both counties.  Codington County’s required setback from the school located 7 
in Waverly is 5,280 feet. 8 
 9 

Q.  What is Staff’s position on a 2-mile setback?           10 
A. Staff is not supportive of a 2-mile setback currently.  This position is based upon review 11 

of the following: 1) Applicant’s prefiled direct and supplemental testimony submitted by 12 
Mr. Jay Haley and Mr. Christopher Olson, 2) the sound study provided in the Application 13 
and as updated in the testimony of Mr. Haley, 3) the testimony of Staff’s witness Mr. 14 
David Hessler, and 4) the letter Staff received from the SD Department of Health 15 
(Exhibit_DK-4).   16 

 17 
I should also note that the Commission has considered the request for a 2-mile setback 18 
in previous wind farm dockets (e.g. EL18-026) and found that a 2-mile setback was not 19 
supported by the evidence in the record for those dockets.  Should the intervenors 20 
provide additional support for a 2-mile setback through an expert witness, Staff will 21 
respond to that new information in rebuttal testimony.  However, at the time of writing 22 
this testimony, Staff’s review has determined a 2-mile setback is not currently supported. 23 

 24 
c. Setbacks: Public Rights-of-Way 25 

 26 
Q.  What is the intervenors’ recommended setback from public rights-of-way?           27 
A. The intervenors recommend a setback of greater than 1.5 x (the diameter of the blades 28 

plus the height of the turbine).  For this project, that would equal a right-of-way setback 29 
of approximately 1,014 feet (for the 90-meter hub height turbine) or approximately 965 30 
feet (for the 80-meter hub height turbine).   31 

 32 
Q.  What support did the intervenors provide for this recommended setback 33 

distance?           34 
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A. The intervenors proposed condition identifies that their recommended setback distance 1 
is outlined in the GE technical document number GER4262, titled “Ice Shedding and Ice 2 
Throw-Risk and Mitigation.” 3 

 4 
Q.  Has Staff reviewed the GE technical document referenced by the intervenors?           5 
A. No.  Staff has not reviewed this specific technical document since a copy was not 6 

provided by the intervenors.   7 
 8 
Q.  Has Staff reviewed any other GE manuals or guidance documents provided by 9 

Crowned Ridge?           10 
A. Yes.  Staff requested Crowned Ridge provide a copy of the safety and operating 11 

manuals for the proposed GE wind turbines in data request 3-2 (Exhibit_DK-2).  In 12 
response, Crowned Ridge only provided the operating manual (Exhibit_DK-2, pages 13 
566-600).  Staff will request through additional discovery that the safety manual be 14 
provided. 15 

 16 
Q.  What is Staff’s understanding of the support for the intervenors’ proposed 17 

setback from public rights-of-way?           18 
A. Based on the GE technical document referenced by the intervenors, Staff believes the 19 

intervenors are concerned about ice throw from wind turbines and that the setbacks from 20 
rights-of-way should account for ice throw. The equation the intervenors propose for 21 
calculating the setback from rights-of-way appears to have come from the GE technical 22 
document. 23 

 24 
  Q.  Does Staff support establishing a setback from rights-of-way based on the 25 

equation recommended by the intervenors?           26 
A. Not forthright.  Staff is supportive around the concept of establishing a setback distance 27 

from rights-of-way (and property lines) based on the wind turbine manufacturer’s 28 
recommendation.  However, Staff is not sure whether the equation provided by the 29 
intervenors is appropriate since Staff has not yet reviewed the GE safety manual.  Based 30 
on my experience on other wind farm dockets, an ice detector or ice detection system 31 
can also be used to prevent ice throw.   32 

 33 
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 Staff will continue to investigate ice throw and how Crowned Ridge intends to mitigate 1 
ice throw.  I will update my testimony either through rebuttal testimony or at the 2 
evidentiary hearing once Staff receives all information needed to formulate a position. 3 

 4 
d. Noise Limits and Compliance Monitoring 5 

 6 
Q.  Do the intervenors recommend any conditions on noise?           7 
A. Yes.  The intervenors request the following noise conditions: 8 
 9 

i) Preconstruction noise, to include infrasound, analysis of non-10 
participating properties, outside and inside the principle 11 
structure. Analysis to be conducted by a third party chosen and 12 
reported directly to the PUC.  13 
 14 

ii) Noise monitoring, to include infrasound, during construction, 15 
operation, maintenance, decommissioning to record the 16 
applicant is in compliance. Monitoring to be completed by a third 17 
party selected and reported directly to the PUC. 18 

 19 
iii) 40 db(A) L10 to be measured, by a third party every year outside 20 

and inside non-participating landowners’ homes within 2 miles of 21 
the boundary footprint and the Waverly School. During even 22 
numbered years the measurement shall be in the spring and fall 23 
for 14 days 24 hours continuous. During the odd numbered 24 
years the measurement shall be in the summer and winter for 14 25 
days 24 hours continuously. The findings shall be reported to the 26 
PUC and published within 3 months of completion of the noise 27 
study in the following public publications, for the life of the 28 
project: Public Opinion newspaper in Watertown, SD, South 29 
Shore Gazette in South Shore, SD and the Grant County Review 30 
in Milbank, SD. 31 

 32 
iv) Noise not to exceed 40 db(A)L10 at the property line of a non-33 

participating property, including but not limited to construction, 34 
maintenance, operation and decommissioning. This requirement 35 
shall be enforced in all areas within 2 miles of the project 36 
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boundary footprint and within 2 miles of any haul road for the life 1 
of the project, cradle to grave. 2 

 3 
Q.  Does Staff agree with a noise limit of 40 db(A)L10 at the property line of a non-4 

participating property?           5 
A. No.  At this time, Staff does not support all three parts of the intervenors’ requested 6 

noise limit.  The three parts I am referring to are: 1) the noise limit of 40 db(A), 2) the 7 
measurement statistic (L10), and 3) the location the limit is set at. 8 

 9 
 First, regarding the 40 db(A) part of the limit, Staff acknowledges that 40 db(A) is Mr. 10 

Hessler’s ideal design goal for wind projects.  However, Mr. Hessler also finds that 45 11 
db(A) is a fair regulatory limit.  I will defer to Mr. Hessler for further explanation of 12 
applying his ideal design goal to this project and the proper noise limit to set in a permit 13 
condition. 14 

 15 
 Second, regarding the L10 measurement statistic, Staff will advocate for a limit with a Leq.  16 

It appears to Staff that the intervenors’ requested L10 is derived from the Prevailing Wind 17 
Park permit condition (see docket EL18-026).  While the Commission’s past precedent is 18 
informative, and Staff uses that for direction when reviewing siting dockets, Staff stands 19 
by Mr. Hessler’s recommended Leq.  I will defer to Mr. Hessler to explain why the Leq is 20 
the better measurement statistic to use. 21 

 22 
 Finally, regarding setting a noise limit at the property line, Staff disagrees and believes 23 

that the proper location to set a noise limit is at the residence.  The purpose of setting a 24 
noise limit is to protect inhabitants in the project area from excessive unwanted sound 25 
(i.e. noise) that could lead to annoyance.  The Commission is charged by the Legislature 26 
to determine whether or not the project will “substantially impair the health, safety, or 27 
welfare of the inhabitants” (SDCL 49-41B-22(3)).  Based on review of the Application, 28 
Applicant’s testimony, and the letter from the SD Department of Health, Staff finds that 29 
the main concern with noise, that could potentially rise to the threshold of “substantial” 30 
as contemplated in SDCL 49-41B-22(3), is the impact noise has on sleep.  The 31 
Applicant’s witness Mr. Ollson testifies that “[t]he critical effect from a health perspective 32 
in setting any nighttime sound source standard is to ensure that it is protective of sleep” 33 
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(Ollson Supplemental Testimony, page 5).  Therefore, Staff believes that it is reasonable 1 
to set a limit at the residence, where individuals sleep. 2 

 3 
 Should evidence be presented identifying noise levels of 40db(A) could substantially 4 

impair the health, safety, or welfare of inhabitants regardless of the time of day or 5 
duration of exposure, Staff will reconsider our position and I will update my testimony if 6 
needed. 7 

 8 
Q.  Does Staff agree with a preconstruction noise analysis?           9 
A. No.  Staff does not agree with the preconstruction noise analysis as contemplated by the 10 

intervenors.  Mr. Hessler does fault the noise study for failing to perform a baseline 11 
sound survey of the existing environment and then assessing the project’s potential 12 
noise impact on the community.  However, I do not think this is the type of survey the 13 
intervenors contemplated based on the way their requested condition is written.  I will 14 
defer to Mr. Hessler for further explanation on his review of the Applicant’s sound study. 15 

 16 
Q.  Does Staff agree with ongoing noise monitoring during construction, operation, 17 

maintenance, and decommissioning of the project?           18 
A. No.  Staff does not agree with ongoing noise monitoring through all phases of the project 19 

life.  First, noise limits are not typically set for the construction and decommissioning 20 
phase of the project or during maintenance.  Noise limits are set for ongoing operations.  21 
Second, in Staff’s opinion ongoing compliance monitoring as contemplated in the 22 
intervenors requested condition would be costly and overly burdensome without much 23 
benefit.  A properly conducted noise survey is able to accurately represent the noise 24 
being emitted from the turbines during operations. 25 

 26 
 Staff does support a compliance survey be conducted post-construction and upon 27 

complaint.  As such, Staff will advocate for the following language to be included in a 28 
permit condition: 29 

 30 
Applicant shall, upon Commission formal request, conduct field surveys 31 
or provide post-construction monitoring data verifying compliance with 32 
specified noise level limits using applicable American National Standards 33 
Institute (ANSI) methods.  Sound monitoring will not be repeated in a 34 
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representative area during any five-year period unless operational or 1 
maintenance changes result in a reasonable assumption of higher 2 
turbine sound levels. Verification of compliance with the sound level 3 
requirement at the residences of the intervenors shall be submitted to the 4 
Commission within 60 days of commencement of full operation. 5 

   6 
Q.  Does Staff agree with conducting a noise study every year to verify the project is 7 

compliant with the noise limit the Commission sets?           8 
A. No.  Staff does not agree with an annual sound study and will be advocating for the 9 

compliance testing requirement as specified in the permit condition language provided in 10 
my response to the previous question. 11 

 12 
VIII. STAFF’S RECOMMENDED PERMIT CONDITIONS 13 

 14 
Q.   What permit conditions does Staff recommend? 15 
A. Staff will be working with Crowned Ridge to develop permit conditions that Staff believes 16 

are reasonable and supported by information submitted in the docket.  These conditions 17 
will be presented to the Commission at the evidentiary hearing.  However, I will address 18 
a decommissioning condition and also a grouse lek monitoring condition at this time.  19 
The grouse lek monitoring condition would be unique to this project, as the Commission 20 
has not required a similar condition in past wind farm permits. 21 

 22 
Q.   Please explain the decommissioning condition. 23 
A. A decommissioning condition has not yet been agreed upon.  In response to Staff data 24 

request 3-9 (Exhibit_DK-2, page 562 of 626), Crowned Ridged agreed to a 25 
decommissioning financial assurance condition that requires the creation of an escrow 26 
account that will be funded at $5,000 per turbine per year.  This is consistent with past 27 
financial assurance requirements ordered by the Commission for other wind projects.  28 
There is, however, one material change that Crowned Ridge requests for the condition. 29 

 30 
Q.   What is the material change Crowned Ridge proposes for the decommissioning 31 

condition?  32 
A. Crowned Ridge proposes the following change to the condition: 33 
 34 
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  At least 60 30 days prior to commencement of commercial operation, 1 
Applicant shall file an escrow agreement with the Commission for 2 
Commission approval that provides a decommissioning escrow account 3 
or provide proof that an escrow meeting these requirements has been 4 
established pursuant to applicable county requirements. 5 

 6 
Q.   What is your understanding for this change?  7 
A. Through its zoning ordinance, Grant County may require an escrow account as a 8 

decommissioning financial assurance for wind energy systems.  The ordinance states: 9 
 10 

Financial Assurance. The Board shall require a performance bond, 11 
surety bond, escrow account, letter of credit, corporate guarantee or 12 
other form of financial assurance that is acceptable to the Board to cover 13 
the anticipated costs of decommissioning the WES facility. The financial 14 
assurance plan is subject to the following provisions:  15 
 16 

i. A decommissioning account is to be funded by the turbine 17 
owner annually at a rate of five thousand dollars ($5,000) per 18 
turbine for a period of thirty (30) years.  19 
 20 
ii. The Board may allow a decreased annual payment, if the 21 
Board determines the full rate as identified in the financial 22 
assurance plan is not necessary to cover costs of 23 
decommissioning.  24 
 25 
iii. All interest earned by any financial assurance account 26 
remains in the account.  27 
 28 
iv. A financial assurances statement is to be provided upon 29 
request to the administrative official.  30 
 31 
v. The financial assurance plan follows ownership of the wind 32 
turbines.  33 
 34 
vi. The financial assurances are not subject to foreclosure, lien, 35 
judgment, or bankruptcy.  36 
 37 
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vii. Beginning in year ten (10) following the beginning of 1 
operation and each fifth year thereafter, the turbine owner shall 2 
submit to the Board an estimated decommissioning date, if 3 
established, and estimated decommissioning costs and salvage 4 
values. Based on the verification of the information in this filing 5 
the Board may change the annual financial assurance funding 6 
rate to more closely match the estimated amount needed for 7 
decommissioning.  8 
 9 
viii. Funds from the financial assurances are to be paid to the 10 
turbine owner at the time of decommissioning. Said funds are to 11 
be paid as decommissioning costs are incurred and paid for by 12 
the turbine owner.  13 
 14 
ix. If the turbine owner fails to execute the decommissioning 15 
requirement, the funds are payable to the landowner as the 16 
landowner incurs and pays decommissioning costs.  17 
[Grant County Zoning Ordinance, Section 1211.04(10)(c)] 18 

 19 
 It is my understanding that if Grant County requires an escrow account be set up for the 20 

Crowned Ridge project, Crowned Ridge does not want to be put in the position of 21 
funding two different escrow accounts for the same purpose.   22 

 23 
Q.   What is Staff’s position on this change?  24 
A. Staff agrees that Crowned Ridge should not be required to fund two different escrow 25 

accounts to cover future decommissioning costs.  However, the requirements tied to the 26 
escrow account in the Grant County ordinance are different, in part, to the requirements 27 
the Commission has required for escrow accounts in other wind farm dockets.  Staff is 28 
concerned that deferring to Grant County’s escrow agreement may not include all 29 
requirements in the escrow agreement that the Commission desires and may not be 30 
subject to any protections created by recent decommissioning legislation (see Senate 31 
Bill 16 of Ninety-Fourth Session Legislative Assembly, 2019).   32 

 33 
 In addition, Codington County’s zoning ordinance does not specifically contemplate the 34 

use of an escrow account for decommissioning financial assurance.  The county may 35 
determine that an escrow agreement is an acceptable form of financial assurance, 36 
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however that determination is unknown at this time.  This leads to another concern Staff 1 
has, where wind turbines located in different counties may be subject to different escrow 2 
agreements.  The wind turbines in Grant County would be subject to the county’s escrow 3 
agreement and the wind turbines in Codington County would be subject to an escrow 4 
agreement established by the Commission. 5 

 6 
 Given Staff’s concerns above, it may be prudent for the Commission to require one 7 

escrow account be established subject to the terms the Commission desires for the 8 
entire project.   Grant and Codington counties could then accept the escrow account 9 
established by the Commission if it adequately protects their interests, or, the counties 10 
have the option to require additional financial assurance if desired. 11 

 12 
Q.   What is the grouse lek monitoring condition Staff proposes?  13 
A. Staff proposes the following condition: 14 
 15 

Applicant shall conduct two years of post-construction grouse lek 16 
monitoring of confirmed leks within 1 mile of wind turbine locations.  The 17 
survey shall be completed in accordance with a methodology developed 18 
between the Applicant and SD GF&P.  After each monitoring year, the 19 
Applicant shall file a report with the SD GF&P and Commission.   20 

 21 
Q.   What is Staff’s justification for requiring a grouse lek monitoring condition?  22 
A. The proposed condition comes from a recommendation made by the SD GF&P in Mr. 23 

Tom Kirschenmann’s testimony.  I will defer to Mr. Kirschenmann for further justification.  24 
It should be noted, however, that Figure 6 of the Application identifies seven leks within 25 
1 mile of a proposed turbine location.   26 

 27 
Q.   Does this conclude your testimony? 28 
A. Yes.  However, I reserve the right to amend my testimony through rebuttal testimony or 29 

at the evidentiary hearing if needed. 30 
 31 
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BEFORE THE PUBLIC UTILITIES COMMISSION  
OF THE STATE OF SOUTH DAKOTA 

_______________________________________________________________________ 
 
IN THE MATTER OF THE APPLICATION  ) 
BY CROWNED RIDGE WIND, LLC FOR A  )                  EL19-003 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES )    APPLICANT’S RESPONSES TO 
     )       STAFF’S FIRST SET OF DATA 
     )         REQUESTS TO CROWNED  
     )                  RIDGE WIND, LLC 
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Page 1 of 626
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1-1) Provide copies of all pleadings in any civil appeal associated with the county permit(s) 
related to this project. 
 
 
Response:   
Attached are all pleadings in any civil appeal associated with the county permit(s) related 
to this Project. 
 
 
Respondent:  Miles Schumacher, Attorney 

  

Exhibit_DK-2 
Page 2 of 626
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1-2)  See pages 75-78 of the Application.  Did Applicant measure setback distances from 
property lines and rights-of-way of public roads using the height of the tower, rather than 
the tower and blade tip? 

 
Response: 
 
The Applicant measured setback distances from property lines and rights-of-way of 
public roads using the total wind turbine height (height of the tower and blade tip).  
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager 
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1-3)  Confirm that the setbacks accounted for section line roads, which are defined as public 
highways pursuant to state law. 
 
 

Response: 
Confirmed.   
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager 
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1-4) Do the studies submitted with the Application, including but not limited to shadow and 

noise studies, account for the cumulative impact of both Crowned Ridge I and II and any 
other existing or planned project in the area? 
 
 
Response: 

Yes.  In Section 8 of the Application, we stated that:  

ARSD 20:10:22:13 states, “The environmental effects shall be calculated 
to reveal and assess demonstrated or suspected hazards to the health and 
welfare of human, plant and animal communities which may be 
cumulative or synergistic consequences of siting the proposed facility in 
combination with any operating energy conversion facilities, existing or 
under construction.” The Applicant is unaware of any other operating 
energy conversion facilities, existing or under construction, or other major 
industrial facilities under regulation within or adjacent to the Project Area. 
As such, no cumulative or synergistic consequences related to 
environmental effects contemplated by the regulation are known to exist 
for the proposed Project. The Applicant is aware that the Dakota Range 
Wind area located to the northwest of the Project has been permitted 
through the PUC, but not yet constructed. In addition, the Cattle Ridge 
Project also was permitted locally through Grant County and was 
subsequently acquired by the Applicant and is now included as part of the 
Project. 

 
The Applicant has also addressed the cumulative impacts of Crowned Ridge I and II on 
acoustic and shadow flicker results. For example, Section 3 of the Acoustic Report filed 
with the PUC application as Appendix H and Section 3 of the Shadow Flicker Report 
filed as Appendix I contain the following language excerpts: 
 

Acoustic (last paragraph of Section 3, page 6) 
 
Wind Turbines from Adjacent Projects: The Crowned Ridge II project is 
adjacent to the 
Crowned Ridge project. Because sound impacts are cumulative, there will 
be impacts from the Crowned Ridge II project that will be additive to the 
impacts from the Crowned Ridge project. The Crowned Ridge II wind 
turbine array was included in the model to capture the full sound impacts 
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on the receptors; however, the tabular results and the sound iso line map 
only show the sound emissions from the Crowned Ridge array. 

 
Shadow Flicker (third to last paragraph of Section 3, page 6): 

 
Wind Turbines from Adjacent Projects: The Crowned Ridge II project is 
adjacent to the Crowned Ridge project. Because shadow flicker impacts 
are cumulative, there will be impacts from the Crowned Ridge II project 
that will be additive to the impacts from the Crowned Ridge project. The 
Crowned Ridge II wind turbine array was included in the model to capture 
the full shadow flicker impacts on the receptors, which are included in the 
tabular results; however, the shadow flicker iso line maps only show the 
shadow flicker from the Crowned Ridge array. 
 

 
Respondent: Kim Wells, Environmental Services Manager 
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1-5) Has Applicant considered the cumulative impacts of this project and the Dakota Range 
project previously approved by the Commission for the same area?  Please explain. 
 
 
Response: 
The Applicant considered the cumulative effects of both the proposed Dakota Range 
turbines and Crowned Ridge I and II turbines on modeled levels of sound and shadow 
flicker. The Applicant used turbine coordinates for all 97 turbines of Dakota Range, 
including primary and alternate turbines for the V136 4.2MW technology with serrated 
blade edges provided by Dakota Range in their application and turbine sound 
specifications provided directly by Vestas to EAPC who performed the modeling under 
subcontract to SWCA.  The loudest noise level for that turbine with serrated edge blades 
is 103.9 dBA at 9 m/s and higher. An additional 2 dBA was added to the noise emission 
data, for a maximum of 105.9 dBA, consistent with the approach used for Crowned 
Ridge, and also the approach used by Epsilon for Dakota Range. 

The results indicate there were no exceedances for sound at any of the points of 
compliance for either county included in Crowned Ridge I modeling.  All non-
participating parcel boundaries in Codington County are below 50 dBA, all non-
participating structures in Codington County are at or below 45 dBA, and all participating 
structures in Codington are below 50 dBA.  All non-participating and participating 
structures in Grant are below 45 dBA.  The shadow flicker results show one exceedance 
at an occupied receptor, which is a non-participating farmstead (Crowned Ridge receptor 
ID CR1-C61-NP; Dakota Range receptor ID 1705) for the Crowned Ridge I project. The 
occupied receptor is a non-participating active farmstead for the Crowned Ridge I Project 
that would receive 49 hours and 6 minutes of shadow flicker. The contribution to flicker 
from the Dakota Range project for the non-participating active farmstead is 21 hr. and 24 
min. The contributing Dakota Range turbines are primary turbine, numbers 68 and 69.  
This receptor is located near the Crowned Ridge turbine CR1—16. 

 
Respondent:  Kim Wells, Environmental Services Manager 
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1-6) Has Applicant applied to the FAA for approval to utilize ADLS technology?  Provide 
copies of agency communication. 

 

 
Response: 
The Applicant intends to utilize ADLS technology for the Project. The Applicant is 
currently working with vendors to establish design requirements and will apply with the 
FAA for use of ADLS, once the FAA first provides its initial determination of no hazard 
which is expected in July 2019.  
 
 
Respondent:   Sam Massey, Director of Renewable Development 
   Tyler Wilhelm, Project Manager 
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1-7) Provide a copy of the contract/land use agreement signed by landowners, as well as any 
contracts that differ from the standard contract. 
 
 
Response: 
Confidential Attachment 1 represents the standard contract/land use agreement signed by 
the Project’s landowners.  Confidential Attachment 2 represents the land lease agreement 
that was associated with the development of the Cattle Ridge Wind Farm. The Applicant 
acquired the Cattle Ridge Wind Farm land lease agreements, which are leases used for 
this Project.   
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
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1-8) Does Applicant offer a “good neighbor” contract?  If so, provide a sample.   
 
 
Response: 
The Applicant interprets the question to ask whether it is providing non-participants 
compensation through a written agreement.  The Applicant has not executing agreements 
with non-participants.  As the Project proceeds, if there a specific need to mitigate an 
identified impact with a non-participant, the Application may entered into an agreement 
related to the implementation of the mitigation.  
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
 

 

 
 
 

  

Exhibit_DK-2 
Page 10 of 626

 
004952

ADMINISTRATIVE RECORD - Scan 2 - Page 42 of 449

- Page 126 -



1-9) Provide a copy of the PPA referenced on page 15 of the Application. 
 
 
Response: 
Confidential Attachment 1 is a copy of PPA executed between Northern States Power 
Company and Crowned Ridge Wind, LLC. 
 
 
Respondent:  Sam Massey, Director of Renewable Development 
                        Tyler Wilhelm, Project Manager 
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1-10) Did Applicant base its 30-hour per year shadow flicker limit on any factor other than 
county ordinance?  If so, provide support. 
 
 
Response: 
Yes, the Applicant consulted with Dr. Chris Ollson of Ollson Environmental Health 
Management to develop the Project with consideration of science-based, appropriate 
siting requirements, and the health and public welfare of all Project landowners. 
Attachment 1 contains a memorandum drafted by Dr. Ollson which supports the 
Applicant’s siting of the Project with a 30-hour per year shadow flicker limitation.   
 
 
Respondent:  Sam Massey, Director Renewable Development 
   Tyler Wilhelm, Project Manager and Dr. Chris Ollson 

 

 
 
 

  

Exhibit_DK-2 
Page 12 of 626

 
004954

ADMINISTRATIVE RECORD - Scan 2 - Page 44 of 449

- Page 128 -



1-11) Has Applicant reached out to non-participating landowners with shadow flicker levels 
approaching the maximum to mitigate the shadow flicker?  Explain.   
 
 
 
Response: 
The Applicant has reached out to all landowners, including non-participants, within a half 
mile of the Project Area to inform them of the Project.  The Applicant has hosted 
multiple public events and participated in all required public hearings to inform affected 
landowners of potential impacts from the Project, to include shadow flicker.  Any 
landowners who report a nuisance from shadow flicker will be offered mitigation 
landscaping and/or payments.  The Applicant will continue to engage with affected 
landowners to mitigate the potential impacts from the project. 
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager  
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1-12) In the testimony of Wilhelm and Massey, it is stated that 99% of all property rights have 
been obtained.  Explain the remaining 1%. 

 
 
Response: 
The remaining 1% pertains to one outstanding easement needed to host underground 
collection facilities. The Applicant is working actively with the landowner and anticipates 
obtaining the collection easement by March 31, 2019. 
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
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1-13) What capacity factor was assumed when calculating the predicted tax revenue? 

 
 
 
Response: 
The capacity factor was assumed when calculating the predicted tax revenue is set forth 
in Confidential Attachment 1. 
 
 
Respondent:  Sam Massey, Director of Renewable Development 
  Tyler Wilhelm, Project Manager 
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February 14, 2019  
 
South Dakota Public Utilities Commission 
Public Utilities Commission Staff 
Capitol Building, 1st Floor 
500 E. Capitol Ave. 
Pierre, SD 57501-5070 

RE: Scientific Basis for 30-Hour Shadow Flicker Standard used by Crowned Ridge 
Wind Farm 

Public Utilities Commission Staff: 

Since November 2016, Dr. Ollson of Ollson Environmental Health Management (OEHM) has 
been retained by NextEra Energy Resources (NEER) to aid in the proper siting of the Crowned 
Ridge Wind Farm in South Dakota. Over the past two years Deuel County, Codington County and 
Grant County have all undertaken updates to their local ordinances governing local siting of wind 
turbines. Throughout this time Dr. Ollson, on behalf of NEER, provided both written and oral 
presentations to their Planning and Zoning and County Commissions on science-based 
appropriate siting requirements to protect the health and welfare of county residents. 

OEHM has been asked to provide a response to the South Dakota Public Utilities Commission 
(PUC) Staff data request:  

“Did Applicant base its 30-hour per year shadow flicker limit on any factor other than 
county ordinance? If so, provide support.” 

This report summarizes the information that was provided to each county in development of local 
ordinances and its scientific basis.  

In summary, over the past decade there has been considerable research conducted around the 
world evaluating health concerns of those living in proximity to wind turbines. This independent 
research by university professors, consultants and government medical agencies has taken place 
in many different countries on a variety of models of turbines that have been in communities for 
numerous years. Based on scientific principles, and the collective scientific findings presented in 
research articles, OEHM believes that: 

1. Shadow flicker is not a health concern (e.g., seizure in photosensitive epileptics), 
rather it can be considered a nuisance by some non-participating project residents. 

2. There is no scientific evidence that shadow flicker impairs quality of life or is of 
particular nuisance for any duration of time. Limiting shadow flicker to no more than 
30-hours a year at non-participating residences is commonplace in those United 
States jurisdictions that have set standards. It has been effective to reduce 
complaints associated with those living in proximity to wind projects.   

All of the scientific journal articles have been attached to this report for the benefit of PUC Staff.  
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1 Qualifications of Dr. Christopher Ollson of OEHM 

Dr. Ollson is owner and a senior environmental health scientist with OEHM. His expertise is in the 
field of environmental health science.  Dr. Ollson is trained, schooled and practiced in the 
evaluation of potential risks and health effects to people and ecosystems associated with 
environmental issues.  

Dr. Ollson’s formal education includes: 

• Doctorate of Philosophy, Environmental Science, Royal Military College of Canada, 
Kingston, Ontario, Canada, 2003. 

• Master of Science, Environmental Science, Royal Military College of Canada, 
Kingston, Ontario, Canada, 2000. 

• Bachelor of Science (Honours), Biology, Queen’s University, Kingston, Ontario, 
Canada, 1995. 

In addition to his consulting practice he holds an appointment of Adjunct Professor in the School 
of the Environment at the University of Toronto. In 2013, he was appointed to the Governing 
Council, and was Vice-Chair of the Academic Affairs Committee, of the University of Toronto 
Scarborough until 2016. Dr. Ollson teaches a graduate course at the University of Toronto in 
Environmental Risk Analysis and co-supervises doctoral students. 

Approximately one third to half of Dr. Ollson’s practice on an annual basis has been devoted to 
better understanding the relationship between people, animals and wind energy. For almost a 
decade, he has been engaged by a number of private companies to review the potential health 
effects that may be associated with living in proximity to wind turbines as part of their preparation 
of planning and permitting documentation. He has published six peer-review scientific journal 
articles in the field. These research efforts were first published in a peer-reviewed scientific article 
entitled: 

Knopper, L.D. and Ollson, C.A. 2011. Health Effects and Wind Turbines: A Review of the 
Literature. Environmental Health. 10:78. Open Access. Highly Accessed.  

After its publication in September 2011 the journal quickly identified the article as “highly 
accessed”, it has been viewed over 49,000 times and cited in more than 30 other scientific 
articles.  

Dr. Ollson’s research has been presented at numerous international scientific conferences. He 
has been formally qualified to provide expert opinion evidence on wind turbines and potential 
health effects at a number of North American hearings, tribunals and legal cases.  

Dr. Ollson has appeared before numerous County Planning & Zoning and County Commissions, 
including in South Dakota, to provide an overview of potential health concerns during their 
deliberations on review of WES ordinances and granting Conditional/Special Use Permits for 
wind generating facilities. In addition, from 2014 to 2017, Dr. Ollson provided expert advice on 
wind turbines, health and proper siting requirements for the Vermont Public Services Department. 
He has also appeared before the Indiana State Senate Energy Committee Meeting on Wind 
Turbine Siting (2017) and twice before the North Dakota State Senate Energy and Natural 
Resources Committee (2017). 
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2 Crowned Ridge Wind Farm County Ordinance Requirements Limiting Shadow Flicker  

Table 1 provides a list of the county ordinances that are applicable to the Crowned Ridge Wind 
Farm. Codington County and Grant County have identical wording and requirements limiting 
shadow flicker to no more than 30 hour of actual shadow flicker at any school, church, business 
and occupied dwelling (regardless of participating or non-participating status). However, both 
have a provision to waive the requirement of no more than 30 hours a year with landowner 
agreement. 

Table 1. County Ordinances for Shadow Flicker 
County Ordinance 

Section 
Shadow Flicker Ordinance Requirement 

Codington 
County 

Section 
5.22.03.13 

Flicker Analysis. A Flicker Analysis shall include the duration and location of flicker 
potential for all schools, churches, businesses and occupied dwellings within a one (1) 
mile radius of each turbine within a project. The applicant shall provide a site map 
identifying the locations of shadow flicker that may be caused by the project and the 
expected durations of the flicker at these locations from sun-rise to sun-set over the 
course of a year. The analysis shall account for topography but not for obstacles such as 
accessory structures and trees. Flicker at any receptor shall not exceed thirty (30) hours 
per year within the analysis area.  

a.  Exception: The Board of Adjustment may allow for a greater amount of flicker than 
identified above if the participating or non-participating landowners agree to said amount 
of flicker. If approved, such agreement is to be recorded and filed with the Codington 
County Zoning Officer. Said agreement shall be binding upon the heirs, successors, and 
assigns of the title holder and shall pass with the land.  

Grant 
County 

Section 
1211.04.9 

Flicker Analysis. A Flicker Analysis shall include the duration and location of flicker 
potential for all schools, churches, businesses and occupied dwellings within a one (1) 
mile radius of each turbine within a project. The applicant shall provide a site map 
identifying the locations of shadow flicker that may be caused by the project and the 
expected durations of the flicker at these locations from sun-rise to sun-set over the 
course of a year. The analysis shall account for topography but not for obstacles such as 
accessory structures and trees. Flicker at any receptor shall not exceed thirty (30) hours 
per year within the analysis area.  

a.  Exception: The Board of Adjustment may allow for a greater amount of flicker than 
identified above if the participating or non-participating landowners agree to said amount 
of flicker. If approved, such agreement is to be recorded and filed with the Grant County 
Register of Deeds. Said agreement shall be binding upon the heirs, successors, and 
assigns of the title holder and shall pass with the land. 

 

Over the course of the past two years both Codington County and Grant County undertook a 
detailed and thorough review of their Wind Energy System (WES) ordinances. Their original 
ordinances did not include limitations on shadow flicker. On behalf of NEER, Dr. Ollson prepared 
numerous written submissions on proposed science-based ordinance changes, which included a 
recommendation of limiting shadow flicker to no more than 30-hours of actual shadow flicker a 
year at a non-participating residence. Dr. Ollson appeared at countless Planning & Zoning 
Commission hearings and a number of County Commissioner hearings to answer questions of 
both the public and the county officials. Ultimately, this limit was adopted by both jurisdictions.   
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3 Shadow Flicker Phenomenon and Model Predictions 

Shadow flicker occurs when interruption of sunlight by the wind turbine blades. Figure 1 was 
taken from Smedley et al. (2010) and demonstrates the shadow flicker phenomenon from wind 
turbines. Shadow flicker is unavoidable for wind turbines, however, it typically only occurs for a 
limited number of hours a year at a home. This is due to the fact that certain factors must be 
present:  

a. the sun must be in a precise 
location in the sky such that 
sunlight will cast a shadow from the 
wind turbine; 

b. the wind turbine must be in 
operation during this period (i.e., 
the wind must be of sufficient 
speed for the wind turbine to be 
operational); 

c. shadow will not be cast on overcast 
of cloud cover days; and, 

d. the shadow will typically not be 
cast any further than 10x the rotor 
diameter of the turbine to any 
appreciable extent. For most 
modern turbines this would mean 
shadow flicker would not extend 
past one mile.    

Shadow flicker most often occurs when the angle of the sun is lower in the horizon at sunrise and 
sunset. Although it can occur year round it is typically more frequent in the winter months when 
the sun’s angle is lower in the horizon. 

Although not all jurisdictions have shadow flicker regulations, conducting shadow flicker modeling 
has become common practice for proposed wind farm projects across the United States. There 
are several commercially available software packages, including WindPro that was used to model 
the Crowned Ridge Wind Farm (Crowned Ridge Wind Farm PUC Application – Appendix I 
Shadow Flicker Monitoring Report). 

All models initially calculate a “Worst Case or Astronomical” number of hours that a residence 
may experience shadow flicker. These numbers can then be adjusted to provide a “Realistic, 
Actual or Expected” number of hours of shadow flicker. It is important to distinguish between 
these scenarios, as some jurisdictions have adopted standards based on either astronomical or 
realistic shadow flicker hour predictions. 

Worst Case / Astronomical: The models consider that the sun is always shining during 
daytime hours, the wind turbines are always rotating, and the wind direction from each 
turbine is such that the wind turbine is always perpendicular to the residences so that 
shadows could be cast at the residences. This is a predicted extreme theoretical number 
hours that will not occur at any residence.  
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Realistic / Expected: The model is run in the astronomical mode and then the results 
are adjusted for percentage of monthly cloud cover (solar statistics) and operating hours 
of the wind project. Under these conditions shadow flicker will not be generated and it 
more accurately predicts the number of hours of shadow flicker at a residence. 

There are other obstructions that can limit both the Worst Case and the Realistic modeled 
numbers of shadow flicker. These include trees, shrubs, and other ancillary non-occupied 
structures (e.g., barns) that could interrupt the predicted shadow flicker at a home. Neither of the 
two reporting scenarios takes into account these types of obstructions at residential receptors. 
Another layer of conservatism is that models are set-up and run in the “greenhouse mode”. This 
means each residence is oriented to have omni-directional windows and thus it will produce more 
conservative results since it assumes that there is always a window in direct line of site of each 
wind turbine and the sun. 

The model outputs can show the exact days, the time of day, the duration and turbine of origin of 
shadow flicker. These values are then summed to provide the annual number of hours of shadow 
flicker predicted. For the Realistic scenario the percentage of cloud cover and operational 
downtime is used to adjust these values. The model will also provide the date, time and duration 
of shadow flicker caused by each turbine. 

4 Shadow Flicker is Not a Health Concern but can be a Nuisance  

In preparation of this report an updated search of both the primary scientific literature in PubMed 
and Google was conducted for wind turbine shadow potential health concerns, and report of 
annoyance or nuisance. Of this body of literature two of the published papers address shadow 
flicker. 

The main health concern that has been raised with shadow flicker is the potential risk of seizures 
in those people with photosensitive epilepsy. Photosensitive epilepsy affects approximately 5% of 
people with epilepsy where their seizures can be triggered by flashing light. The Epilepsy Society 
first investigated this issue in the United Kingdom in the late 2000s. They polled their members 
and determined that no one had experienced an epileptic seizure living or being in proximity to a 
wind farm from shadow flicker (Epilepsy Society, 2012). 

Following on from this informal polling, two of the United Kingdom’s academic experts in epilepsy 
published scientific research articles in the area. Harding et al. (2008) and Smedley et al. (2010) 
have published the seminal studies dealing with this concern.  Both authors investigated the 
relationship between photo-induced seizures (i.e., photosensitive epilepsy) and wind turbine 
shadow flicker. Both studies indicate that flicker from turbines that interrupt or reflect sunlight at 
frequencies greater than 3 Hz pose a potential risk of inducing photosensitive seizures in 1.7 
people per 100,000 of the photosensitive population.  For turbines with three blades, this 
translates to a maximum speed of rotation of 60 revolutions per minute (rpm). 

Large, modern, utility scale wind turbines spin at rates well below this threshold and are typically 
below 20 rpm. For example, the General Electric (GE) turbines being proposed for the Crowned 
Ridge Wind Farm have a maximum rotational speed of 15.6 rpm (0.78 Hz). Therefore, shadow 
flicker from these wind turbines is not at a flash frequency that could trigger seizures and not a 
concern.  
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The primary focus of the health-based research in proper siting of wind turbines has been 
focused on sound (audible, low frequency noise and infrasound). This is because exposure to 
shadow flicker is not commonly raised as a concern surrounding operating wind projects.  

In 2011, the Department of Energy and Climate Change (United Kingdom) released a 
consultant’s report entitled “Update of UK Shadow Flicker Evidence Base”. The report 
concluded that 

“On health effects and nuisance of the shadow flicker effect, it is considered that 
the frequency of the flickering caused by the wind turbine rotation is such that it 
should not cause a significant risk to health.  

Therefore, there is nothing in the scientific literature that suggests that shadow flicker should be 
limited to protect health.  

5 Shadow Flicker Guidelines to Reduce Nuisance or Annoyance from Shadow Flicker  

Two of the most comprehensive and widely cited published scientific review articles on this topic 
are Knopper & Ollson (2011) and McCunney et al. (2014). Both papers review the potential health 
impacts of shadow flicker and concluded that there are no health effects associated with this 
issue living in proximity to wind turbines. Knopper & Ollson (2011) concluded: 

“Although shadow flicker from wind turbines is unlikely lead to a risk of photo-
induced epilepsy there has been little if any study conducted on how it could 
heighten the annoyance factor of those living in proximity to turbines. It may 
however be included in the notion of visual cues. In Ontario it has been common 
practice to attempt to ensure no more than 30 hours of shadow flicker per 
annum at any one residence.” 

Since 2011, there has only been one study conducted that examined the potential for shadow 
flicker to lead to increased annoyance for those living near wind turbines. Health Canada recently 
completed the most comprehensive study of wind turbine health and annoyance issues of its kind 
in the world (Health Canada, 2014). In 2016, Health Canada published a paper “Estimating 
annoyance to calculated wind turbine shadow flicker is improved when variables associated with 
wind turbine noise exposure are considered” (Voicescu et al., 2016). By using questionnaires of 
over 1200 people living as close as 800 feet from a turbine they attempted to determine if they 
could predict the percentage of people that were highly annoyed by varying levels of hours of 
shadow flicker (SF) a year or number of minutes on a given day. However, although annoyance 
did tend to increase with increasing minutes a day they could not find a statistical relationship: 

“For reasons mentioned above, when used alone, modeled SFm results represent an 
inadequate model for estimating the prevalence of HAWTSF as its predictive strength is 
only about 10%. This research domain is still in its infancy and there are enough 
sources of uncertainty in the model and the current annoyance question to expect that 
refinements in future research would yield improved estimates of SF annoyance.” 

That said OEHM does believe that limits on shadow flicker are prudent to keep nuisance levels to 
a minimum at non-participating residences. A number of U.S. Counties and States have adopted 
various ordinances and rules limiting shadow flicker on non-participating land. A no more than 30 
hours of shadow flicker modeled on a residence has almost become the universally adopted 
standard. Erroneously this level of shadow flicker at homes has often been referred to as the 
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“Industry Standard”. It is not the wind turbine proponents that derived this standard, rather it is 
one that has been adopted in either national, state or local statute.  

The origins of this standard are traced to Germany in 2002. The German Territorial Committee for 
Emissions control released the document “Hinweise zur Ermittlung und Beurteilung der optischen 
Immissionen von Windenergieanlagen, Länderausschuss für Immissionsschutz [Notes on the 
identification and evaluation of optical emissions from wind turbines], (in German).” The standard 
was based on limiting the nuisance of local residents.  This level is often cited as being below one 
that would result in nuisance of local residents. They subsequently codified this formal shadow 
flicker guideline as part of the Federal Emission Control Act (Haugen, 2011). Similar standards to 
this have been adopted internationally with modifications for shadow flicker.  

Each jurisdiction that has adopted a shadow flicker restriction at non-participating residence has 
had to weigh what would be a reasonable level of shadow flicker that they believe would be 
acceptable and avoid complaints. This is clear from the Koppen et al. (2017) review of 
international standards for shadow flicker. They state: 

However, there are differences in the exact implementation, like the consideration of only 
the worst case, only the real case or both the worst and the real case shadow impact. 
Other common differences are the exact definition of shadow flicker sensitive receptors 
and the zone of influence which has to be considered. This can lead to considerable 
differences in energy production losses by a shadow flicker control module. 

Across the United States many jurisdictions have successfully adopted shadow flicker restrictions 
based on the “Realistic/Expected” scenario. The following are examples of state-wide legislation. 

North Dakota 

The North Dakota Public Service Commission requires effects from the impact upon light-
sensitive land uses to be managed and maintained at an acceptable minimum (N.D. 
Admin. Code §69-06-08-01(5)(c)(3)). The North Dakota Public Service Commission has 
recognized the 30-hour per year standard and evaluates shadow flicker impacts pursuant 
to this standard. Justification, similar to what is contained in this report, for continued use of 
this standard has been provided to the ND PSC during several recent wind project 
applications and hearings. 

Connecticut 

Similarly the Regulations of Connecticut State Agencies Section 16-50j-95, part (c) requires: 

Shadow flicker shall not occur more than 30 total annual hours cumulative at any off-site 
occupied structure location from each of the proposed wind turbine locations and any 
alternative wind turbine locations at the proposed site and any alternative sites.  

County Level Ordinances 

Counties across the Midwest have updated their wind turbine ordinances in recent years. There 
are numerous examples of counties that have adopted a no more than 30 hours of actual shadow 
flicker at non-participating homes, including Codington and Grant Counties. Similarly, on May 23, 
2017 Deuel County South Dakota adopted Ordinance B2004-1-23B, which provides: 

Limit for allowable shadow flicker at existing residences to no more than 30 hours 
annually.  
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Eliminating shadow flicker at non-participating homes does not afford any additional protection for 
health. Therefore, OEHM suggests that no more than 30 hours of shadow flicker a year at non-
participating residences is a reasonable limit to avoid annoyance or nuisance complaints. To put 
this in perspective it represents less than 0.5% of the daylight hours a year.  

This standard has a long history of success in many United States jurisdictions that have seen 
over a decade of wind farm operation. Shadow flicker at operating wind projects is rarely a source 
of complaint. In the very unlikely event of shadow flicker complaints there are a number of 
mitigation strategies that can be resolved between the companies and landowners.  

6 Conclusions 

Over the past decade there has been considerable research conducted around the world on the 
potential for wind turbines to adversely impact health. This independent research by university 
professors, consultants and government medical agencies has taken place in many different 
countries on a variety of models of turbines that have been in the community for a number of 
years. Based on scientific principles, and the collective findings of scientific articles, shadow 
flicker does not present a potential health threat. Numerous jurisdictions have adopted a no more 
than 30 hours a year restriction of total number of hours of actual shadow flicker at a non-
participating residence. This standard has a proven track record of reducing potential nuisance 
effects and should be considered by the South Dakota PUC when evaluating wind project 
applications. 

Sincerely,  

OLLSON ENVIRONMENTAL HEALTH MANAGEMENT 

 

 
 
Christopher Ollson, PhD 
Senior Environmental Health Scientist 
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Authenticated Electronic Legal Material 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Agency 
Connecticut Siting Council 

Subject 
Community Antenna Television and Telecommunications Towers 

Sec. 16-50j-l. 
Sec. 16-50j-la. 
Sec. 16-50j-2. 

Sec. 16-50j-2a. 
Sec. 16-50j-3. 
Sec. 16-50j-4. 
Sec. l 6-50j-5. 
Sec. 16-S0j-6. 
Sec. 16-S0j-7. 

Sec. 16-S0j-8. 
Sec. 16-50j-9. 
Sec. 16-50j-10. 
Sec. 16-S0j-11. 
Sec. 16-50j-12. 

Revised: 2015-11-5 

Inclusive Sections 
§§ 16-50j-l-16-50j-91 

CONTENTS 

Rules of Practice 

Article 1 

General Provisions 

Part 1 

Scope and Construction of Rules 

Description of organization 
Procedure governed 
Repealed 
Definitions 
Waiver of mies 
Constmction and amendment 
Computation of time 
Extensions of time 

Consolidation 

Part2 

Filing Requirements 

Office 
Date of filing 
Identification of communications 
Signatures 

Filing requirements 

R.C.S.A. §§ 16-50j-1- 16-50j-91 
- I -
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Sec. 16-50j-14. 

Sec. 16-50j-15. 

Sec. 16-50j-15a. 

Sec. 16-50j-15b. 

Sec. 16-50j-16. 

Sec. 16-50j-16a. 

Sec. 16-50j-l 7. 

Sec. 16-50j-18. 

Sec. 16-50j-19. 

Sec. 16-50j-20. 

Sec. 16-50j-21. 
Sec. 16-50j-22. 

Sec. l6-50j-22a. 

Sec. 16-50j-23. 

Sec. 16-50j-24. 

Sec. 16-50j-25. 

Sec. 16-50j-26. 

Sec. 16-50j-27. 

Sec. 16-50j-28. 

Sec. 16-50j-29. 

Sec. 16-50j-30. 

Sec. 16-50j-31. 

Sec. l 6-50j-32. 

Revised: 2015-11 -5 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

ARTICLE2 

CONTESTED CASES 

Pai-tl 

Parties, Limited Appearances, and Intervenors 

Designation of parties 

Application to be designated a party 

Application to be designated an intervenor 

Paiticipation by intervenor 

Limited appearance 

Procedure concerning added parties and intervenors 

Grouping of parties and intervenors 

Status of party and of intervenor 

Part2 

Hearing, General Provisions 

Grant of hearing 

Calendar of bearings 

Place of heatings 

Notice of hearings 

Representation of parties 

Conduct of proceedings 

Repealed 

Rules of conduct 

Part3 

Hearings, Procedure 

General provisions 

Record 

Filing of added exhibits 

Rules of evidence 

Order of procedure at hearings 

Limited number of witnesses 

Part4 

Hearings, Decision 

Filing of proposed findings of facts and briefs 

Final decision 

R.C.S.A. §§ 16-50j-l-16-50j-91 
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Sec. I 6-50j-33. 
Sec. l 6-50j-34. 

Sec. 16-50j-35. 
Sec. l 6-50j-36. 
Sec. 16-50j-3 7. 

Sec. l 6-50j-38. 
Sec. 16-50j-39. 
Sec. 16-50j-39a. 
Sec. 16-50j-40. 

Sec. 16-S0j-4 l. 
Sec. l 6-50j-42. 
Sec. 16-S0j-43. 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Repealed 
Original records 

ARTICLE3 

MISCELLANEOUS PROCEEDINGS 

Part 1 

Petitions Concerning Adoption of Regulations 

General rule 
Fom1 of petitions 
Procedure after petition filed 

Part2 

Petitions for Declaratory Rulings 

General rule 
Fi ling requirements 
Completeness review 
Procedure after petition filed 

Part3 

Miscellaneous Provisions 

Council investigations 
Procedure 
Intervention under the Environmental Protection Act of 
1971 

Sec. 16-5 0j-44. Transferability of certificates 
Sec. to-S0j-45-16-S0j-55. Reserved 

Sec. 16-S0j-56. 
Sec. 16-S0j-57. 
Sec. l 6-S0j-58. 

Sec. 16-50j-59. 

Revised: 2015-11-5 

ARTICLE4 

ENERGY FACILITIES 

Part 1 

Rules of Practice 

Finding 
Exemptions 
Notice of intent to install an exempt energy component 
and associated equipment 
Information required 

R.C.S.A. §§ 16-50j-l-16-50j-91 
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Sec. 16-50j-60. 

Sec. I 6-50j-61. 

Sec. l 6-50j-62. 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Part2 

Development and Management Plan 

Requirements for a Development and Management Plan 
(D&MPlan) 

Sec. 16-50j-63-16-50j-69. 

Elements of a D&M plan 

Repo1ting requirements 

Reserved 

ARTICLES 

Community Antenna Television and Telecommunications Towers 

Part 1 

Sec. 16-50j-70. 

Sec. 16-50j-71. 

Sec. 16-50j-72. 

Sec. 16-50j-73. 

Sec. 16-50j-74. 

Rules of Practice 

Repealed 

Finding 

Exceptions 

Notice of intent to erect an exempt tower and associated 
equipment 

Infmmation required 

Part2 

Development and Management Plan 

Sec. 16-S0j-75. 

Sec. l 6-50j-76. 

Sec. l 6-50j-77. 

Sec. 16-50j-78-16-50j-79. 

Requirement for a Development and Management Plan 
(D&Mplau) 

Elements of a D&M plan 

Repoliing requirements 
Reserved 

Rules of Practice 

Telecommunication Tower 

Sec. l 6-50j-80-l 6-50j-84. Repealed 

Telecommunication Tower Development and Management Plan 

Sec. 16-50j-85-16-50j-87. Repealed 

Sec. 16-50j-88. 

Revised: 2015-11-5 

Part3 

Tower Sharing 

Procedure governed 

- IV -
R.C.S.A. §§ 16-50j-1-16-50j-91 
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Sec. 16-50j-89. 
Sec. l 6-50j-90. 

Sec. 16-50j-91. 

Sec. 16-50j-92. 

Sec. 16-50j-93. 
Sec. 16-50j-94. 

Sec. 16-50j-95. 

Sec. 16-50j-96. 

Revised: 2015-11-5 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Requirements for tower sharing 
Completeness review 

ARTICLE6 

HAZARDOUS WASTE FACILITIES 

Procedure governed 
Application for a certificate of environmental compatibil
ity and public need 
Petition for a declaratmy mling 

Additional information required 
Considerations for decision 
R equirement for a Development and Management 
(D&M) Plan 

R.C.S.A. §§ 16-50j-1- 16-50j-91 
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Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Connecticut Siting Council 

Community Antenna Television and Telecommunications Towers 

Rules of Practice 

Article 1 

General Provisions 

Part 1 

Scope and Construction of Rules 

Sec. 16-S0j-1. Description of organization 
( a) General Course of Operations. 

§16-50j-J 

The Connecticut Siting Council (Council), formerly known as the Power Facility 
Evaluation Council, was established in the executive branch of the state government by 
Public Act 575 of the 1971 General Assembly. The Public Utility Environmental Standards 
Act (PUESA), Title 16, Chapter 277a of the Connecticut General Statutes, governs the 
operation of the Council. 

The Council is charged with: 
(]) balancing the need for adequate and reliable public utility services at the lowest 

reasonable cost to consumers with the need to protect the environment and ecology of the 
state and to minimize damage to scenic, historic, and recreational values; 

(2) providing environmental quality standards and criteria for the location, design, 
constrnction and operation of facilities for the fumishing of public utility services at least 
as stringent as the federal environmental quality standards and criteria, and technically 
sufficient to assure the welfare and protection of the people of the state; 

(3) encouraging research to develop new and improved methods of generating, storing, 
and transmitting electricity and fuel and of transmitting and receiving television and 
telecommunications signals with minimal damage to the environment; 

(4) promoting energy security; 

(5) promoting the sharing of towers for fair consideration wherever technically, legally, 
environmentally and economically feasible to avoid the unnecessary proliferation of towers 
in the state; 

(6) requiring annual forecasts of the demand for electric power, together with 
identification and advance plaiming of the facilities n eeded to supply that demand; and 

(7) facilitating local, regional, state-wide and interstate planning. 
(b) Public Participation. 
The public may participate in the Council process in one of two ways: through party or 

intervenor status, or through a limited appearance by submission of oral or written comments 
to the Council. Information describing the types of participation is discussed in depth on 
the Council website, available at www.ct.gov/csc. The Council's website provides 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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Regulations of Connecticut State Agencies 

TITLE t6. Public Service companies 

§J6-50j-Ja Connecticut Siting Council 

infonnation regarding pending and past proceedings, forms and instructions, and statements 
of policy. The public is welcome to contact Council staff and make requests for information 
during nonnal business hours from 8:30 AM to 4:30 PM each weekday except Saturdays, 
Sundays and holidays, either in person at the Council office located at IO Franklin Square, 
New Britain, CT 06051, by phone at (860) 827-2935, by fax at (860) 827-2950 or bye
mail at siting.council@ct.gov. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-la. Procedure governed 
Sections 16-50j-l to 16-50z-4, inclusive, of the Regulations of Connecticut State 

Agencies govern practice and procedure before the Connecticut Siting Council under the 
applicable laws of the state of C01mecticut and except where by statute otherwise provided. 
Additional regulations pe1taining to hazardous waste proceedings and pe1taining to low
level radioactive waste management proceedings appear in Title 22a of the Regulations of 

Connecticut State Agencies. 

(Effective September 7, 2012) 

Sec. 16-S0j-2. Repealed 

Repealed March 7, 1989. 

Sec. 16-50j-2a. Definitions 
As used in Sections l 6-50j-l to l 6-50z-4, inclusive, of the Regulations of Connecticut 

State Agencies, except as otherwise required by the context: 
(1) "Associated equipment" includes, but is not limited to: 
(A) any building, structure, fuel tank, backup generator, antenna, satellite dish, or 

technological equipment, including equipment intended for sending or receiving radio 
frequency signals that is a necessaiy component for the operation of a community antenna 
television tower or telecommunications tower; or 

(B) any building, structure, fuel tank, backup generator, transformer, circuit breaker, 
disc01mect switch, control house, cooling tower, pole, line, cable, conductor or emissions 
equipment that is a necessary component for the operation of an electric transmission line 
facility, fuel transmission facility, electric generating or storage facility, or electric substation 

or switchyard. 
(2) "Attorney" means an attorney at law, duly admitted to practice before the Superior 

Comt of the state of Connecticut. Any other person who appears before the Council in any 
contested case or petition for a declarat01y ruling shall be deemed to appear as the agent or 
representative of a person, firm, corporation, or association upon filing with the Council a 
written notification of appearance and the written authorization of the person, firm, 
corporation, or association being represented. 

(3) "Blade length" means the distance between the blade tip and the center of the hub of 

a wind turbine. 

R.C.S.A. §§ 16-50j-l- 16-50j-91 Revised: 2015-11-5 
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Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Connecticut Siting Council §16-50)-24 

(4) "Certificate" means a Certificate of Environmental Compatibility and Public Need 
as defined under Section l 6-50k of tbe Connecticut General Statutes or a Certificate of 
Public Safety and Necessity as defined under Section 22a-117 of the Connecticut General 
Statutes to be issued, denied, conditioned, limited, modified, or amended, in accordance 
with the disposition of applications authmized by law to be submitted to the Council. 

(5) "Chairperson" means the public member of the Council appointed pursuant to the 
_provisions of Section l 6-50j( d) of the Connecticut General Statutes. 

(6) "Collocation" means the mounting or installation of antennas and associated 
equipment on an existing tower or other structure for the pmpose of transmitting or receiving 
radio frequency signals for communications purposes that is unlikely to have a significant 
adverse environmental effect and does not increase the tower height. 

(7) "Component" means a pait of a mechanical or electrical system. 
(8) "Contested case" means a proceeding in the Council's disposition of matters 

delegated to its jurisdiction by law in which the legal rights, duties, or privileges of a party 
are determined by the Council after an opportunity for hearing in accordance with Section 
4-166(2) of the Connecticut General Statutes. 

(9) "Council" means the members of the Connecticut Siting Council appointed under 
section 16-50j(b) and section 16-50j( c) of the Connecticut General Statutes and refeITed to 
in Section 16-50j(d) and section 22a-115 of the Connecticut General Statutes. 

(10) "Customer-side distributed resources project" means a project designed to utilize 
"customer-side distributed resources," as defined in Section 16-1 of the Connecticut General 
Statutes. 

(11) "Facility" means A facility as defined in Section 16-50i(a) of the Connecticut 
General Statutes. 

(12) "Fuel" means a fuel as defined in Section 16a-17 of the Connecticut General 
Statutes. 

(13) "Grid-side distributed resources project" means a project designed to utilize "grid
side distributed resources," as defined in Section 16-1 of the Connecticut General Statutes. 

(14) "Hazardous waste facility" means land and appurtenances thereon or stmctures used 
for the disposal, treatment, management, storage or recovery of hazardous waste as these 
te1ms are defined in Section 22a-115 of the Connecticut General Statutes. 

(15) "Hearing" means a proceeding whereby witnesses may be examined, and oral or 
documenta1y evidence may be received. 

(16) "Hub" means the central part of a wind turbine that supports the turbine blades on 
the outside ai1d connects to the rotor shaft inside the nacelle. 

(17) "Intervenor" means a person other than a party, granted status as an intervenor by 
the Council in accordance with Section l 6-50n of the Connecticut General Statutes. 

(18) "Limited appearance" meai1s the type of participation in a contested case, and the 
rights prescribed therefor in accordance with the provisions of Sections 22a-l 20(b) and l 6-
50n( t) of the Connecticut General Statutes. 

(19) "Modification" means a significant change or alteration in the general physical 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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§16-5Qj-2a 

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Connecticut Siting Council 

characteristics of a facility, including, but not limited to, design, capacity, process or 
operation that the Council deems significant, except where a modification involves a 
temporary facility as determined by the Council. 

(A) As defined pertaining to a hazardous waste facility "modification" means: 
(i) any change or alteration in the design, capacity, process or operation of an existing 

hazardous waste facility requiring a new permit from the Commissioner of the Department 
of Energy and Environmental Protection pursuant to chapter 445, 446d, or 446k of the 
Connecticut General Statutes, that the Council deems significant, or 

(ii) any change or alteration in the approved design, capacity, process or operation of a 
hazardous waste facility constrncted or operating pursuant to chapter 445 of the Connecticut 
General Statutes that the Counci I deems significant. Such change or alteration may include, 
but is not limited to, a change or alteration in the volume or composition of hazardous waste 
managed at such facility. The routine maintenance, repair, or replacement of the individual 
components at a hazardous waste facility that is necessa1y for normal operation or a change 
or alteration at a hazardous waste facility ordered by a state official in the exercise of his or 
her statutory authority shall not be deemed to be a modification. 

(B) As defined pertaining to a low-level radioactive waste management facility, 
"modification" means any change or alteration in the approved design, capacity, process or 
operation of a low-level radioactive management facility constructed or operating pursuant 
to the provisions of the Northeast Interstate Low-Level Radioactive Waste Management 
Compact, Sections 22a-161, et seq. of the Connecticut General Statutes. 

(20) "Municipality" means a city, town or borough of the state, and "municipal" has a 
cmrelative meaning. 

(21) "Nacelle" means the strncture at the top of a wind turbine tower behind or in front 
of the wind turbine blades that houses the key operational components of the wind turbine 
including, but not limited to, the rotor shaft, gearbox, controller, brake and generator. 

(22) "Patty" means each person entitled to be a party in a contested case pursuant to the 
provisions of Section 16-50n(a) of the Connecticut General Statutes, or in the event of a 
hazardous waste facility proceeding, pursuant to the provisions of Section 22a-120(a) of 
the Connecticut General Statutes. 

(23) "Person" means any person as defined in Section 16-50i of the Connecticut General 
Statutes except for proceedings under Chapter 445. For proceedings under Chapter 445, 
"person" means any person as defined in Section 22a- 115 of the Connecticut General 
Statutes. 

(24) "Presiding Officer" means the Chairperson of the Connecticut Siting Council, or 
the Chairperson's designee. 

(25) "Regional Low-Level Radioactive Waste Management Facility" or "Low-Level 
Radioactive Waste Management Facility" means a facility to be located in Connecticut, 
including the land, buildings, equipment, and improvements authorized by the Northeast 
Interstate Low-level Raclioactive Waste Commission to be used or developed for the receipt, 
treatment, storage, management or disposal of the low-level radioactive wastes generated 

R.C.S.A. §§ 16-50j-l-16-50j-91 Revised: 2015-11-5 
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TITLE 16. Public Service companies 

Connecticut Siting Council §16-5Qj-3 

within the patty states to the Nmiheast Interstate Low-level Radioactive Waste Management 
Compact as these te1ms are defined in Section 22a-161 of the Connecticut General Statutes. 

(26) "Renewable Energy Sources" include, but are not limited to, solar photovoltaic, 
solar the1mal, wind, ocean thermal, wave or tidal, geothermal, landfill gas, hydropower or 
biomass. 

(27) "Rotor" means the part of a wind turbine that consists of the blades and the hub. 
(28) "Shadow flicker" means the intennittent shadows created by the wind turbine blades 

passing through the light of the sun. 
(29) "Site" means a contiguous pai·cel ofprope1ty with specified boundaries, including, 

but not limited to, the leased area, right-of-way, access and easements on which a facility 
and associated equipment is located, shall be located, or is proposed to be located. 

(30) "Tower" means a structure, whether free standing or attached to a building or 
another structure, that has a height greater than its diameter and that is high relative to its 
smi-oundings, or that is used to support antennas for sending or receiving radio frequency 
signals, or for sending or receiving signals to or from satellites, or any of these, which is or 
is to be: 

(A) used principally to support one or more antennas for receiving or sending radio 
frequency signals, or for sending or receiving signals to or from satellites, or any of these, 
and 

(B) owned or operated by the state, a public service company as defmed in Section 16-
1 of the Connecticut General Statutes, or a ce1tified telecommunications provider, or used 
in a cellular system, as defined in Section 16-50i(a) of the Cmmecticut General Statutes. 

(31) "Tower Base" means the top of the foundation or equivalent surface that shall bear 
the ve1tical load of a tower. 

(32) "Tower Height" means the measurement from ground level to the highest point on 
the tower; 

(33) 'Tower Share" means collocation on a facility in accordance with Section I 6-S0aa 
of the Connecticut General Statutes. 

(34) "Wind turbine" means a device that converts wind energy to electricity. 
(35) "Wind turbine height" means the measw·ement from ground level to the tip of the 

blade of a wind turbine in the ve1iical position. 
(36) "Wind turbine tower" means the base structure that supp01is a wind turbine rotor 

and nacelle. 
(37) "Wind turbine tower base" means the top of the foundation or equivalent surface 

that shall bear the load of a wind turbine tower. 
(38) "Wind turbine tower height" means the measurement from ground level to the top 

of the hub. 

(Effective March 7, 1989; Amended September 7, 2012; Amended May 9, 2014) 

Sec. 16-S0j-3. Waiver of rules 
Where good cause appears, the council may permit deviation from these rules, except 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-1- 16-50j-91 
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TITLE 16. Public Service companies 

§16-50)-4 Connecticut Siting Council 

where precluded by statute. 

(Effective July 3, 1972) 

Sec. 16-S0j-4. Construction and amendment 
These rules shall be so construed by the council as to secure just, speedy, and inexpensive 

determination of the issues presented hereunder. Amendments and additions to these rules 
may be adopted by the council in accordance with the authority delegated to the council by 

law. 

(Effective March 7, 1989) 

Sec. 16-S0j-S. Computation of time 
Computation of any period of time referred to in these rules begins with the first day 

following that on which the act which initiates such period of time occurs. The last day of 
the period so computed is to be included unless it is a day on which the office of the Council 
is closed, in which event the period shall run until the end of the next following business 
day. When such peiiod of time, with intervening Saturdays, Sundays and legal holidays 
counted, is five days or less, said Saturdays, Sundays and legal holidays shall be excluded 
from the computation; otherwise such days shall be included in the computation. The 
Council shall follow the state holiday calendar for such computations of time. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-6. Extensions of time 
In the discretion of the council, for good cause shown, any time limit prescribed or 

allowed by these rules may be extended insofar as such extension is not precluded by statute. 
All requests for extensions of time shall be made before the expiration of the period 
originally prescribed or as previously extended. All parties shall be notified of the council's 
action upon such motion. 

(Effective August 16, 1979) 

Sec. 16-S0j-7. Consolidation 
Proceedings involving related questions of law or fact may be consolidated at the 

direction of the council. 

(Effective July 3, 1972) 

Part 2 

Filing Requirements 

Sec. 16-S0j-8. Office 
The principal office of the Council is located at 10 Franklin Square, New Britain, 

Connecticut 06051. The office of the Council is open from 8:30 a.m. to 4:30 p.m. each 

R.C.S.A. §§ 16-50j-l-16-50j-91 Revised: 2015-11-5 
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Connecticut Siting Council 

weekday except Saturdays, Sundays, and legal holidays. 

(Effective March. 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-9. Date of filing 

§16-50)-12 

All orders, decisions, findings of fact, correspondence, motions, petitions, applications, 
and any other documents governed by these mles shall be deemed to have been filed or 
received on the date on which they are issued or received by the cow1cil at its principal 
office. 

(Effective August 16, 1979) 

Sec. 16-S0j-10. Identification of communications 
Communications should embrace only one matter, and should contain the name and 

address of the communicator and tbe appropriate proceeding reference, if any there be, 
pertaining to the subject of the communication. When the subject matter pertains to a 
pending proceeding, the title of the proceeding and the docket or petition number should 
be given. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-11. Signatures 
Every application, notice, motion, petition, complaint, brief, and memorandum shall be 

signed by the filing person or by one or more attorneys in their individual names on behalf 
of the filing person. 

(Effective August 16, 1979) 

Sec. 16-S0j-12. Filing requirements 
(a) Copies. 
Except as may be otherwise required by these rules or by any other rules or regulations 

of the Council or ordered or expressly requested by the Council, at the time motions, 
petitions, applications, documents, or other papers are filed with the Council, there shall be 
furnished to the Council an original of such papers. In addition to the original, there shall 
also be filed 20 copies for the use of the Council and its staff, unless a greater or lesser 
number of such copies is expressly requested by the Council. An electronic version of the 
document may also be filed by e-mail if the paiiies and intervenors are reasonably able to 
do so. Electronic filing at siting.council@ct.gov is strongly encouraged. 

(b) Forms. 
Except for such forms as may from time to time be provided by the Council and used 

where appropriate, motions, petitions, applications, documents, or other papers filed for the 
pw-pose of any proceeding before the Council shall be printed or typewritten on paper cut 
or folded to letter size, 8 to 8½ inches wide. Width of margins shall be not less than one 
inch. The printed materials may be submitted double-sided and 1.5-line spaced. Maps, charts 
and other pictorial exhibits shall be submitted on only one side of the paper. All copies shall 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-1-16-50j-91 
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be clear and pennanently legible. All such filings shall. be sequentially paginated. 

(c) Filing. 
All motions, petitions, applications, documents, or other papers relating to matters 

requiring action by the Council shall be filed at the office of the Council, IO Franklin Square, 
New Britain, Connecticut 06051. 

( d) State Agency Notification. 
Pursuant to Section 8 of Public Act 07-242, each application shall be accompanied by 

proof of service of a copy of the application on the Department of Emergency Management 
and Homeland Security, or its successor agency, and any other state or municipal body as 
the Council may require, in addition to proof of service of a copy of the application on the 
enumerated departments under Section 16-50/(b )(6) of the Connecticut General Statutes. 
The Council shall consult with and solicit comments from the Department of Emergency 
Management and Homeland Security, or its successor agency, and any other state agency 
as the Council may require, in the same manner as the Council consults with and solicits 
comments from the enumerated departments under Section 16-50j(h) of the Connecticut 
General Statutes. The Council shall request state agency comments at the time a hearing 
notice is published and at the conclusion of a public hearing. 

(e) Service List. 
The Council shall prepare and make available a service list for each prnceeding. Persons 

on the service list may elect to receive documents by e-mail or by U.S. Mail. Each service 

list shall: 
(1) contain the name of each party, intervenor and participant in the proceeding and the 

date upon which status was granted; 
(2) contain the names and addresses of the representatives of each paity, intervenor and 

participant in the proceeding, if applicable; 
(3) indicate whether each patty, intervenor and participant has elected to be served bye.. 

mail; and 
(4) provide the e-mail address of every person in the proceeding who has elected to be 

served by e-mail. 
(t) Service requirements. 
(1) Eve1y person shall serve a copy of a filed document to eve1y person on the service 

list of the proceeding in which the document is to be filed. This subsection shall not apply 
to the filing ofproprieta1y or critical energy infrastrncture information for which a protective 
order may be sought. 

(2) Each document presented for filing shall contain the following certification: "I hereby 
cetiify that a copy of the foregoing document(s) was/were (method of service) to the 
following service list on (date)." Signature and printed name. 

(Effective March 7, 1989; Amended September 7, 2012) 

R.C.S.A. §§ l6-50j-l-16-50j-91 Revised: 2015-11-5 
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ARTICLE2 

CONTESTED CASES 

Part 1 

Pa1·ties, Limited Appearances, and lntervenors 

Sec. 16-S0j-13. Designation of parties 

§16-50)-15 

In issuing the notice of hearing, the Council shall name as parties those persons 
enumerated in and qualifying under Section 16-50n(a), subdivisions (1) to (3), inclusive, 
of the Connecticut General Statutes. In the event of a hazardous waste facility proceeding, 
the Council shall name as parties those persons enumerated in and qualifying under Section 
22a-120(a) of the Connecticut General Statutes. Any person named as a party may decline 
or withdraw such status upon notifying the Council in writing of their intent not to 
paiticipate as a party. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-14. Application to be designated a party 
(a) Filing of petition. 
Any person wbo proposes to be named or admitted as a party to any proceeding pursuant 

to Section 4-l 77a of the Connecticut General Statutes may file a written petition to be so 
designated at least five days before the hearing. The five day filing requirement may be 
waived upon a showing of good cause. 

(b) Contents of petition. 
The petition shaJl state the name and address of the petitioner. It shall state facts that 

demonstrate that the petitioner's legal rights, duties or privileges shall be specifically 
affected by the Council's decision in the proceeding pursuant to Section 4-177a of the 
Connecticut General Statutes. It shall state the contention of the petitioner concerning the 
issue of the proceeding, the relief sought by the petitioner, and the statutory or other 
authority therefor, and the nature of the evidence, if any, that the petitioner intends to present 
in the event that the petition is granted. 

(c) Designation as party. 
The Council shall consider all such petitions and shall name or admit as a patty at1y p erson 

who is required by law to be a patty and any other person whose legal rights, duties, or 
privileges shall be specifically affected by the Council's decision in the proceeding. Any 
person named or admitted as a party may decline or withdraw such status at any time upon 
notifying the Council in writing of his or her intent not to participate as a patty. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-15. Application to be designated an intervenor 
( a) Filing of petition. 

Revised: 20 I 5-11-5 R.C.S.A. §§ 16-50j-l-16-50j-91 
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Any person who proposes to be named or admitted as an intervenor in any proceeding 
pursuant to Section 4-l 77a of the Connecticut General Statutes may file a written petition 
to be so designated at least five days before the date of the hearing. The five day filing 
requirement may be waived upon a showing of good cause. 

(b) Contents of petition. 
The petition shall state the name and address of the petitioner. It shall state facts that 

demonstrate the petitioner's participation shall :furnish assistance to the Council in resolving 
the issues in the proceeding, is in the interests of justice and wi11 not impair the orderly 
conduct of the proceedings pursuant to Section 4-177a of the Connecticut General Statutes. 
The petition shall provide a summary of the petitioner's contentions concerning the issues 
in the proceeding; the relief sought by the petitioner in the proceeding and the legal authority 
therefor; and the nature of the evidence, if any, that the petitioner intends to present in the 
event that the petition is granted. 

(d) Designation as intervenor. 
The Council shall detennine the proposed intervenor 's participation in the proceeding, 

taking into account whether such participation will furnish assistance to the Council in 
reso1ving the issues of the case, is in the interests of justice, and will not impair the orderly 
conduct of the proceedings. Any person named or admitted as an intervenor may decline or 
w ithdraw such status at any time upon notifying the Council in writing of his or her intent 
not to participate as an intervenor. 

(Effective March 7, 1989; .Amended September 7, 2012) 

Sec. 16-50j-15a. Participation by intervenor 
The Council may limit the intervenor's participation pursuant to Section 4-l 77a of the 

Connecticut General Statutes, to designated issues in which the intervenor has a padicular 
interest; to defined categories of records, physical evidence, papers and documents; to 
introduce evidence; and to cross examine on designated issues. The presiding officer may 
further limit the participation of an intervenor in the proceedings so as to promote the orderly 
conduct of the proceedings. 

(Effective March 7, 1989; .Amended September 7, 2012) 

Sec. 16-50j-15b. Limited appearance 
(a) Status of Limited Appearance. 
Pursuant to Section 4-177 and Section 16-50n of the Connecticut General Statutes, prior 

to, during or not later than 30 days after the close of a hearing, any person may make a 
limited appearance. All mal and written limited appearance statements shall become pait 
of the record. No person making a limited appearance shall be a patty or intervenor, or shall 
have the right to cross-examine witnesses, parties or intervenors. No party or intervenor 
shall have a right to cross-examine a person making a limited appearance. The Council may 
require a limited appearance statement to be given under oath. 

(b) Form of Limited Appearance. 

R.C.S.A. §§ 16-50j-l- 16-50j-91 Revised: 2015-11-5 
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A limited appearance may be made in the following fo1ms: 

§16-50)-17 

(I) a wiitten statement submitted to the Council prior to, dming or after the close of a 
hearing; or 

(2) an oral statement made dming the public comment session of a hearing held after 
6:30 PM pmsuant to Section 16-50m of the Connecticut General Statutes. 

(Effective May 28, 1985; Amended September 7, 2012) 

Sec. 16-S0j-16. Procedure concerning added parties and intervenors 
(a) During proceeding. 
In addition to the designation of parties and intervenors in the initial notice and in 

response to petition, the Council may add parties and intervenors at any time dming the 
pendency of any proceeding. 

(b) Notice of designation. 
In the event that the Council shall name or admit any party or intervenor after service of 

the initial notice of hearing in a proceeding, the Council shall give written notice thereof to 
all parties or intervenors theretofore named or admitted. The form of the notice shall be a 
copy of the order of the Council naming or admitt_ing such added party or intervenor and a 
copy of any petition filed by such added party or intervenor requesting designation as a 
party or intervenor. Service of such notice shall be in the manner provided in these rules. 

(c) Participation by added parties and intervenors. 
Any person granted party or intervenor status is responsible for obtaining and reviewing 

all materials for the proceeding, including, but not limited to, any notices, orders, filings, 
or other docwnents filed or issued in the proceeding prior to the Council 's designation of 
the person as a party or intervenor. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-50.i-16a. Grouping of parties and intervenors 
Pursuant to Section l 6-50n of the Connecticut General Statutes, the Council may, in its 

discretion, provide for the grouping of paiiies and intervenors with the same interests. Any 
party or intervenor who has been included in a group may elect not to be a member of the 
group by submission of written notice to the Council. 

(Effective September 7, 2012) 

Sec. 16-S0j-17. Status of party and of intervenor 
(a) Party as party in interest. By its decision in a proceeding, the council shall dispose 

of the legal 1ights, duties, and privileges of each party named or admitted to the proceeding. 
Each such party is deemed to be a party in interest who may be aggrieved by any final 
decision, order, or mling of the council. 

(b) Status of intervenor. No grant of leave to pai1icipate as an intervenor shall be 
deemed to be an expression by the council that the person pennitted to intervene is a party 
in interest who may be aggrieved by any final decision, order, or ruling of the council unless 

Revised: 2015-11-5 R.C.S .A. §§ 16-50j-l-16-50j-91 
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such grant of leave explicitly so states. 

(Effective March 7, 1989) 

Part2 

Hearing, General Provisions 

Sec. 16-S0j-18. Grantofhcaring 
A hearing shall be held, where required by law, on all applications submitted pursuant to 

sections 16-501 to l 6-50q, inclusive, of the Connecticut General Statutes, upon appeal as 
provided for in Section 16-50x(d) of the Connecticut General Statutes, on any petition for 
a declaratory rnling that the Council orders to be set for specified proceedings pursuant to 
Section 4-176 of the Connecticut General Statutes, and on any petition for a declaratory 
rnling for a wind turbine facility submitted pursuant to Section 16-50k of the Connecticut 
General Statutes. In the event of a hazardous waste facility proceeding, a bearing shall be 
held on all applications submitted pursuant to Sections 22a-ll 7 to 22a-122, inclusive, of 

the Connecticut General Statutes. 

(Effective March 7, 1989; Amended September 7, 2012; Amended May 9, 2014) 

Sec. 16-S0j-19. Calendar of hearings 
A docket of all proceedings of the council shall be maintained. In addition a heai-ing 

calendar of all proceedings that are to receive a hearing shall be maintained. Proceedings 
shall be placed on the hearing calendar in the order in which the proceedings are listed on 
the docket of the council, unless otherwise directed by the council. 

(Effective August 16, 1979) 

Sec. 16-S0j-20. Place of hearings 
Hemings shall be held at times and locations specified by the Council pursuant to Sections 

16-50m and 22a-119 of the Connecticut General Statutes. 

(Effective March 7, 1989;Amended September 7, 2012) 

Sec. 16-S0j-21. Notice of hearings 
(a) Persons notified. 
(1) Not later than one week after the fixing of the date, or not less than 30 days prior to 

a hearing date, whichever is later, the Council shall, mail written notice of a hearing in any 
pending matter to all parties and intervenors, to all persons or groups of parties othe1wise 
required by statute to be notified, to such other persons as have filed with the Council their 
written request for notice of hearing in a patiicular matter, and to such additional persons 
as the Council directs. The Council shall give notice by newspaper publication and by such 
other means as it deems appropriate and advisable. 

(2) The newspaper publication shall be published as specified in Section 16-50m(c) of 

R.C.S.A. §§ 16-50j-1-16-50j-91 Revised: 2015-11-5 
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the Connecticut General Statutes. 

§16-50j-22a 

(3) The applicant or petitioner shall post a sign that is visible to the public at least 10 
days prior to the public hearing not less than six feet by four feet at or in the vicinity of 
where the proposed facility would be located informing the public of the name of the 
applicant or petitioner, the type of facility, the hearing date and location, and contact 
infonnation for the Council. 

(4) The applicant or petitioner shall provide notice of the date on or about which the 
application or petition will be filed with the Council to each person appearing of record as 
an owner of property that abuts the primary or alternative sites on which the proposed 
facility would be located. Pursuant to Section 16-501 of the Connecticut General Statutes, 
applicants shall publish notice of the date on or about which the application will be filed 
with the Council in such newspapers that will serve to substantially inform the public. The 
applicant or petitioner shall provide a copy of such proof of notice and publication, as 
applicable, in the application or petition that is submitted to the Council. 

(b) Contents of notice. Notice of a hearing shall include, but shall not be limited to, the 
following: 

( 1) a statement of the time, place, and nature of the hearing; 
(2) a statement of the legal authority and jurisdiction under which the hearing is to be 

held; 

(3) a reference to the particular sections of the statutes and regulations involved; 
(4) a short and plain statement of fact describing the nature of the hearing and the 

principal facts to be asserted therein; and 

(5) the date, place and time for any scheduled field reviews of the proposed site by the 
Council. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-22. Representation of parties 
Each person making an appearance before the Council as an attorney, agent, or 

representative of any person, firm, corporation, or association subject to the Council's 
regulatory jurisdiction in connection with any contested case or petition for a declaratory 
ruling shall promptly notify the Council in writing in order that the same may be made a 
pait of the record of the contested case or petition for a declai·atory ruling. 

(Effective August 16, 1979; Amended September 7, 2012) 

Sec. 16-50j-22a. Conduct of proceedings 
(a) Procedural Conferences. 
The Council may schedule a procedural conference either on its own initiative or upon 

written request by a party or intervenor. At such conference, the Council shall consider 
matters including, but not limited to: 

(1) The schedule for the proceeding; 

(2) The exchange of pre-hearing interrogatories and pre-filed testimony, exhibits, witness 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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lists and items to be administratively noticed in the proceeding; 
(3) The location(s) of the sign(s) to be erected pursuant to Section 16-50j-2l(a)(3) of 

the Regulations of Com1ecticut State Agencies; and 
( 4) Any other matters that may facilitate the proceeding. 
(b) Motions. 
Any party or intervenor may request that the Council take any action by filing a motion 

which clearly states the action sought and the grounds therefor. Any motions concerning 
jurisdictional matters shall be made in writing and shall be considered during a regular 
Council meeting either prior to or after a hearing, if a hearing is held, for the convenience 
of the public. Motions may be filed in writing not less than 10 days before a hearing or 
made during a hearing, if a hearing is held. A party or intervenor may file a written response 
not less than 7 days before a hearing or respond orally during a hearing, if a hearing is held. 
If a hearing is not held, written motions shall be filed and responded to in accordance with 
a schedule specified by Council staff. A copy of all written motions shall be served upon 
the service list. 

( c) Discovery. 
The purpose of discovery is to provide the Council, patties and intervenors access to all 

relevant information in an efficient and timely manner to ensure that a complete and accurate 
record is compiled. Parties and intervenors may serve written inf01mation requests only 
during the time specified by the Council. The Council may serve written information 
requests on any patty or intervenor to the proceeding at any time. The presiding officer may 
subpoena witnesses and require the production of records, physical evidence, papers and 
documents to any hearing held in a contested case pursuant to Section 4- l 77b of the 
Connecticut General Statutes. Responses to inf01mation requests shall be separately and 
fully answered under the penalties of perjury by the witness who shall testify during the 
hearing as to the content of the response. Objections to information requests may be 
submitted in lieu of a response. 

( d) Protective Orders. 
Pursuant to Section 16-500 and Section 16-50r of the Connecticut General Statutes, any 

party or intervenor may file a motion for a protective order in accordance with the filing 
procedures of the Council for the following types of infonnation: 

(I) Trade secrets and commercial or financial information as described under Section 1-
21 0(b) of the Connecticut General Statutes; or 

(2) Critical energy infrastructure information defined as specific engineering, 
vulnerability or detailed design infonnation about proposed or existing critical infrastructure 
that: 

(A) relates to details about the production, generation, transportation, transmission or 
distribution of energy; 

(B) could be useful to a person in planning an attack on critical infrastructure; 
(C) is exempt from mandatory disclosure under Section l-210(b) of the Connecticut 

General Statutes; and 

R.C.S.A. §§ 16-50j-l- 16-50j-9l Revised: 2015-11-5 
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(D) does not simply give the general location of critical infrastructure. 

(Effective September 7, 2012) 

Sec. 16-S0j-23. Repealed 

Repealed March 7, 1989. 

Sec. 16-S0j-24. Rules of conduct 

§16-50}-26 

Where applicable, the canons of professional ethics and the canons of judicial ethics 
adopted and approved by the judges of the superior comt govern the conduct of the council, 
state employees serving the council, and all attorneys, agents, representatives, and any other 
persons who shall appear in any proceedings or in any contested case before the council in 
behalf on any public or private person, firm, corporation, or association. 

(Effective August 16, 1979) 

Part3 

Hea1·ings, Procedure 

Sec. 16-S0j-25. General provisions 
(a) Purpose of hearing. 
The purpose of the hearing in a contested case or a petition for a declarat01y ruling shall 

be to provide all patties an opportunity to present evidence and cross-examine all issues to 
be considered by the Council and to provide all intervenors an opportunity to present 
evidence and cross-examine such issues as the Council pennits. 

(b) Uncontested disposition of case. 
Unless precluded by law, any contested case may be resolved by stipulation, agreed 

settlement, consent order, or default upon order of the Council. Upon such disposition, a 
copy of the order of the Council shall be served on each party and intervenor. 

(c) Pre-Filed Evidence and Testimony. 
At the discretion of the Council, any evidence or testimony may be required to be pre

filed by a date specified by the Council. All pre-filed evidence and testimony shall be 
received in evidence with the same force and effect as though it were stated orally by the 
witnesses, provided that each such witness shall be present at the hearing at which such 
prepared written testimony is offered, shall adopt such written testimony under oath, and 
shall be made available for cross-examination as directed by the Council. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-26. Record 
(a) The record in each contested case and petition for declarat01y ruling shall be 

maintained by the Council in the custody of the Council's designee and shall include the 
following: 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-1- 16-50j-91 
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( 1) any notices, petitions, applications, orders, decisions, motions, briefs, exhibits, and 
any other documents that have been filed with the Council or issued by the Council in 

written form; 
(2) all written evidence of any kind received and considered by the Council; 
(3) any questions and offers of proof, together with any objections and rulings thereon 

during the course of the hearing; 
( 4) the official transcript of the hearing. The Council shall not be required to include in 

the transcript duplications of other pmtions of the record; and 
(5) any proposed final decision and exceptions thereto, and the final decision. 
(b) A copy of the record shall be available at all reasonable times for examination by the 

public without cost at the principal office of the Council. 
( c) A copy of the transcript of testimony at the hearing shall be filed at an appropriate 

public office, as determined by the Colllcil, in each county where the facility or any pait 

thereof is proposed to be located. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-27. Filing of added exhibits 
(a) Upon order of the council before, during, or after the hearing of a case, any paity or 

intervenor shall prepare and file added exhibits and testimony. A copy of any such additional 
materials shall be given to all patties and intervenors by the patty or intervenor submitting 

the said material. 
(b) Upon a determination by the council that any filing of such additional material by a 

patty or intervenor would be burdensome due to its form or excessive volume, the council 
may allow for the filing of the material at the office of the council. All paities and intervenors 
shall be afforded the opportunity to copy and/or inspect such material. 

(Effective March 7, 1989) 

Sec. 16-SOj-28. Rules of evidence 
In accordance with Section 4-178 of the Connecticut General Statutes, the following rnles 

of evidence shall be followed in contested cases: 
(a) Rules of privilege. 
The Council sha11 give effect to the rules of privilege recognized by law in Connecticut. 

Subject to these requirements and subject to the right of any paity or intervenor to cross 
examine, any testimony may be received in written form. 

(b) Relevance. 
The Council may exclude evidence that is not probative or material and that tends not to 

prove or disprove a matter in issue. 
(c) Testimony. 
Pursuant to Section l 6-50j-25 of the Regulations of Connecticut State Agencies, in its 

discretion, the Council may accept any oral or written testimony. 

(d) Documentary Evidence. 

R.C.S.A. §§ 16-50j- l-16-50j-91 Revised: 2015-11 -5 
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Pre-filed testimony and other documentary evidence shall be produced under oath . Such 
evidence shall be received by the Council in written fonn to expedite the public hearing. 

(e) Cross examination. 
Cross examination may be conducted by any party or intervenor if it is required by the 

Council for full and true disclosure of the facts. Witnesses may be cross-examined on any 
pre-filed testimony and documents submitted as evidence. lf the Council proposes to 
consider a limited appearance statement as evidence, the Council shall give all parties and 
inte1venors an opportunity to challenge or rebut the statement and to cross-examine the 
p erson who makes the statement. 

(f) Administrative Notice. 
The Council may ta1ce administrative notice of facts in accordance with Section 4-178 of 

the Connecticut General Statutes, including prior decisions and orders of the Council and 
any exhibit admitted as evidence by the Council in a prior hearing of a contested case. 

(Effective March 7, 1989;.Amended September 7, 2012) 

Sec. 16-50j-29. Order of procedure at hearings 
In hea1ings on applications, the party that shall open and close the presentation of any 

pa1t of the matter shall be the applicant. In a case where the opening p01tion has ak eady 
been submitted in written fonn as provided by these rnles, the hearing may open with the 
cross examination of persons who have given written testimony. lu the event any person 
bas given written testimony and is not available for such cross examination at the t ime and 
place directed by the council, all of such written testimony may be discarded and removed 
from the record at the direction of the council. 

(Effective July 3, 1972) 

Sec. 16-50j-30. Limited number of witnesses 
To avoid mmecessary cumulative evidence, the council may limit the number of witnesses 

or the time for testimony upon a pa1ticular issue in the course of any hearing. 

(Effective August 16, 1979) 

Part4 

Hearings, Decision 

Sec. 16-50j-31. Filing of proposed findings of facts and briefs 
At the conclusion of the presentation of evidence in any hearing, the council sha11 fix a 

time within which any party and intervenor may file proposed findings of facts and briefs. 
(Effective May 28, 1985) 

Sec. 16-50j-32. Final decision 
(a) Procedure and contents. All decisions and ordel'S of the council concluding a 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-1- l 6-50j-91 
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contested case shall be in writing. The decision may include all findings of fact and 
conclusions of law relied upon by the council in arriving at the decision, the findings of 
fact and conclusions of law to be separately stated. 

(b) Service. 
Parties and intewenors shall be served in the manner herein provided with a copy of the 

findings of fact, opinion, and decision and order of the Council. A notice of the issuance of 
the opinion and decision and order shall be published once in each newspaper in which was 
printed the notice of public hearing. 

(Effective March 7, 1989;Arnended September 7, 2012) 

Sec. 16-S0j-33. Repealed 

Repealed March 7, 1989. 

Sec. 16-S0j-34. Original records 
The applicant shall, upon direction of the council, furnish and make available for the use 

of the council the original books, papers, and documents from which any part of the 
application is derived. If so directed, or permitted, certified or verified copies shall be 
furnished in lieu of such original records. Failure to furnish original records may be ground 
for rejecting any component and, if appropriate, for refusing the application. 

(Effective August 16, 1979) 

ARTICLE3 

MISCELLANEOUS PROCEEDINGS 

Part 1 

Petitions Concerning Adoption of Regulations 

Sec. 16-50j-35. Genei-al rule 
These rules set forth the procedure to be followed by the council in the disposition of 

petitions concerning the promulgation, amendment, or repeal of a regulation. 

(Effective July 3, 1972) 

Sec. 16-50j-36. Form of petitions 
Any interested person may at any time petition the council to promulgate, amend, or 

repeal any regulation. The petition shall set forth clearly and concisely the text of the 
proposed regulation, amendment, or repeal. Such petition shall also state the facts and 
arguments that favor the action it proposes by ip.cluding such data, facts, and arguments 
either in the petition or in a brief annexed thereto. The petition shall be addressed to the 
council and sent to the principal office of the council by mail or delivered in person during 
normal business hours. The petition shall be signed by the petitioner and shall furnish the 

R.C.S.A. §§ 16-50j-1-16-50j-91 Revised: 2015-11-5 
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address of the petitioner and the name and address of petitioner's attorney, if applicable. 

(Effective August 16, 1979) 

Sec. 16-S0j-37. Prncedure after petition filed 
(a) Decision on petition. 
Not later than 30 days after receipt of a petition for regulation pm-suant to Section 4-174 

of the C01mecticut General Statutes, the Council shall deny the petition in w1iting or initiate 
regulation-making proceedings in accordance with Section 4-168 of the Connecticut General 
Statutes. 

(b) Procedure on denial. If the council denies the petition, the council shall give the 
petitioner notice in wtiting, stating the reasons for the denial based upon the data, facts, and 
arguments submitted with the petition by the petitioner and upon such additional data, facts, 
and arguments as the council shall deem appropriate. 

(Effective March 7, 1989; Amended September 7, 2012) 

Part2 

Petitions for Declaratory Rulings 

Sec. 16-S0j-38. General rule 
These rnles set forth the procedure to be followed by the council in initiating a proceeding 

or disposing of a petition for declaratory rulings as to the applicability of any statut01y 
provision or validity or applicability of any regulation, final decision, or order of the council. 
Such a ruling of the council disposing of a petition for a declaratory ruling shall have the 
same status as any decision or order of the council in a contested case. 

(Effective March 7, 1989) 

Sec. 16-S0j-39. Filing requirements 
(a) General. 
Any interested person may at any time request a declaratory ruling of the Council with 

respect to the applicability to such person of any statute, or fhe validity or applicability of 
any regulation, final decision, or order enforced, administered, or promulgated by the 
Council. Such request shall be addressed to the Council and sent to the principal office of 
the Council by mail or delivered in person during 1101mal business hours. The request shall 
state clearly and concisely the substance and nature of the request; it shall identify the 
statute, regulation, final decision, or order concerning which the inquity is made and shall 
identify the patiicular aspect to which the inquity is directed. The request for a declarat01y 
mling shall be accompanied by a statement of any data, facts, and arguments that supp01t 
the position of the person making the inquiry. Where applicable, Sections 16-50j-l 3 to l 6-
50j-17, inclusive, of the Regulations of Connecticut State Agencies govern Tequests for 
participation in the proceeding . 

(b) Form and content. 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l-16-50j-91 
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The form to be followed in the filing of petitions may vary to the extent necessary to 
provide for the nature of the legal rights, duties, or privileges involved therein, and to the 
extent necessary to comply with statutory requirements. Nevertheless, all petitions shall 
include the following components: 

(1) the p1111Jose for which the petition is being made; 
(2) the statutory authority for such petition; 
(3) the exact legal name of each person seeking the authorization or relief and the address 

or principal place of business of each such person. If any petitioner is a corporation, oust 
association, or other organized group, it shall also give the state under the laws of which it 
was created or organized; 

(4) the name, title, address, and telephone number of the attorney or other person to 
whom conespondence or communications in regard to the petition are to be addressed. 
Notice, orders, and other papers may be served upon the person so named, and such service 
shall be deemed to be service upon the petitioner; 

(5) such information as may be required under the applicable provisions of the Uniform 
Administrative ProcedmeAct, chapter 54 of the Connecticut General Statutes and the Public 
Utilities Envfronmental Standards Act, chapter 277a of the Connecticut General Statutes; 

(6) such information as any department or agency of the state exercising environmental 
controls may, by regulation require; 

(7) such information as the petitioner may consider relevant; and 
(8) such additional information as the Council may request. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-50j-39a. Completeness review 
(a) Submission of Petition for Declaratm·y Ruling to the Council. 
No declaratory ruling shall be issued to any person un61 a complete petition containing 

all infmmation deemed relevant by the Council has been fi led. Relevant infonnation shall 
at a minimum include that listed in Section 16-50j-39 of the Regulations of Connecticut 
State Agencies unless an explanation of irrelevancy is provided for any item omitted from 
a petition. The Council will reserve final judgment of an item's relevancy. 

(b) Notification of Completeness. 
No later than 30 days after receipt of a petition for declaratory ruling, the Council shall 

notify the petitioner in writing as to the lack of completeness of the petition. If a petitioner 
fails or refuses to conect any deficiencies in the manner directed and within the time 
prescribed by the Council, the petition may be refused for lack of proper submission. 

(Effective September 7, 2012) 

Sec. 16-S0j-40. Procedure after petition filed 
(a) Notice to other persons. 
Prior to submitting a petition for a declaratory ruling to the Council, the petitioner shall, 

where applicable, provide notice to each person other than the petitioner appearing of record 

R.C.S.A. §§ 16-50j-1- 16-50j-91 Revised: 2015-11-5 
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as an owner of property which abuts the proposed primaiy or alternative sites of the 
proposed facility, each person appearing ofrecord as an owner of the property or properties 
on which the prirnaiy or alternative proposed facility is to be located, and the appropriate 
municipal officials and government agencies. Proof of such notice shall be submitted with 
the petition for declarat01y ruling. These notice Tequirements are applicable to proposed 
facilities that, by statute, aTe required to be approved by a declarato1y mling in lieu of a 
ce1iificate under Section l 6-50k of the Connecticut General Statutes, and to petitions for a 
declarato1y ruling that the subject of the petition does not constitute a facility. The tenn 
"appropriate municipal officials and government agencies" means, in the case of a facility 
required to be approved by declaratory mling, the same officials and agencies to be noticed 
in the application fm a certificate under Section 16-50/ of the Connecticut General Statutes. 
Petitioners seeking a declarat01y mling where the subject of the petition is not a facility, 
shall se1ve notice to the chief elected official of the municipality where the proposed project 
is located in whole or in part. Within 30 days after receipt of a petition for a declarat01y 
mling, the Council shall give notice of the petition to all persons to whom notice is required 
by any provision oflaw and to all persons who have requested notice of declaratmy rnling 
petitions on the subject matter of the petition. The notice provided by the Council shall 
provide contact information for the Council, a timeline for public involvement and the date, 
place and time for any scheduled field review of the proposed project. The Council may 
receive and consider data, facts, arguments, and opinions from persons other than the 
persons requesting the ruling. 

(b) Provision for hearing. 
If the Council deems a hearing necessaiy or helpful in detennining any issue concerning 

the request for a declarat01y ruling, the Council shall schedule such hearing and give such 
notice thereof as shall be appropriate. The contested case provisions of Sections 16-50j-13 
to 16-50j-34, inclusive, of the Regulations of Connecticut State Agencies shall govern the 
practice and procedw-e of the Council in any hearing concerning a declarat01y ruling. 

(c) Decision on petition. 
Within 60 days after receipt of a petition for a declarato1y ruling, the Council in writing 

shall: (1) issue a rnling declaring the validity of a regulation or the applicability of the 
provision of the Connecticut General Statutes, the regulation, or the final decision in 
question to the specified proceedings; (2) order the matter set for specified proceedings; (3) 
agree to issue a declarato1y ruling by a specified date; (4) decide not to issue a declaratory 
ruling and initiate regulation-making proceedings, under Section 4-168 of the Connecticut 
General Statutes, on the subject; or (5) decide not to issue a declaratory mling, stating the 
reasons for its action. 

( d) Decision. 
A copy of all rulings issued and any actions taken under subsection ( c) of this section 

shall be promptly delivered to the petitioner and other parties and intervenors personally or 
by United States mail, ce1iified or registered, postage prepaid, return receipt requested. A 
declaratory ruling shall contain the names of all parties and inte1venors to the proceeding, 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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the particular facts on which it is based, and the reasons for its conclusion. 

(Effective March 7, 1989; Amended September 7, 2012) 

Part 3 

Miscellaneous Provisions 

Sec. 16-S0j-41. Council investigations 
The Council may at any time initiate investigations and enforcement actions pursuant to 

Section 16-50u of the Connecticut General Statutes. Orders initiating the investigation shall 
indicate the nature of the matters to be investigated and shall be served upon any person 
being investigated. Upon direction by the Council said person shall file with the Council 
such data, facts, arguments and statement of position as shall be necessaty to respond to 
the inquiry of the Council. The presiding officer may subpoena witnesses and require the 
production of records, physical evidence, papers and documents to any hearing held in a 
contested case pursuant to Section 4-177b of the Connecticut General Statutes. A motion 
for a protective order may be filed with the Council if the Council requests infonnation that 
may qualify as trade secrets or commercial or financial information as described under 
Section 1-21 0(b) of the Connecticut General Statutes, or critical energy infrastructure 
information. 

(Effective July 3, 1972; Amended September 7, 2012) 

Sec. 16-50,j-42. Procedure 
The rules of practice and procedure set forth in Sections l 6-50j-13 to l 6-50j-34, inclusive, 

of the Regulations of Connecticut State Agencies for a contested case proceeding shall 
govern any hearing held for the purpose of such an investigation. 

(Effective July 3, 1972;Amended September 7, 2012) 

Sec. 16-S0j-43. Intervention under the Environmental Protection Act of 1971 
Any person or other legal entity authorized by or qualifying under the provisions of 

Sections 22a-14 to 22a-20, inclusive, of the Connecticut General Statutes to intervene as a 
patty in any proceeding before the Council shall do so in accordance with the provisions of 
these rules and regulations as they may be applicable. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-44. lhnsferability of certificates 
(a) No certificate may be transferred without approval of the Council pursuant to Section 

16-50k of the Connecticut General Statutes. 
(b) Any person desiring to transfer a certificate shall jointly submit with the proposed 

transferee an application to the Council. Such application shall, at a minin1um, include the 
date on which such transfer was agreed upon by the parties to the transfer, an explanation 

R.C.S.A. §§ 16-50j-1-16-50j-91 Revised: 2015-11-5 
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of the reasons for the proposed transfer, and the same information about the transferee which 
is required of an applicant for a certificate. 

(c) The proposed transferee shall agree, in writing, to comply with the terms, limitations, 
and conditions contained in the certificate. 

(d) The Council shall not approve any transfer ifit finds: 
(1) That such transfer was contemplated at or prior to the time the ce1tificate was issued 

and that such fact was not adequately disclosed during the ceitification proceeding; or 
(2) That the transferor or transferee, or both, are not current w ith payments to the Council 

for their respective annual assessments and invoices under Section 16-S0v of the 
Connecticut General Statutes. 

(Effective September 7, 2012) 

Sec. 16-S0j-45-16-S0j-55. Reserved 

ARTICLE4 

ENERGY FACILITIES 

Part 1 

Rules of Practice 

Sec. 16-50j-56. Finding 
Pursuant to Section 16-50i (a) (1) to (4), inclusive, of the Connecticut General Statutes, 

the Council finds that each energy site and its associated equipment except as specified in 
Section 16-50j-57 of the Regulations of Connecticut State Agencies may have a substantial 
adverse environmental effect and therefore is a facility, and any modification, as defined in 
section 16-50j-2a(m) of the Regulations of Connecticut State Agencies, to an existing energy 
site, except as specified in Section 16-S0j-57 of the Regulations of Connecticut State 
Agencies may bave a substantial adverse environmental effect. 

(Effective September 7, 2012) 

Sec. 16-50j-57. Exemptions 
(a) Exemptions. A facility or any modification to a facility that the Council, or its 

designee, has determined satisfies the criteria of this section shall be deemed not to have a 
substantial adverse environmental effect and shall not require a ce1tificate pmsuant to 
Section l 6-50k of the Connecticut General Statutes. Facilities or modifications to facilities, 
including, but not limited to, insta11ation or change-out of circuit breakers, disconnects, 
transformers, buses and appurtenant equipment, upon Council acknowledgment or 
acknowledgment of its designee, may qualify for such exemption. 

(1) An energy component and associated equipment installed adjacent to a damaged or 
inoperable existing energy component and associated equipment in order to maintain 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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continuity of service shall not constitute a facility provided that: 
(A) such energy component and associated equipment shall be removed at the earliest 

practicable time but in no event later than one year after installation, unless otherwise 
approved by the Council or unless exempt under subsection (b) of this section, in which 
event the existing damaged or inoperable energy component and associated equipment shall 
be removed no later than one year after installation of the new energy component and 
associated equipment; 

(B) the owner or operator of such energy component and associated equipment shall 
give the property owner of record, if the property owner of record is different from the 
owner or operator of such component and associated equipment, and the chief elected 
official of the municipality in which the energy component and associated equipment is 
located, written notice of the installation or proposed installation of such energy component 
and associated equipment. The owner or operator of such energy component and associated 
equipment shall provide the Council with written proof of service of the written notice to 
the property owner ofrecord, if the prope1ty owner ofrecord is different from the owner or 
operator of such component and associated equipment, and the municipality in which the 
energy component and associated equipment is located. Notice to all parties shall include 
the following: 

(i) the location of such energy component and associated equipment, 
(ii) the reason for the installation, and 
(iii) the estimated time such energy component and associated equipment will remain 

in place; 
(C) the notice shall be given at the earliest practicable time but not later than 48 hours 

after the installation of such energy component and associated equipment; and 
(D) the owner or operator of such energy component and associated equipment shall 

restore the site to its original condition as nearly as practical, subject to such other conditions 
as ordered by the Council, or its designee. 

(b) None of the following shall constitute a modification to an existing energy facility 
that may have a substantial adverse environmental effect: 

(1) Routine general maintenance and one-for-one replacement of facility components 
that are necessaty for reliable operation; 

(2) Changes on an existing site that do not: 
(A) extend the boundaries of the site beyond the existing fenced compound; 
(B) increase the height of existing associated equipment; 
(C) increase noise levels at the site boundary by 6 decibels or more, or to levels that 

exceed state and local criteria; 
(D) manage elecbic and magnetic field levels at the site boundary in a manner that is 

inconsistent with the Council's Best Management Practices for Electric and Magnetic Fields 
at the site boundary; 

(E) cause a significant adverse change or alteration in the physical or environmental 
characteristics of the site; or 

R.C.S.A. §§ 16-50j-l-16-50j-91 Revised: 2015-11-5 
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(F) impair the structural integrity of the facility, as determined in a ce1iification provided 
by a professional engineer licensed in Connecticut, where applicable. 

( c) Placement of energy components and associated equipment, owned or operated by 
the state or a public service company, as defined in Section 16-1 of the Connecticut General 
Statutes, on any existing non-facility energy site, shall not constitute a substantial adverse 
environmental effect when the changes on the existing non-facility energy site: 

( 1) Have received an acknowledgment by the Council that such placement of energy 
components and associated equipment would not cause a significant change or alteration 
to the physical and environmental characte1istics of the site; 

(2) Do not extend the boundaries of the site by any dimension; 
(3) Do not increase the height of existing associated equipment; 
( 4) Do not increase noise levels at the site bounda1y by 6 decibels or more, or to levels 

that exceed state and local criteria; 
(5) manage electric and magnetic field levels at the site boundary in a manner that is 

consistent with the Council's B est Management Practices for Electric and Magnetic Fields 
at the site boundary; and 

(6) Have received all municipal zoning approvals and building permits, where applicable. 
( d) The tempora1y use of energy components and associated equipment shall not 

constitute a facility provided that: 

(1) The temporaty use is necessruy to provide emergency or essential energy service to 
areas of local disaster or events of statewide significance. 

(2) Any provider oftemporaiy energy service for an event of statewide significance shall 
provide the Council for its approval 30-day advance written notice of the development of 
such tempora1y service. The provider shall also provide the prope1ty owner of record, if the 
property owner of record is different from the provider, and the chief elected official of the 
affected municipality in which the temporaiy energy components and associated equipment 
are to be located 30-day advance written notice prior to the installation. Such notice shall 
state: 

(A) the location of the temporary energy components and associated equipment; 
(B) a letter from the prope1ty owner of record, if the prope1ty owner of record is different 

from the provider, authorizing use of the property for the temporary service; 
(C) the height of the temporaiy energy components and associated equipment; 
(D) the electric and magnetic field levels at the site boundary of the tempora1y energy 

compouents and associated equipment will be managed in a manner that is consistent with 
the Council's Best Management Practices for Electric and Magnetic Fields; 

(E) the noise levels of the tempora1y energy components and associated equipment 
measured at the site boundary; 

(F) the estimated time the temporaiy energy components and associated equipment shall 
be on site and the hours of operation for the temporruy energy components and associated 
equipment; and 

(G) the specific reasons for the installation, including, but not limited to, the nature of 
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the event. 
(3) Any provider of temporary energy service at an area ofa local disaster shall provide 

to the chief elected official of the affected municipality and the Council written notice not 
later than 48 hours of the deployment stating: 

(A) The location of the temporary energy components and associated equipment; 
(B) a letter from the property owner ofrecord, if the property owner ofrecord is different 

from the provider, authorizing use of the prope1ty for the temporaiy service; 
(C) the height of the temporary energy components and associated equipment; 
(D) the electric and magnetic field levels at the site boundary of the temporary energy 

components and associated equipment will be managed in a manner that is consistent with 
the Council's Best Management Practices for Electric and Magnetic Fields; 

(E) the noise levels of the temporary energy components and associated equipment 
measw-ed at the site boundary; 

(F) the estimated time the tempormy energy components and associated equipment shall 
be on site, the hours of operation of the temporary energy components and associated 
equipment, and conditions that would render the use of the tempora1y energy components 
and associated equipment no longer necessary; and 

(G) the nature of the emergency. 
(4) In no event shall temporary use of energy components and associated equipment 

exceed 30 days unless the property owner of record, if the property owner of record is 
different from the provider, and the Council grant approval for an extension. 

(Effective September 7, 2012) 

Sec. 16-S0j-58. Notice of intent to install an exempt energy component and 
associated equipment 

Except as provided under Sections 16-50j-57(a) and 16-50j-57(d) of the Regulations of 
Connecticut State Agencies, the owner or operator of any energy component and associated 
equipment claiming such component and associated equipment are exempt pursuant to 
Section I 6-50j-57 of the Regulations of Connecticut State Agencies shall give the Council, 
the property owner of record, if the prope1ty owner ofrecord is different from the owner or 
operator of the energy component and associated equipment, and the chief elected official 
of the municipality in which the energy component and associated equipment is to be 
located, notice in w1iting prior to constrnction of the owner or operator's intent to install 
such energy component and associated equipment, detailing its reasons for claiming 
exemption under Section 16-50j-57 of the Regulations of Connecticut State Agencies. 

(Effective September 7, 2012) 

Sec. 16-S0j-59. Information required 
In addition to confonning to Section 16-50/ of the Connecticut General Statutes and 

Section 16-50!-2 of the Regulations of Connecticut State Agencies, an application for a 
certificate of environmental compatibility and public need for the construction of a new 

R.C.S.A. §§ 16-50j-1- 16-50J-91 Revised: 2015-11-5 
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energy facility, or a modification of an existing energy facility, as defined in Section 16-
50i(a)(l) to (4), inclusive, of the Connecticut General Statutes shall include, but not be 
limited to: 

(1) A description of the proposed facility and associated equipment, or modification of 
an existing facility and associated equipment, including, but not limited to, heights of facility 
components, special design features, and access roads; 

(2) A statement of the need for the proposed facility and associated equipment, or 
modification of an existing facility and associated equipment with as much specific 
inf01mation as is practicable to demonstrate the need; 

(3) A statement of the benefits expected from the proposed facility and associated 
equipment, or modification of an existing facility and associated equipment with as much 
specific information as is practicable; 

(4) (A) The most recent U.S.G.S. topographic quadrangle map (scale 1 inch = 2000 feet) 
marked to show the approximate site of the facility and associated. equipment, or 
modification of an existing facility and associated equipment and any significant changes 
within a one mile radius of the site; and 

(B) a map (scale 1 inch= 200 feet or less) of the lot or tract on which the facility and 
associated equipment, or modification of an existing facility and associated equipment is 
proposed to be located showing the acreage and dimensions of such site, the name and 
location of adjoining public roads or the nearest public road, and the names of abutting 
owners and the p01tions of their lands abutting the site; 

(5) (A) Plan and elevation drawings showing the proposed facility and associated 
equipment, or modification of an existing facility and associated equipment, the components 
and all structures on the site; and 

(B) where relevant, a tenain profile showing the proposed facility and associated 
equipment, or modification of an existing facility and associated equipment; 

(6)A description of the site, including the zoning classification of the site and swrnunding 
areas; 

(7) A description of the land uses of the site and SUlTounding areas; 
(8) A description of the scenic, natw·al, historic, and recreational characteristics of the 

proposed site and suITounding area; 

(9) A statement in narrative f01m of the environmental effects of the proposed facility 
and associated equipment, or modification of an existing facility and associated equipment; 

(10) A statement containing justification for the site selected including a description of 
siting criteiia and the nairnwing process by which other possible sites were considered and 
eliminated; 

( 11) A statement of the estimated cost for site acquisition and constrnction of the facility 
and associated equipment, or modification of an existing facility and associated equipment; 

(12) A schedule showing the proposed program of site acquisition, construction, 
completion, and operation; 

(13) The names and mail addresses of the owner of the site and all abutting owners; 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l-16-50j-91 
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(14) A listing of any federal, state, regional, district, and municipal agencies with which 
reviews were conducted concerning the facility or modification of an existing facility, 
including a copy of any state and municipal agency position or decision with respect to the 
facility or modification of an existing facility; 

(15) Where relevant, a list of all energy facilities and associated equipment within a 5-
mile radius of the proposed facility or modification of an existing facility which are owned 
or operated by a public service company or the state; 

( 16) A description of technological alternatives and a statement containing justification 
for the proposed facility; 

( 17) A description of alternate sites, if applicable, for the proposed facility and associated 
equipment, or modification of an existing facility and associated equipment wi th the 
following information: 

(A) a U.S.G.S. topographic quadrangle map (scale 1 inch = 2000 feet) marked to show 

the location of alternate sites; 
(B) a map (scale 1 inch= 200 feet or less) of the lots or tracts of the alternate sites for the 

proposed facility and associated equipment, or modification of an existing facility and 
associated equipment showing the acreage and dimensions of such site, the name and 
location of adjoining public roads or the nearest public road, and the names of abutting 
owners and the portions of their land abutting the alternate site; and 

(C) such additional infonnation as would be necessary or useful to compare the costs and 
environmental impacts of the alternate sites with those of the proposed site; 

(18) A statement describing hazards to human health, if any, with such supporting data 
or references to authoritative sources of information as will be helpful to the understanding 
of all aspects of the issue, including electric and magnetic field levels at the property 
boundaries of the proposed site and compliance with the Council's Best Management 
Practices for Electric and Magnetic Fields; and 

(19) Additional infonnation as may be requested by the Council. 

(Effective September 7, 2012) 

Part 2 

Development and Management Plan 

Sec. 16-S0j-60. Requirements for a Development and Management Plan (D&M 
Plan) 

(a) Purpose. 
The Council may require the preparation of full or partial Development and Management 

Plans (D&M Plans) for proposed energy facilities, modifications to existing facilities, or 
where the preparation of such a plan would help significantly in balancing the need for 
adequate and reliable utility services at the lowest reasonable cost to consumers with the 
need to protect the environment and ecology of the state. 

(b) When required. 
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A partial or full D&M plan shall be prepared in accordance with this regulation and shall 
include the information described in Sections 16-50j-61 to 16-50j-62, inclusive, of the 
Regulations of Connecticut State Agencies, for any proposed energy facility for which the 
Council issues a certificate of environmental compatibility and public need, except where 
the Council prnvides otherwise at the time it issues the certificate. Relevant information in 
the Council's record may be referenced. 

(c) Procedure for preparation. 
The D&M plan shall be prepared by the ce1tificate holder or the owner or operator of the 

proposed facility or modification to an existing facility. The pi-eparer may consult with the 
staff of the Council to prepare the D&M plan. 

(d) Timing ofpJan. 
The D&M plan shall be submitted to the Council in one or more sections, and the Council 

shall approve, modify, or disapprove each section of the plan not later than 60 days after 
receipt of it. If the Council does not act to approve, modify or disapprove the plan or a 
section thereof within 60 days after receipt of it, the plan shall be deemed approved. Except 
as otherwise authorized by the Council, no clearing or construction shall begin prior to 
approval of applicable sections of the D&M plan by the Council. 

(Effective March 7, 1989;Amended September 7, 2012) 

Sec. 16-S0j-61. Elements of a D&M plan 
(a) Key map. 
The D&M plan shall include a key map for the site, including the entire electric 

transmission line or fuel transmission line, as applicable, that is a reproduction at scale of 
1inch = 2,000 feet of the most recent USGS topographic maps for its location and route. 

(b) Plan drawings. 
The D&M plan shall consist of maps at a scale of l inch= l 00 feet or larger ( called "plan 

drawings") and supp01ting documents, which shall contain the following information: 
(1) The edges of the proposed site and of any existing site contiguous to or crossing it, 

the portions of those sites owned by the company in fee and the identity of the property 
owners ofrecord of the p01tions of those sites not owned by the company in fee; 

(2) Public roads and public lands crossing or adjoining the site; 
(3) The approximate location along the site of each 50-foot contour line shown on the 

key map; 

(4) The probable location, type, and height of the proposed facility, energy components 
and associated equipment supporting the facility operation, including, but not limited to, 
each new transmission structure, position of guys, generalized description of foundations, 
trench grading plans, depth and width of trenches, trench back-filling plans, and the location 
of any utility or other strnctures to remain on the site or to be removed; 

(5) The probable points of access to the site, and the route and likely nature of the access 
ways, including alternatives or options to the probable points of access and access ways; 

( 6) The edges of existing and proposed clearing areas, the type of proposed clearing 

Revised: 2015- 11-5 R.C.S.A. §§ 16-50j- l-16-50j-91 
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along each part of the site, and the location and species identification of vegetation that 
would remain for aesthetic and wildlife value; 

(7) Sensitive areas and conditions within and adjoining the site, including, but not limited 

to: 
(A) Wetland and watercourse areas regulated under Chapter 440 of the Connecticut 

General Statutes, and any locations where construction may create drainage problems; 
(B) Areas of high erosion potential; 
(C) Any known critical habitats or areas identified as having rare, endangered, threatened 

or special concern plant or animal species listed by federal and state governmental agencies; 
(D) The location of any known underground utilities or resources including, but not 

limited to, electric lines, fuel lines, drainage systems and natural or artificial, public or 
private water resources, to be crossed; 

(E) Residences or businesses within or adjoining the site that may be dismpted during 

the constmction process; and 
(F) Significant environmental, historic and ecological features, including, but not limited 

to, significantly large or old trees, buildings, monuments, stone walls or features of local 

interest. 
(c) Supplemental information. 
(1) Plans, if any, to salvage marketable timber, restore habitat and to maintain snag trees 

within or adjoining the site; 
(2) All construction and rehabilitation procedures with reasonable mitigation measures 

that shall be taken to protect the areas and conditions identified in section 16-50j-61(b)(7) 
of the Regulations of Connecticut State Agencies, including, but not limited to: 

(A) Construction techniques at wetland and watercourse crossings; 
(B) Sedimentation and erosion control and rehabilitation procedmes, consistent with the 

Connecticut Guidelines for Soil Erosion and Sediment Control, as updated and amended, 
for areas of high erosion potential; 

(C) Precautions and all reasonable mitigation measures to be taken in areas within or 
adjoining the site to minimize any adverse impacts of such actions or modifications on 
endangered, threatened or special concern plant or animal species listed by federal and state 
governmental agencies and critical habitats that are in compliance with federal and state 
recommended standards and guidelines, as amended; 

(D) Plans for modification and rehabilitation of surface, drainage, and other hydro logic 

featmes; 
(E) Plans for watercourse bank restoration in accordance with the provisions of Chapter 

440 oftbe Connecticut General Statutes; and 
(F) Plans for the protection of historical and archaeological resources with review and 

comment from a state historic preservation officer of the Department of Economic and 
Community Development, or its successor agency. 

(3) Plans for the method and type of vegetative cleaiing and maintenance to be used 

within or adjacent to the site; 
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( 4) The location of public recreation areas or activities known to exist or being proposed 
in or adjacent to the site, together with copies of any agreements between the company and 
public agencies authorizing public recreation use of the site to the extent of the company's 
property rights thereto; 

(5) Plans for the ultimate disposal of excess excavated mateiial, stump removal, and 
periodic maintenance of the site; 

(6) Locations of areas where blasting is anticipated; 
(7) Rehabilitation plans, including, but not limited to, reseeding and topsoil restoration; 
(8) Contact information for the personnel of the contractor assigned to the project; and 
(9) Such site-specific information as the Council may require. 
(d) Notice. 
A copy, or notice of the filing, of the D&M plan, or a copy, or notice of the filing of any 

changes to the D&M plan, or any section thereof, shall be provided to the service list and 
the property owner of record, if applicable, at the same time the plan, or any section thereof, 
or at the same time any changes to the D&M plan, or any section thereof, is submitted to 
the Council. 

( e) Changes to plan. 
The Council may order changes to a D&M plan, including, but not limited to, vegetative 

screening, paint color, or fence design at any time during or after preparation of the plan. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-62. Reporting requirements 
(a) Site Testing and Staging areas. 
The certificate holder, or facility owner or operator, shall provide the Council with written 

notice of the location and size of all areas to be accessed or used for site testing or staging 
areas. If such an area is to be used prior to approval of the D&M plan, the Council may 
approve such use on tenns as it deems appropriate. 

(b) Notice 
(1) The ce1tificate holder, or facility owner or operator, shall provide the Council, in 

w1iting, with a minimum of two weeks advance notice of the beginning of: 
(A) clearing and access work in each successive portion of the site and 
(B) facility construction in that same pmtion. 
(2) The ce1tificate holder, or facility owner or operator, shall provide the Council with 

advance written notice whenever a significant change of the approved D&M plan is 
necessary. If advance written notice is impractical, verbal notice shall be provided to the 
Council immediately and shall be followed by written notice not later than 48 hours after 
the verbal notice. Significant changes to the approvedD& M plan shall include, but are not 
limited to, the following: 

(A) the location of a wetland or watercourse crossing; 
(B) the location of an access way or a stmcture in a regulated wetland or watercourse 

area; 
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(C) the construction or placement of any temporary structures or equipment; 
(D) a change in structure type or location including, but not limited to, towers, guy wires, 

associated equipment or other facility structures; and 
(E) utilization of additional mitigation measures, or elimination of mitigation measures. 
The Council, or its designee, shall promptly review the changes and shall approve, 

modify, or disapprove the changes in accordance with subsection ( d) of section 16-50j-60 
of the Regulations of Connecticut State Agencies. 

(3) The certificate holder, or facility owner or operator, shall provide the Council with a 
monthly construction progress repmt, or a construction progress report at time intervals 
determined by the Council or its designee, indicating changes and deviations from the 
approved D&M plan. The Council may approve changes and deviations, request c01Tections 
or require mitigation measures. 

( 4) The certificate holder, or facility owner or operator, shall provide the Council with 
written notice of completion of con(struction and site rehabilitation. 

( c) Final report. 
The certificate holder, or facility owner or operator, shall provide the Council with a final 

report for the facility not later than 180 days after completion of all site construction and 
site rehabilitation This final report shall identify: 

( 1) all agreements with abutters or other property owners regarding special maintenance 

precautions; 
(2) significant changes of the D&M plan that were required because of the prope1ty 

rights of underlying and adjoining owners or for other reasons; 
(3) the location of construction materials which have been left in place including, but 

not limited to, culverts, erosion control structures along watercourses and steep slopes, and 
corduroy roads in regulated wetlands; 

( 4) the location of areas where special planting and reseeding have been done; and 
(5) the actual construction cost of the facility, including, but not limited to, the following 

costs: 
(A) clearing and access; 
(B) construction of the facility and associated equipment; 
(C) rehabilitation; and 
(D) prope1ty acquisition for the site or access to the site. 
( d) Protective Order. 
The ce1tificate holder, or facility owner or operator, may file a motion for a protective 

order pertaining to commercial or financial information related to the site or access to the 

site. 

(Effective March 7, 1989; Amended September 7, 20 12) 
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Sec. 16-50j-63-16-50j-69. Reserved 

ARTICLES 

Community Antenna Television and Telecommunications Towei-s 

Sec. 16-50j-70. Repealed 

Repealed March 7, 1989. 

Sec. 16-50j-71. Finding 

Part 1 

Rules of Practice 

Pursuant to Section 16-50i (a) (5) and (6) of the Connecticut General Statutes, the Council 
finds that each community antenna television tower or telecommunications tower and its 
associated equipment except as specified in Sections 16-50j-72 and I 6-50j-88 of the 
Regulations of Connecticut State Agencies may have a substantial adverse environmental 
effect and therefore is a facility; and any modification, as defined in Section l 6-50j-2a of 
the Regulations of Connecticut State Agencies, to an existing tower site, except as specified 
in Sections 16-50j-72 and 16-50j-88 of the Regulations of Com1ecticut State Agencies, may 
have a substantial adverse environmental effect. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-50j-72. Exceptions 
(1) Exemptions. 
A facility or any modification to a facility that the Council, or its designee, has determined 

satisfies the criteria of this section shall be deemed not to have a substantial adverse 
environmental effect and shall not require a certificate pursuant to Section 16-50k of the 
Connecticut General Statutes. Facilities or modifications to facilities, including, but not 
limited to, change-outs and installations of antennas on existing telecommunications towers, 
existing radio towers, functioning smokestacks, functioning water tanks and on or in existing 
buildings, upon Council acknowledgment or acknowledgment of its designee, may qualify 
for such exemption. 

(2) A community antenna television tower or telecommunications tower and associated 
equipment installed adjacent to a damaged or inoperable existing tower and associated 
equipment in order to maintain continuity of community antenna television service or 
telecommunications shall not constitute a facility provided that: 

(A) such tower and associated equipment shall be removed at the earliest practicable time 
but in no event later than one year after installation, unless otherwise approved by the 
Council or unless exempt under subsection (b) of this section in which event the existing 
damaged or inoperable tower and associated equipment shall be removed no later than one 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l-16-50j-91 
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year after installation of the new tower and associated equipment; 
(B) the owner or operator of such tower and associated equipment shall give the Council, 

the property owner ofrecord, if the property owner ofrecord is different from the owner or 
operator of such tower and associated equipment, and the chief elected official of the 
municipality in which the tower and associated equipment is located, written notice of the 
installation or proposed installation of such tower and associated equipment. The owner or 
operator of such tower and associated equipment shall provide the Council with proof of 
service of the written notice to the property owner of record, if the property owner ofrecord 
is different from the owner or operator of such tower and associated equipment, and the 
municipality in which the tower or associated equipment is located. Notice to all parties 

shall include the following: 
(i) the location of such tower and associated equipment; 
(ii) the reason for its installation; and (iii) the estimated time such tower and associated 

equipment shall remain in place. 
(C) the notice shall be given at the earliest practicable time but not later than 48 hours 

after the installation of such tower and associated equipment; and 
(D) the owner or operator of such tower or associated equipment shall restore the site to 

its original condition as nearly as practical, subject to such other conditions as ordered by 

the Council, or its designee. 
(b) None of the following shall constitute a modification to an existing community 

antenna television or telecommunications tower that may have a substantial adverse 
environmental effect: 

(1) Routine general maintenance and one-for-one replacement of facility components 
that is necessary for reliable operation; 

(2) Changes on an existing site that do not: 
(A) increase the tower height; 
(B) extend the boundaries of the site by any dimension; 
(C) increase noise levels at the site boundary by 6 decibels or more, or to levels that 

exceed state and local criteria; 
(D) add radio frequency sending 01· receiving capability which increases the total radio 

frequency electromagnetic radiation power density measured at the site boundaiy to or 
above the standards adopted by the Federal Communications Commission pursuant to 
Section 704 of the Telecommunications Act of 1996, as amended, and the State Depaitment 
of Energy and Environmental Protection, pursuant to Section 22a- 162 of the Connecticut 
General Statutes; 

(E) cause a significant adverse change or alteration in the physical or environmental 
characteristics of the site; and 

(F) impair the strnctural integrity of the facility, as determined in a certification provided 
by a professional engineer licensed in Com1ecticut, or 

(3) Replacement of an existing CATV tower or teleco1mnunications tower and associated 
equipment with a tower that is no taller than the tower to be replaced and that does not 
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support public service company or state antennas, or antennas to be used for public cellular 
radio communications emitting total radio frequency electromagnetic radiation power 
density measured at the site boundary to or above the standard adopted by the Federal 
Communications Commission pursuant to Section 704 of the Telecommunications Act of 
1996, as amended, and the State Department of Energy and Environmental Protection 
pursuant to Section 22a- 162 of the Connecticut General Statutes. 

(c) Placement of community antenna television towers and head-end structures, 
telecommunications towers, and associated telecommunications equipment, owned or 
operated by the state or a public service company, as defined in Section 16-1 of the 
Connecticut General Statutes, or used in a cellular system, as defined in the code of Federal 
Regulations Title 47, Part 22, as amended, on any existing non-facility tower, shall not 
constitute a substantial adverse environmental effect when the changes on the existing non
facility tower: 

(I) Have received an acknowledgment from the Council that such a facility would not 
cause a signjficant change or alteration in the physical and environmental characteristics of 
the site; 

(2) Do not extend the boundaries of the site by any dimension; 
(3) Do not increase noise levels at the site boundary by 6 decibels or more, or to levels 

that exceed state and local criteria; 
( 4) Do not increase the total radio frequency electromagnetic radiation power density 

measured at the site bounda1y to or above the standard adopted by the Federal 
Communications Commission pursuant to Section 704 of the Telecommunications Act of 
1996, as amended, and the State Department of Energy and Environmental Protection 
pursuant to Section 22a-162 of the Connecticut General Statutes; and 

(5) Have received all municipal zoning approvals and building pemuts, where applicable. 
( d) The temporaly use of telecommunications equipment shall not constitute a facility 

provided that: 

( 1) The temporaiy use is necessary to provide emergency or essential telecommunications 
service to areas of local disaster or events of statewide significance. 

(2) Any provider of temporary telecommunications service for an event of statewide 
significance shall provide to the Council for its approval 30 day advance written notice of 
the development of such temporaiy service. The provider shall also provide the property 
owner ofrecord, if the property owner ofrecord is different from the provider, and the chief 
elected official of the municipality in which the tempora1y facility is to be located, advance 
written notice not less than 30 days prior to the installation. Such notice shall include: 

(A) The location of the temporary telecommunications equipment; 
(B) A letter from the property owner of record, if the property owner of record is different 

from the provider, authorizing use of the property for the temporaiy telecommunications 
service; 

(C) The height and power density of the tempora1y telecommunications equipment; 
(D) The noise levels of the temporary telecommunications equipment measured at the 
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property lines; 
(E) The estimated time the temporary telecommunications equipment shall be in use, 

including the approximate start and end dates; and 
(F) The specific reasons for the installation, including, but not limited to, the nature of 

the event. 
(3) Any provider of temporary telecmmnunications service at an area of a local disaster 

shall provide to the Council written notice not later than 48 hours after the deployment 

including: 
(A) The location of the temporary telecommunications equipment; 
(B) A letter from the property owner of record, if the property owner of record is different 

from the provider, authorizing use of the property for the temporary telecommunications 

service; 
( C) The height and power density of the temporary telecommunications equipment; 
(D) The noise levels of the temporary telecommunications equipment measured at the 

property lines; 
(E) The estimated time the temporary telecommunications equipment shall be in use, 

including, but not lin1ited to, the hours of operation of the temporary telecommunications 
equipment and conditions that would render the use of the temporaty telecommunications 
equipment no longer necessaiy; and 

(F) The nature of the emergency. 
( 4) In no event shall tempora1y use of telecommunications equipment exceed 30 days 

unless the Council and the property owner of record, if the prope1ty owner of record is 
different from the provider, grant approval for an extension. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-73. Notice of intent to erect an exempt tower and associated equipment 
Except as otherwise provided under sections 16-50j-72(a) and sections l 6-50j-72(d), the 

owner or operator of any tower and associated equipment claiming such tower and 
associated equipment is exempt purstiant to section l 6'-50j-72 of the Regulations of 
Connecticut State Agencies shall give the Council, the prope1ty owner of record, if the 
property owner ofrecord is different from the owner or operator oftbe tower and associated 
equipment, and the chief elected official of the municipality in which the facility is to be 
located, notice in writing prior to cons1rnction of its intent to construct such tower and 
associated equipment, detailing its reasons for claiming exemption under these regulations. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-74. Information required 
In addition to conforming to Section 16-50/ of the Connecticut General Statutes and to 

Section 16-50/-2 of the Regulations of Connecticut State Agencies, an application for a 
certificate of environmental compatibility ai1d public need for the construction of a new 
community antenna television tower and head-end structure or telecommunications tower 

R.C.S.A. §§ 16-50j-l-16-50j-91 Revised: 2015-11-5 
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and associated equipment, or modification to an existing community antenna television 
tower and head-end structure or telecommunications tower and associated equipment, as 
defined in Sections 16-50i (a) (5) and (6) of the Connecticut General Statutes, shall include, 
but not be limited to, the following: 

(1) A description of the proposed tower and associated equipment, or modification and 
associated equipment including height and special design features, access roads and power 
lines, if any; 

(2) A statement of the need for the proposed tower and associated equipment, or 
modification and associated equipment with as much specific infonnation as is practicable 
to demonstrate the need; 

(3) A statement of the benefits expected from the proposed tower and associated 
equipment, or modification and associated equipment with as much specific information as 
is practicable; 

(4) (A) The most recent U.S.G.S. topographic quadrangle map (scale 1 inch= 2000 feet) 
marked to show the approximate site of the tower and associated equipment, or modification 
and associated equipment and any significant changes within a one mile radius of the site; 
and 

(B) a map (scale 1 inch = 200 feet or less) of the lot or tract on which the tower and 
associated equipment, or modification and associated equipment is proposed to be located 
showing the acreage and dimensions of such site, the name and location of adjoining public 
roads or the nearest public road, and the names of abutting owners and the pmtions of their 
lands abutting the site; 

(5) (A) Plan and elevation drawings showing the proposed tower and associated 
equipment, or modification and associated equipment, the antennas and other components 
to be supported, and all structures on the site; and 

(B) where relevant, a ten-ain profile showing the proposed tower and associated 
equipment, or modification and associated equipment; 

( 6) A description of the site, including the zoning classification of the site and surrounding 
areas; 

(7)Adescription of the laud uses ofthe site and sunounding areas; 
(8) A description of the scenic, natural, historic, and recreational characteristics of the 

proposed site and sunounding area; 
(9) A statement in narrative fmm of the environmental effects of the proposed tower and 

associated equipment, or modification and associated equipment; 
(10) A statement containing justification for the site selected including a description of 

siting criteria and the nanowing process by which other possible sites were considered and 
eliminated; 

(11) A statement of the estimated cost for site acquisition and constrnction of the tower 
and associated equipment, or modification and associated equipment; 

(12) A schedule showing the proposed program of site acquisition, construction, 
completion, and operation; 

R evised: 2015-11-5 R .C.S.A. §§ 16-50j-1~ 16-50j-91 
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(] 3) The names and mail addresses of the owner of the site and all abutting owners; 
(14) A listing of any federal, state, regional, district, and municipal agencies with which 

reviews were conducted concerning the tower and associated equipment or modification 
and associated equipment, including a copy of any state and municipal agency position or 
decision with respect to the tower or modification and associated equipment; 

(15) Where relevant, a list of all towers and associated equipment within a 5-mile radius 
of the proposed tower and associated equipment or modification and associated equipment; 

(16) A description of technological alternatives and a statement containing justification 

for the proposed facility; 
( 17) A description of alternate sites for the proposed tower, if applicable, and associated 

equipment, or modification and associated equipment with the following information: 
(A) a U.S.G.S. topographic quadrangle map (scale 1 inch = 2000 feet) marked to show 

the location of alternate sites; 
(B) a map (scale J inch= 200 feet or less) of the lots or tracts of the alternate sites for the 

proposed tower and associated equipment, or modification and associated equipment 
showing the acreage and dimensions of such site, the name and location of adjoining public 
roads or the nearest public road, and the names of abutting owners and the portions of their 
land abutting the alternate site; and 

(C) such additional infotmation as would be necessa1y or useful to compare the costs and 
environmental impacts of the alternate sites with those of the proposed site; 

(18) A statement describing hazards to human health, if any, with such supporting data 
or references to auth01itative sources of information as will be helpful to the understanding 
of all aspects of the issue, including signal frequency and power density at the proposed 
site to be transmitted or received by the proposed facility; and 

( 19) Additional information as may be requested by the Council. 

(Effective March 7, 1989; Amended September 7, 2012) 

Part2 

Development and Management Plan 

Sec. 16-S0j-75. Requirement for a Development and Management Plan (D&M plan) 
(a) Purpose. 
The Council may require the preparation of full or partial D&M plans for proposed 

community antenna television towers or head-end strnctures and associated equipment or 
telecommunications towers and assooiated equipment or a modification to an existing site, 
where the preparation of such a plan would help significantly in balancing the need for 
adequate and reliable utility services at the lowest reasonable cost to consumers with the 
need to protect the environment and ecology of the state. 

(b) When required. 
A partial or full D&M plan shall. be prepared in accordance with this Section and shall 

include the infonnation described in Sections 16-50j-76 to l 6-50j-77, inclusive, of the 
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Regulations of Connecticut State Agencies for any proposed facility for which the Council 
issues a certificate or for a modification to an existing site, except where the Council 
provides otherwise at the time it issues the certificate. Relevant information in the Council's 
record may be referenced. 

(c) Procedure for preparation. 
The D&M plan shall be prepared by the ce1iificate holder of the tower and associated 

equipment, or modification to an existing facility. The preparer may consult with the staff 
of the Council to prepare the D&M plan. 

(d) Timing of plan. 
The D&M plan shall be submitted to the Council in one or more sections, and the Council 

shall approve, modify or disapprove each section of the plan not later than 60 days after 
receipt of it. If the Council does not act to approve, modify or disapprove the plan or any 
section thereof within 60 days after receipt of it, the plan shall be deemed approved. Except 
as othetwise authorized by the Council, no clearing or construction shall begin prior to 
approval of applicable sections of the D&M plan by the Council. 

(e) Notice. 
A copy, or notice of the filing, of the D&M plan, or any section thereof, or a copy, or 

notice of the filing of any changes to the D&M plan, or any section thereof, shall be provided 
to the service list and the property owner of record, if applicable, at the same time the plan, 
or any section thereof, or at the same time any changes to the D&M plan, or any section 
thereof, is submitted to the Council. 

(f) Changes to plan. 
The Council may order changes to the D&M Plan including, but not limited to, vegetative 

screening, paint color, or fence design at any time <luting or after preparation of the plan. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-76. Elements of a D&M plan 
(a) Key map. 
The D&M Plan shall include a key map for the site that is a reproduction at a scale of I 

inch = 2,000 feet of the most recent USGS topographic maps marked to show the site 
locations of the tower and associated equipment. 

(b) Plan drawings. 
The D&M plan shall consist of a map or blueprint at a scale of) inch= I 00 feet or less 

(called "plan drawings") and supporting documents, which shall contain the following 
information: 

(I) The edges of the proposed site and of any existing tower and associated equipment 
sites contiguous to or crossing it, and the identity of the prope1iy owner(s) ofrecord of such 
site(s); 

(2) Public roads and public lands crossing or adjoining the site; 
(3) The approximate location on the site of each 10-foot contom line; 
( 4) The approximate location, type, and height of the proposed tower and associated 

Revised: 2015-11 -5 R.C.S.A. §§ 16-50j-I-16-50j-91 
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equipment, position of guys, generalized description offmmdations, and the location of any 
utility or other structures to remain on the site or to be removed; 

(5) The probable points of access to the site including alternatives or options to the 

probable points of access; 
(6) The edges of existing and proposed clearing areas, the type of proposed clearing at 

the site, and the location and species identification of vegetation to be cleared; 
(7) Sensitive areas and conditions within and adjoining the tower site, including, but not 

limited to: 
(A) Wetland and watercomse areas regulated under Chapter 440 of the Connecticut 

General Statutes, and any locations where construction may create drainage problems; 
(B) Areas of high erosion potential; 
(C) Any known critical habitats or areas identified as having rare, threatened, 

endangered, or special concern plant or animal species listed by federal and state 

governmental agencies; 
(D) The location of any known underground utilities or resources including, but not 

limited to, electric lines, fuel lines, drainage systems, and natural or artificial, public or 

private water resources; 
(E) Residences or businesses within or adjoining the site that may be disrupted during 

the construction process; and 
(F) Significant environmental, historic and ecological features, including, but not limited 

to, significantly large or old trees, buildings, monuments, stone walls or areas of local 

interest. 
(c) Supplemental information. 
(1) Special environmental considerations arising from peculiar or unusual characte1istics 

of the site; 
(2) Special design features required by peculiar or unusual characteristics of the site; 

and 
(3) All construction and rehabilitation procedures with reasonable mitigation measures 

that shall be taken to protect the areas and conditions identified in Subsection (b )(7) of this 
Section of the Regulations of Connecticut State Agencies, including, but not limited to: 

(A) Construction techniques at wetland and watercourse crossings; 
(B) Sedimentation and erosion control and rehabilitation procedures, consistent with the 

Connecticut Guidelines for Soil Erosion and Sediment Control, as updated and amended, 
for areas of high erosion potential; 

(C) Precautions and all reasonable mitigation measures that shall be taken in areas within 
or adjoining the site to minimize any adverse impacts of such actions or modifications on 
endangered, threatened or special concern plant or animal species listed by federal and state 
governm ental agencies and critical habitats that are in compliance with federal and state 
recommended standards and guidelines, as amended; 

(D) Plans for modification and rehabilitation of surface, drainage and other hydro-logic 

features; 
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(E) Plans for watercourse bank restoration in accordance with the provisions of Chapter 
440 of the Connecticut General Statutes; and 

(F) Plans for the protection of historical and archaeological resources with review and 
comment from a state historic preservation officer of the Department of Economic and 
Community Development, or its successor agency. 

( 4) The location of public recreation areas or activities known to exist or being proposed 
in or adjacent to the proposed site; 

(5) Plans for the method and type of vegetative clearing and maintenance to be used for 
the proposed site; 

(6) Plans for the ultimate disposal of excess excavated material, stump removal and for 
the periodic maintenance of the site; 

(7) Locations of areas where blasting is anticipated; 
(8) Rehabilitation plans, including, but not limited to, reseeding and topsoil restoration; 

and 

(9) Such site-specific info1mation as the Council may require. 

(Effective March 7, 1989; Amended September 7, 2012) 

Sec. 16-S0j-77. Reporting requirements 
(a) Supervisory Personnel. 
The certificate holder, or facility owner or operator, shall submit to the Council contact 

information for the personnel of the contractor assigned to the project. 
(b) Notice. 
(1) The certificate holder, or facility owner or operator, shall provide the Council, in 

writing, with a minimum of two weeks advance notice of the beginning of: 
(A) clearing and access work, and 
(B) construction of the tower and associated equipment. 
(2) The certificate holder, or facility owner or operator, sball provide the Council with 

advance written notice whenever a significant modification of the approved D&M plan is 
necessary including, but not limited to, a cliange in the location of the tower, associated 
equipment, guy wires, or access road. The Council, or its designee shall promptly review 
the changes, and the Council shall approve, modify, or disapprove the changes in accordance 
with subsection ( d) of Section l 6-50j-75 of the Regulations of Connecticut State Agencies. 

(3) The certificate holder, or facility owner or operator, shall provide the Council with a 
monthly construction progress repmt, or a construction progress repmt at time intervals 
determined by the Council, indicating changes and deviations from the approved D&M 
plan. The Council may approve the changes and deviations or request corrections or 
mitigating measures. 

(4) The certificate holder, or facility owner or operator, shall provide the Council with 
written notice of completion of construction and site rehabilitation. 

(c) Final report, 
The ce1tificate holder, or facility owner or operator, shaJl provide the Council with a final 

Revised: 2015-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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report not later than 180 days after completion of all site constmction and site rehabilitation. 
This final report shall identify: 

(1) all agreements with abutters or other property owners regarding special maintenance 

precautions; 
(2) significant modifications of the D&M plan that were required because of the property 

rights of underlying and adjoining owners or for other reasons; 
(3) the location of construction materials which have been left in place in the form of 

culverts, erosion control strnctures along watercourses and steep slopes, and corduroy roads 

in regulated wetlands; 
(4) the location of special areas where special planting and reseeding have been done; 

and 
(5) agreements between the certificate holder and public agencies authorizing public 

recreational use of the site to the extent of the certificate holder's property rights thereto. 
(d) The final report shall include the actual constmction cost of the tower and associated 

equipment, including, but not limited to, the following costs: 
( 1) construction of the tower and associated equipment; 
(2) site rehabilitation; and 
(3) property acquisition for site or access to site. 
(e) Protective Order. 
The certificate holder, or facility owner or operator, may file a motion for a protective 

order pertaining to commercial or financial information related to the site or access to the 
site. 

(Effective May 28, 1985; Amended September 7, 2012) 

Sec. 16-S0j-78- 16-S0j-79. Reserved 

Rules of Practice 

Telecommunication Tower 

Sec. 16-S0j-80- 16-S0j-84. Repealed 

Repealed May 28, 1985. 

Telecommunication Tower Development and Management Plan 

Sec. 16-S0j-85-16-S0j-87. Repealed 

Repealed May 28, 1985. 
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Part3 

Tower Sharing 

Sec. 16-50j-88. Procedm-e governed 

§16-50}-89 

A facility or any modification to a facility that the Council has determined satisfies the 
crite1ia of this section shall be deemed not to have a substantial adverse environmental effect 
and shall not require a certificate pursuant to Section 16-50k of the Connecticut General 
Statutes. Applications for proposed collocations or shared use of facilities, upon Council 
order approving the collocation or shared use, shall qualify for such exemption. The person 
requesting the collocation or shared use of a facility shall provide the Council with 
information in accordance with Section 16-50aa of the Connecticut General Statutes. 

(Effective September 7, 2012) 

Sec. 16-50j-89. Requirements for tower sharing 
(a) Application for tower sharing. 
A person requesting collocation or shared use of a facility tmder Section 16-S0aa of the 

Connecticut General Statutes shall file with the Council an application for tower sharing, 
which shall include, but not be limited to, the following information: 

( 1) A description of the facility with a site plan detailing existing and proposed antenna 
installations and associated equipment; 

(2) A description of the proposed antenna installation and associated equipment, 
including, but not limited to, types, numbet; height and configuration of antennas, location 
of associated equipment and utility connections; 

(3) A structural analysis of the tower performed by an engineer licensed in the State of 
Connecticut with a certification that the proposed shared use is technically feasible; 

( 4) A letter from the owner of the facility that the owner agrees to the proposed shared 
use of the facility; 

(5) A description of any potential enviromnental impact associated with the proposed 
shared use, including, but not limited to, on visibility, wetlands and water resources, air 
quality and noise; 

(6) A calculation based on an approved methodology prescribed by the Federal 
Communications Commission of the power density of the radio frequency emissions to be 
generated by the existing antennas and the antennas to be installed; 

(7) Such infonnation as the applicant may consider relevant; and 
(8) Such additional information as the Council may request. 
(b) Feasibility Proceeding. 
Upon request of the p erson seeking shared use of a facility, the Council shall initiate a 

feasibility proceeding under Section 16-50aa of the Connecticut General Statutes to 
determine whether the proposed shared use of a facility is technically, legally, 
envi.romnentally and economically feasible and meets public safety concerns. The contested 
case provisions of Sections 16-S0j- l 3 to l 6-50j-34, inclusive, of the Regulations of 

Revised: 20 15-11-5 R.C.S.A. §§ 16-50j-l- 16-50j-91 
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Connecticut State Agencies shall govern the practice and procedme of the Council in any 
feasibility proceeding concerning the prnposed shared use of a facility. 

(Effective September 7, 2012) 

Sec. 16-S0j-90. Completeness review 
(a) Submission of Tower Share application to the Council. 
No tower share application shall be approved until a complete application containing all 

information deemed relevant by the Council has been filed. Relevant information shall at a 
minimum include that listed in Section l 6-50j-89 of the Regulations of Connecticut State 
Agencies unless an explanation of inelevancy is provided for any item omitted from an 
application. The Council wi 11 reserve final judgment of an item's relevancy. 

(b) Notification of completeness. 
No later than 30 days after receipt of a tower share application, the Council shall notify 

the applicant in writing as to the lack of completeness of the application. If an applicant 
fails or refuses to correct any deficiencies in the manner directed and within the time 
prescribed by the Council, the application may be refused for Jack of proper submission. 

(Effective September 7, 2012) 

ARTICLE6 

HAZARDOUS WASTE FACILITIES 

Sec. 16-S0j-91. Procedure governed 
The rules contained in Sections 22a-116-l to 22a-l 16-B-1 l , inclusive, of the Regulations 

of Connecticut State Agencies govern the practice and procedure for hazardous waste 
facilities siting before the Connecticut Siting Council under the applicable laws of the state 
of Connecticut and except where by statute othetwise provided. 

(Effective September 7, 2012) 

Sec. 16-S0j-92. Application for a certificate of environmental compatibility and 
public need 

Pursuant to Section 16-S0lc of the Connecticut General Statutes, any person seeking to 
construct, operate and maintain a wind turbine facility with a generating capacity of more 
than 65 megawatts shall file an application for a ce1tificate. The application shall be filed 
with the Council in accordance with the filing requirements of Secti.on 16-50j-59 of the 
Regulations of Connecticut State Agencies and Sections 16-50/-1 to 16-50!-5, inclusive, of 
the Regulations of Connecticut State Agencies. The application filed with the Council shall 
also include additional info1mation required to be submitted to the Council as pa1t of the 
application under Section 16-50j-94 of the Regulations of Connecticut State Agencies. A 
motion for protective order may be filed with the Council for any information that may 
qualify as proprietmy or critical energy infrastructure information pursuant to Subsection 

R.C.S.A. §§ 16-50j- l- 16-50j-91 Revised: 2015-11-5 
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( d) of Section l 6-50j-22a of the Regulations of Connecticut State Agencies. 

(Effective May 9, 2014) 

Sec. 16-S0j-93. Petition for a declarato1·y ruling 

§16-50)-94 

Pursuant to Subsection (a) of Section l 6-50k of the Connecticut General Statutes, any 
person seeking to constrnct, operate and maintain a customer-side distributed resources 
project or a grid-side distributed resources project with a capacity of not more than 65 
megawatts or a wind turbine facility with a capacity of less than one megawatt provided 
the facility fails to meet the criteria for exemption under Section l 6-50i (a)(3) of the 
Connecticut General Statutes, shall file a petition for a declaratory ruling. The petition for 
a declaratory ruling shall be filed with the Council in accordance with the filing requirements 
of Sections 16-50j-38 to 16-50j-40, inclusive, of the Regulations of Connecticut State 
Agencies. The petition for a declaratory mling filed with the Council shall also inciude 
additional information required to be submitted to the Council as part of the petition under 
Section l 6-50j-94 of the Regulations of Connecticut State Agencies. A motion for protective 
order may be filed with the Council for any information that may qualify as proprietary or 
critical energy infrastrncture information pursuant to Subsection (d) of Section l 6-50j-22a 
of the Regulations of Connecticut State Agencies. 

(Effective May 9, 2014) 

Sec. l 6-S0j-94. Additional information required 
(a) Notification. 
In addition to the notification requirements under Subsection ( d) of Section l 6-50j-12 of 

the Regulations of Connecticut State Agencies, as applicable, each application for a 
certificate or petition for a declaratory rnling for a wind turbine facility shall be accompanied 
by proof of service of a copy of the application or petition for a declarat01y ruling on the 
following entities: 

(1) Depaiiment of Defense. The applicant or petitioner shall notify and consult with the 
Executive Director of the Depaitment of Defense Siting Cleatinghouse and the Depaitment 
of Defense Regional Environmental Coordinator at Commander

0 
Navy Region Mid

Atlantic. Any comments and recommendations received from the Department of Defense 
shall be submitted to the Council. 

(2) Federal Aviation Administration. The applicant or petitioner shall notify and consult 
with the Federal Aviation Administration. Any comments and recommendations received 
from the Federal Aviation Administration shall be submitted to the Council. 

(3) State Historic Preservation Office. The applicant or petitioner shall notify and consult 
with the State Historic Preservation Office , or its successor agency. Any comments and 
recommendations received from the State Historic Preservation Office, or its successor 
agency, shall be submitted to the Council. 

( 4) Telecommunications Infrastructure Owners and Operators. The applicant or petitioner 
shall notify and consult with public and private owners and operators of telecommunications 

Revised: 2015-11-5 R.C.S.A . §§ 16-50j-l-16-50j-91 
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infrastructure within a two-mile radius of the proposed site and any alternative sites for 
wind turbine facilities. Any comments or recommendations received from the owners and 
operators of telecommunications infrastructure shall be submitted to the Council. 

(b) Abutting properties map. 
The applicant or petitioner shall submit a map that depicts the dimensions of the proposed 

site and any alternative sites, the names and addresses of abutting property owners and the 
dimensions of the abutting properties that clearly delineates the setback distance in feet 
from each of the proposed wind turbine locations and any alternative wind turbine locations 
for the proposed site and any alternative sites to each abutting prope1ty line. 

( c) Visual Impact Evaluation Report. 
The applicant or petitioner shall submit a visual impact evaluation report that analyzes 

the potential visibility of each of the. proposed wind turbine locations and any alternative 
wind turbine locations for the proposed site and any alternative sites that includes: 

(1) A detailed description of the potential visibility of each of the proposed wind turbine 
locations and any alternative wind turbine locations for the proposed site and any alternative 
sites, including a description of the potential visibility of the wind turbine heights, wind 
turbine tower heights and blade lengths, the sites, sun-ounding land uses, average tree canopy 
height and m ethodology used to evaluate visibility. 

(2) A study area map for the proposed site and any alternative sites depicting the view
shed analyses study area radius used in accordance with Subdivision (3) of this section that 
delineates the view-shed radius, site boundaries of the proposed and any alternative sites, 
and locations of the photographic simulations submitted in accordance with Subdivision 

(4) of this section. 
(3) View-shed analyses for the proposed site and any alternative sites depicting areas of 

potential year-round and seasonal visibility of each wind turbine, specifying the wind turbine 
heights, wind turbine tower heights and blade lengths, using a study area radius that is based 
on the wind turbine height of each of the proposed wind tu1bine locations and any alternative 
wind turbine locations at the proposed site and any alternative sites as follows: 

(A) less than 200 feet - 2 mile radius 
(B) between 200 feet and 400 feet- 4 mile radius 
(C) between 400 feet and 600 feet- 6 mile radius 
(D) greater than 600 feet- 8 mile radius 
If the study area radius truncates any area of potential year-round and seasonal visibility, 

the applicant or petitioner shall expand the study area radius to include the entire area of 
potential visibility. The view-shed analyses shall depict the site boundaries of the proposed 
site and any alternative sites, the proposed wind turbine locations and any alternative wind 
turbine locations, town boundaries, and, as applicable, historic sites, historic districts, state 
and locally designated scenic roads, recreational areas, open space and conservation areas, 
schools, trails, forests, parks, and water resources. 

(4) Photographic simulations frotn locations that may have potential seasonal and year
round visibility of each of the proposed wind turbines and any alternative wind turbines at 
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the proposed site and any alternative sites, specifying the visibility of the wind turbine 
heights, wind tmbine tower heights and blade lengths. 

(5) Identification of any potential mitigation measures to minimize visual impact, 
including paint color of the facility, vegetative screening and landscaping. 

(6) For wind turbine facilities with a capacity of more than 65 megawatts, the applicant 
shall submit, as part of the Visual Impact Evaluation Report, a separate view-shed analysis 
for the proposed site and any alternative sites using a study area radius of 10 miles that 
depicts the site boundaries, the proposed wind turbine locations and any alternative wind 
turbine locations, town bOlmdaries, and, as applicable, historic sites, historic districts, state 
and locally designated scenic roads, recreational areas, open space and conservation areas, 
schools, trails, forests, parks, water resources, militaiy bases, airports and weather stations, 
Each such application for a certificate shall be accompanied by proof of service of a copy 
of the application on all of the municipalities within the 10 mile study ai·ea radius. 

(d) Noise Evaluation Report. 
The applicant or petitioner shall submit a noise evaluation rep01t for each of the proposed 

wind turbine locations and any alternative wind turbine locations at the proposed site and 
any alternative sites in accordance with the noise control regulations established by the 
Department of Energy and Environmental Protection under Sections 22a-69- l to 22a-69-7, 
inclusive, of the Regulations of Connecticut State Agencies. The rep01t shall include the 
following: 

( 1) A detailed description of the potential noise levels that would be generated by the 
proposed wind turbines and any alternative wind turbines at the proposed site and any 
alternative sites including existing sound levels at the proposed site and any alternative 
sites, projected sound levels to be generated by the operation of the proposed wind turbines 
and any alternative wind turbines, the methodology used to monitor and evaluate sound 
levels, the wind turbine manufacturer's technical documentation of the noise emission 
characteristics of the proposed wind turbines and any alternative wind turbines, and an 
analysis of compliance with the noise control regulations established by the Depaitment of 
Energy and Environmental Protection. 

(2) Calculations in accordance w ith the noise control regulations established by the 
Department of Energy and Environmental Protection, of projected maximwn cumulative 
sound levels generated when the prnposed wind turbines and any alternative wind turbines 
are in operation at the proposed site and any alternative sites measured at the prope1ty lines, 
projected maximum day-time and night-time sound levels generated when the proposed 
wind turbines and any alternative wind turbines are in operation measured at the nearest 
receptors, and projected maximum levels of infrasonic sound, ultrasonic sound, impulsive 
noise and prominent discrete tones generated when the proposed wind turbines and any 
alternative wind turbines are in operation at the proposed site and any alternative sites 
measured at the neai·est receptors. 

(3) A study area map for the proposed site and any alternative sites depicting the noise 
analysis study area radius, site boundai·ies, sound level monitoring locations and neai·est 
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receptor locations. 
( 4) Identification of any potential mitigation measw-es to minimize sound levels at the 

nearest receptor locations, including utilization ofbest practical noise control measures in 
accordance with Section 22a-69-l to 22a-69-7, inclusive, of the Regulations of Connecticut 

State Agencies. 
(e) Ice Drop and lee Throw Evaluation Report. 
The applicant or petitioner shall submit an ice drop and ice throw evaluation rep01i for 

each of the proposed wind turbine locations and any alternative wind turbine locations at 
the proposed site and any alternative sites that shall include: 

(1) A detailed description of the conditions at the proposed site and any alternative sites 
that may cause ice to be dropped or ice to be thrown, or both, from the wind turbine blades 
of the proposed wind turbines and any alternative wind turbines, the methodology used to 
evaluate and assess the risk of ice drop or ice throw, or both, and the wind turbine 
manufacturer's technical documentation relating to recommended ice drop and ice throw 
setback distances and installed ice monitoring devices and sensors. 

(2) Calculations in feet of the maximum distance that ice could be dropped from the 
wind turbine blades of each proposed wind turbine and any alternative wind turbines at the 
proposed site and any alternative sites when the wind turbines are stationaiy and calculations 
in feet of the maximum distance that ice could be thrown from the wind turbine blades for 
each proposed wind turbine and ai1y alternative wind turbines at the proposed site and any 
alternative sites when the wind turbines are in operation. 

(3) A study area map for the proposed site and any alternative sites depicting the ice 
throw study area radius, site boundaries and locations where ice could be dropped or 
locations where ice could be thrown from the wind turbine blades, or both, of each proposed 
wind turbine and any alternative wind turbines at the proposed site and any alternative sites 
when the wind turbines are stationary and in operation. 

( 4) Identification of any potential mitigation measures to minimize the risk, occuffence 
and impact of ice drop or ice throw, or both, from the wind turbine blades of each of the 
proposed wind turbines and any alternative wind turbines, including automatic and remote 
manual shutdown of the wind turbines. 

(f) Blade Shear Evaluation Report. 
The applicant or petitioner shall submit a blade shear evaluation report for each of the 

proposed wind turbine locations and any altemative wind turbine locations at the proposed 
site and any alternative sites that shall include: 

(1) A detailed description of the conditions at the proposed site and any alternative sites 
that may cause blade shear from each of the proposed wind turbines and any alternative 
wind turbines, the methodology used to evaluate and assess the risk of blade shear, and the 
manufacturer's technical documentation relating to recommended blade shear setback 
distances and installed blade monitoring devices and sensors. 

(2) Calculations in feet of the maximum distance that a blade could be sheared from 
each of the proposed wind turbines and any alternative wind turbines at the proposed site 
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and any alternative sites when the wind turbines are stationary and calculations in feet of 
the maximum distance that a blade could be sheared from each of the proposed wind 
turbines and any alternative wind turbines at the proposed site and any alternative sites 
when the wind turbines are in operation. 

(3) A study area map for the proposed site and any alternative sites depicting the blade 
shear study area radius, site boundaries and locations where a blade could be sheared from 
each of the proposed wind turbines and any alternative wind turbines at the proposed site 
and any alternative sites when the wind turbines are stationaiy and when the wind turbines 
are in operation. 

( 4) Identification of any potential mitigation measures to minimize the risk, occunence 
and impact of blade shear from each of the proposed wind turbines and any alternative wind 
turbines, including automatic and remote manual shutdown of the wind turbines. 

(g) Shadow Flicke1· Evaluation Report. 
The applicant or petitioner shall submit a shadow flicker evaluation report for each of 

the proposed wind turbine locations and any alternative wind turbine locations at the 
proposed site and any alternative sites that shall include: 

(I) A detailed description of the potential shadow-flicker producing features of each of 
the proposed wind turbines and any alternative wind turbines at the proposed site and any 
alternative sites, including, an analysis of conditions that may cause shadow flicker, the 
methodology used to evaluate shadow flicker and the manufacturer's technical 
documentation relating to shadow flicker. 

(2) Calculations from each proposed wind turbine and any alternative wind turbines at 
the proposed site and any alternative sites to each off-site occupied structure location within 
a one-and-a-quarter mile radius, including, the following: 

(A) distance in feet; 
(B) shadow length and intensity; 
(C) shadow flicker frequency; 
(D) specific times shadow flicker is predicted to occur; and 
(E) duration of shadow flicker measured in total annual hours. 
(3) A study area map of the proposed site and any alternative sites depicting the shadow 

flicker analysis study area radius, site boundaries, locations of the proposed wind turbines 
and locations of any alternative wind turbines, locations of off-site occupied structures, and 
areas of shadow flicker occUJTence identified according to total ai,nual hams. 

( 4) Identification of potential mitigation measures to minimize the impact of shadow 
flicker, including, vegetation, screening and fence construction. 

(h) Natural Resource Impact Evaluation Report. 
The applicant or petitioner shall submit a natural resource impact evaluation report for 

the proposed site and any alternative sites that includes bi.rd studies, bat studies, wetland 
studies, and tetTestrial and marine wildlife habitat studies, as applicable. The report shall 
also include: 

(1) A detailed description of the potential natural resource impacts as a result of the 
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construction, operation and maintenance of the proposed wind turbines and any alternative 
wind turbines at the proposed site and any alternative sites including an analysis of: 

(A) the topography, geology, vegetation, soil types, water resources, and avian, ten-estrial 
and marine wildlife habitat areas, as applicable; and 

(B) compliance with air and water quality standards of the Depattment of Energy and 

Enviromnental Protection; 
(C) compliance with the United States Fish and Wildlife Service Land-Based Wind 

Energy Guidelines, as applicable; and 
(D) compliance with site-specific recommendations provided by the Department of 

Energy and Environmental Protection Natural Resources Division. 
(2) Calculations based on the studies submitted in accordance with this subsection for 

the proposed site and any alternative sites that include, but are not limited to: 
(A) estimated number of bird fatalities; 
(B) estimated number of bat fatalities; 
(C) total square feet of permanent wetland impacts; 
(D) total square feet of temporary wetland impacts; 
(E) total square feet of permanent tenestrial and marine wildlife habitat impacts, as 

applicable; 
(F) total square feet of temporary tenestrial and marine wildlife habitat impacts, as 

applicable; 
(G) total acreage of site disturbance; 
(H) total acreage of site restoration; 
(I) total volume in cubic yards of cut required; and 
(J) total volume in cubic yards of fill required. 
(3) A study area map for the proposed site and any alternative sites depicting the natural 

resource impact analysis study area radius, site boundaries and locations of, as applicable, 
impo1tant bird areas, bat hibernacula, teJTestrial and marine wildlife habitat, as applicable, 
flood zones, wetlands and watercourses, forests, recreational areas, open space and 

conservation areas. 
( 4) Identification of potential mitigation measures to minimize natural resource impacts 

including, recommended protocols for protection of wetlands and wildlife, proposed open 
space or conservation areas, minimization of tree clearing, erosion and sedimentation 
controls, soil stabilization, re-vegetation and post-conshuction monitoring plans for avian, 
terrestt·ial and marine wildlife, as applicable. 

(5) For wind turbine facilities with a capacity of more than 65 megawatts, the applicant 
sha11 submit, as part of the Natural Resource Impact Evaluation Repmt, a Ten-est.rial Habitat 
Conservation plan for land-based wind turbine facilities or a Marine Habitat Conservation 
Plan for off-shore wind turbine facilities, for the proposed site and any alternative sites. The 
applicant sha11 consult with the United States Fish and Wildlife Service and the Department 
of Energy and Environmental Protection in the development of the Tenestrial or Maiine 

Habitat Conservation Plan. 

R.C.S.A. §§ 16-50j-1-16-50j-91 Revised: 2015-11-5 

- 50 -

 
005083

A
D
M
I
N
I
S
T
R
A
T
I
V
E
 
R
E
C
O
R
D
 
-
 
S
c
a
n
 
2
 
-
 
P
a
g
e
 
1
7
3
 
o
f
 
4
4
9

-
 
P
a
g
e
 
2
5
7
 
-



Exhibit_DK-2 
Page 142 of 626

Regulations of Connecticut State Agencies 

TITLE 16. Public Service companies 

Connecticut Siting Council 

(i) Decommissioning Plan. 

§16-50)-94 

Any application for a certificate for a wind turbine facility or petition for a declaratmy 
ruling for a wind turbine facility shall contain a decommissioning plan for the proposed site 
and any alternative sites that shall include: 

(1) the projected useful life of the wind turbines; 
(2) identification of any circumstances that would trigger decommissioning of the facility 

in advance of the projected useful life of the wind turbines; 

(3) a description of the method by which foundations, wind turbines, associated 
equipment and components will be dismantled and removed; 

(4) a description of the method by which the site will be restored as near as possible to 
its original condition, including, stabilization, re-grading and re-vegetation; 

(5) an estimate of the total cost of implementing the decommissioning plan calculated 
by a certified professional engineer based on the projected useful life and the projected 
salvage value of the facility; and 

(6) financial assurance to ensure that sufficient funds are available for decommissioning 
the facility. 

For purposes of this section, financial assurance may include a performance bond, surety 
bond, letter of credit, corporate guarantee, escrow, deposit, insurnnce, certificate of deposit, 
domestic security, trust, any combination of such financial devices, or any other form of 
financial device that is acceptable to the Council to ensure sufficient funds are available for 
decommissioning the facility. 

(j) Waivers. 
(1) Agreements. Pursuant to Section 16-500 of the Connecticut General Statutes, the 

applicant or petitioner shall submit any agreements entered into with any abutting prope1ty 
owner of record to waive the requirements under subsections (a) and ( c) of section l 6-50j-
95 of the Regulations of Connecticut State Agencies. 

(2) Requests. The applicant or petitioner shall submit to the Council any request for a 
w aiver of the requirements under subsections (a) and (c) of section 16-50j-95 of the 
Regulations of Connecticut State Agencies at the time an application or petition is filed with 
the Council. If the Council finds good cause for a waiver of the requirements under 
subsections (a) and (c) of section 16-50j-95 of the Regulations of Connecticut State 
Agencies dwing a public hearing, the applicant or petitioner shall provide notice by certified 
mail to the abutting property owner of record that includes, the following: 

(A) notice of the requirements under subsections (a) and (c) of section 16-50j-95 of the 
Regulations of Connecticut State Agencies; 

(B) notice of the criteria considered for a good cause determination to waive the 
requirements under subsections (a) and (c) of section l 6-50j-95 of the Regulations of 
Cmmecticut State Agencies; 

(C) notice of the wind turbine manufacturer's recommended setback distances; and 
(D) notice that the abutting prope1ty owner ofrecord is granted a 30-day period of time 

from the date notice by certified mail is sent to an abutting prope1ty owner of record to 
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provide written comments on the proposed waiver of the requirements under subsections 
(a) and (c) of section 16-S0j-95 of the Regulations of Connecticut State Agencies to the 
Council or to file a request for party or intervenor status with the Council pursuant to 
Sections l 6-S0j-13 to l.6-S0j-17, inclusive, of the Regulations of Connecticut State 

Agencies. 

(Effective May 9, 2014) 

Sec. 16-50j-95. Considerations for decision 
In making its decision to grant or deny an application for a certificate or to issue or not 

to issue a petition for a declaratory ruling, the Council shall, consistent with the Uniform 
Administrative Procedure Act, Chapter 54 of the Connecticut General Statutes, and the 
Public Utility Environmental Standards Act, Chapter 277a of the Connecticut General 
Statutes, consider, among other relevant facts and circumstances, the following factors: 

(a) Setback Distances. 
(1) Requirements. 
(A) Any application for a certificate for a proposed wind turbine facility with a capacity 

of more than 65 megawatts shall include setback distances from each of the proposed wind 
turbine locations and any alternative wind turbine locations of not less than 2.5 times the 
wind turbine height from all property lines at the proposed site and any alternative sites or 
shall comply with the wind turbine manufacturer's recommended setback distances, 
whichever is greater. A copy of the wind turbine manufacturer's recommended setback 
distances shall be included in the application or petition. In its discretion, the Council may 
require greater setback distances based on the results of any evaluation repmt submitted 
under Section 16-50j-94 of the Regulations of Connecticut State Agencies. 

(B) Any petition for a declaratory mling for a proposed wind turbine facility with a 
capacity ofless than 65 megawatts shall include setback distances from each of the proposed 
wind turbine locations and any alternative wind turbine locations of not less than 1.5 times 
the wind turbine height from all property lines at the proposed site and any alternat ive sites 
or shall comply with the wind turbine manufacturer 's recommended setback distances, 
whichever is greater. A copy of the wind turbine manufacturer 's recommended setback 
distances shall be included in the application or petition. In its discretion, the Council may 
require greater setback distances based on the results of any evaluation report submitted 
under Section 16-50j-94 of the Regulations of Connecticut State Agencies. 

(2) Waiver of requirements. The minimum required setback distances for each of the 
proposed wind turbine locations and any alternative wind turbine locations at the proposed 
site and any alternative s ites may be waived, but in no case shall the setback distance from 
the proposed wind turbines and any alternative wind turbines be less than the manufacturer's 
recommended setback distances from any occupied residential strncture or less than 1.5 
times the wind turbine height from any occupied residential stmcture, whichever is greater: 

(A) by submission to the Council of a written agreement between the applicant or 
petitioner and abutting property owners of record stating that consent is granted to allow 

R.C.S.A. §§ 16-50j-l- 16-50j-91 Revised: 2015-11-5 

- 52 -

 
005085

A
D
M
I
N
I
S
T
R
A
T
I
V
E
 
R
E
C
O
R
D
 
-
 
S
c
a
n
 
2
 
-
 
P
a
g
e
 
1
7
5
 
o
f
 
4
4
9

-
 
P
a
g
e
 
2
5
9
 
-



Exhibit_DK-2 
Page 144 of 626

Regulations of Connecticut State Agencies 

TITLE 16. P ublic Service companies 

Connecticut Siting Council 

reduced setback distances; or 

§16-50)-96 

(B) by a vote of two-thirds of the Council members present and voting to waive the 
minimum required setback distances upon a showing of good cause, which includes 
consideration of: 

(i) land uses and land use restrictions on abutting parcels; 
(ii) public health and safety; 
(iii) public benefit and reliability; 
(iv) environmental impacts; 
(v) policies of the state; and 
(vi) wind tw-bine design and technology. 
(b) Noise. 
Noise levels generated by the operation of each of the proposed wind turbines and any 

alternative wind turbines at the proposed site and any alternative sites shall comply with 
the D epartment of Energy and Environmental Protection Noise Control Regulations under 
Sections 22a-69-1 to 22a-69-7, inclusive, of the Regulations of Connecticut State Agencies. 

( c) Shadow Flicker. 
(1) Requirements. Shadow flicker shall not occur more than 30 total annual hours 

cumulative at any off-site occupied structure location from each of the proposed wind 
turbine locations and any alternative wind turbine locations at the proposed site and any 
alternative sites. 

(2) Waiver of Requirements. The maximum total annual hours of shadow flicker 
generated by the operation of each of the proposed wind turbines and any alternative wind 
turbines at the proposed site and any alternative sites may be waived: 

(A) by submission to the Council of a written agreement between the app licant or 
petitioner and prope1ty owners of record stating that consent is granted to allow excess total 
annual hours of shadow flicker; or 

(B) by a vote of two-thirds of the Council members present and voting to waive the total 
annual hours of shadow flicker requirements upon a showing of good cause, which includes 
consideration of: 

(i) land uses and land use restiicrions on abutting parcels; 
(ii) public health and safety; 
(iii) public benefit and reliability; 
(iv) environmental impacts; 
(v) policies of the state; and 
(vi) wind turbine design and technology. 

(Effective May 9, 2014) 

Sec. 16-S0j-96. Requirement for a Development and Management (D&M) Plan 
The Council shall require the preparation of a full or partial D&M Plan for a proposed 

wind turbine facility or modification of an existing wind turbine facility. The full or partial 
D&M Plan shall be prepared in accordance with the final decision rendered by the Council 
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and in accordance with Sections 16-50j-60 to 16-50j-62, inclusive, of the Regulations of 
Connecticut State Agencies. 

(Effective May 9, 2014) 
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2019-02-14, 1)20 PMWind turbines and photosensitive epilepsy | Epilepsy Society
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You Are Here: Home  » About Epilepsy  » Epileptic Seizures  » Seizure Triggers  » Photosensitive Epilepsy  » Wind Turbines And Photosensitive
Epilepsy

Wind Turbines And Photosensitive Epilepsy

Some people worry about the possibility of wind turbines triggering epileptic seizures in people with photosensitive epilepsy. Photosensitive
epilepsy affects up to 3% of people with epilepsy and is triggered by Eashing lights or certain patterns.

Under certain conditions a wind turbine’s rotating blades cast a shadow from the sun, having the effect of ‘shadow Eicker’. Studies show that for this to be
a potential problem for people with photosensitive epilepsy, a number of factors need to happen at the same time:

Reducing the risk of photosensitive triggers

If someone with photosensitive epilepsy Lnds themselves facing any photosensitive trigger, covering one eye with their hand immediately reduces the risk,
as the photosensitive effect relies on both eyes receiving the same trigger. Closing their eyes would not stop a photosensitive effect and may even worsen
the effect.   If you have had a seizure directly triggered by shadow Eicker from wind turbines, and you’d like to tell us about it, we would like to hear from
you. Please contact us via our online form or call our helpline.

 

The turbine blades would need to rotate at speeds faster than 3 hertz (Eashes per second). Turbines on commercial
wind farms rotate at speeds under 2 hertz. Smaller, private turbines can rotate faster as they are not subject to the
same regulations on rotation speed.
The sun would need to be bright enough, and in just the right position and angle from the horizon in relation to the
turbine, to cast shadows of enough intensity and length. The weather and atmospheric conditions in the UK for most
of the year reduce this possibility down greatly.
The person with photosensitive epilepsy would need to be within a certain distance from the turbine. Regulations for
commercial wind farms include placing wind farms at enough distance from private dwellings for it not to affect
people in their houses.
The person would need to be looking at the turbine, with the sun behind the turbine. As most people will avoid
looking directly at the sun, this further reduces the risk. 

Cookies on this website
Our website uses cookies. By continuing we assume your permission to deploy cookies, as detailed in our privacy policy. X
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Hinweise zur Ermittlung und Beurteilung der optischen Immissionen von
Windenergieanlagen
(WEA-Schattenwurf-Hinweise)

0. Vorbemerkung

Im Rahmen der zur Verfügung stehenden erschöpflichen Ressourcen hat die alter-
native/regenerative Energieerzeugung einen hohen Stellenwert, hier insbesondere
die Nutzung der Windenergie. Moderne Windenergieanlagen (WEA) haben kaum
noch etwas mit den "Windmühlen" früherer Generationen gemeinsam, werfen aber
durch ihre Anzahl, Größe und Erscheinungsbilder bisher nicht gekannte Probleme
aufgrund der Belästigungen durch Lärm und optische Effekte auf.
Hinsichtlich der Lärmeinwirkungen bestehen Regelungen, die insoweit betroffenen
Nachbarn entsprechenden Schutz bieten. Für die Beurteilung der Einwirkung durch
Lichtblitze und bewegten, periodischen Schattenwurf durch den Rotor einer WEA hat
der Gesetzgeber bisher keine rechtsverbindlichen Vorschriften mit Grenz- oder
Richtwerten erlassen oder in Aussicht gestellt.

Wissenschaftliche Untersuchungen belegen die Erfahrung, dass optische Immissio-
nen insbesondere in Form periodischen Schattenwurfs zu erheblichen Belästigungs-
wirkungen (Stressor) führen können. Unter Berücksichtigung dieser Untersuchungen
und Anhörungen von Gutachtern sollen diese Hinweise eine einheitliche und praxis-
nahe Ermittlung und Beurteilung der optischen Immissionen von Windenergieanla-
gen ermöglichen.

1.  Allgemeines

1.1 Anwendungsbereich und immissionsschutzrechtliche Grundsätze

Die Hinweise finden Anwendung bei der Beurteilung der optischen Wirkungen von
WEA auf den Menschen. Sie umfassen sowohl den durch den WEA-Rotor verur-
sachten periodischen Schattenwurf als auch die Lichtreflexe („Disco-Effekt“) und sind
Immissionen im Sinne des Bundes-Immissionsschutzgesetzes (BImSchG) [1]. Nicht
als Immission gilt jedoch die sonstige Wirkung einer WEA aufgrund der Eigenart der
Rotorbewegung, die ein zwanghaftes Anziehen der Aufmerksamkeit mit entspre-
chenden Irritationen bewirken kann.

Die Hinweise enthalten Beurteilungsmaßstäbe zur Konkretisierung der Anforderun-
gen aus § 5 Abs. 1 Nrn. 1 und 2 und § 22 Abs. 1 des Bundes-
Immissionsschutzgesetzes (BImSchG).

Als Gegenstand von Anordnungen kommen technische Maßnahmen sowie zeitliche
Beschränkungen des Betriebes der WEA in Betracht. Eine Stilllegung kommt nur in
Betracht, wenn ihr Betrieb zu Gefahren für Leben, Gesundheit oder bedeutende
Sachwerte führt. Für optische Immissionen bei WEA dürfte dieses in der Regel nicht
gegeben sein.
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1.2 Begriffsbestimmungen

Lichtblitze (Disco-Effekte) sind periodische Reflexionen des Sonnenlichtes an den
Rotorblättern.
Sie sind abhängig vom Glanzgrad der Rotoroberfläche und vom Reflexionsvermögen
der gewählten Farbe.

Kernschatten ist vom Immissionsort aus betrachtet die vollständige Verdeckung der
Sonne durch das Rotorblatt.

Halbschatten ist vom Immissionsort aus betrachtet die nicht vollständige Verdek-
kung der Sonne durch das Rotorblatt.

Periodischer Schattenwurf ist die wiederkehrende Verschattung des direkten Son-
nenlichtes durch die Rotorblätter einer Windenergieanlage. Der Schattenwurf ist da-
bei abhängig von den Wetterbedingungen, der Windrichtung, dem Sonnenstand und
den Betriebszeiten der Anlage. Vom menschlichen Auge werden Helligkeits-
unterschiede größer als 2,5 % wahrgenommen [3].

Beschattungsbereich ist die Fläche, in der periodischer Schattenwurf auftritt.

Astronomisch maximal mögliche Beschattungsdauer (worst case) ist die Zeit,
bei der die Sonne theoretisch während der gesamten Zeit zwischen Sonnenauf- und
Sonnenuntergang durchgehend bei wolkenlosem Himmel scheint, die Rotorfläche
senkrecht zur Sonneneinstrahlung steht und die Windenergieanlage in Betrieb ist.

Tatsächliche Beschattungsdauer ist die vor Ort real ermittelte und aufsummierte
Einwirkzeit an periodischem Schattenwurf. Beträgt die Bestrahlungsstärke der direk-
ten Sonneneinstrahlung auf der zur Einfallsrichtung normalen Ebene mehr als 120
W/m2, so ist Sonnenschein mit Schattenwurf anzunehmen. Die Umrechnung in die
Beleuchtungsstärke ist im Anhang aufgeführt.

Meteorologisch wahrscheinliche Beschattungsdauer ist die Zeit, für die der
Schattenwurf unter Berücksichtigung der üblichen Witterungsbedingungen berechnet
wird. Als Grundlage dienen die langfristigen Messreihen des Deutschen
Wetterdienstes (DWD).

Maßgebliche Immissionsorte sind
a) schutzwürdige Räume, die als

− Wohnräume, einschließlich Wohndielen
− Schlafräume, einschließlich Übernachtungsräume in Beherbergungsstätten und

Bettenräume in Krankenhäusern und Sanatorien
− Unterrichtsräume in Schulen, Hochschulen und ähnlichen Einrichtungen
− Büroräume, Praxisräume, Arbeitsräume, Schulungsräume und ähnliche Arbeits-

räume genutzt werden.

Direkt an Gebäuden beginnende Außenflächen (z. B. Terrassen und Balkone) sind
schutzwürdigen Räumen tagsüber zwischen 6:00 - 22:00 Uhr gleichgestellt.
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b) unbebaute Flächen in einer Bezugshöhe von 2 m über Grund an dem am stärk-
sten betroffenen Rand der Flächen, auf denen nach Bau- oder Planungsrecht
Gebäude mit schutzwürdigen Räumen zulässig sind.

1.3 Grundlagen der Ermittlung und Bewertung von Immissionen durch periodi-
schen Schattenwurf

Ziel ist die sichere Vermeidung erheblicher Belästigungen, die durch periodische
Lichteinwirkungen (optische Immissionen) durch WEA entstehen können. Die Erheb-
lichkeit einer Belästigung hängt nicht nur von deren Intensität ab, sondern auch we-
sentlich von der Nutzung des Gebietes, auf das sie einwirkt, von der Art der Einwir-
kungen sowie der Zeitdauer der Einwirkungen. Bei der Beurteilung sind alle WEA im
Umkreis einzubeziehen, die auf den jeweiligen Immissionspunkt einwirken. Einwir-
kungen durch periodischen Schattenwurf können dann sicher ausgeschlossen wer-
den, wenn alle in Frage kommenden Immissionsorte in der Anlagenumgebung au-
ßerhalb des möglichen Beschattungsbereiches der jeweiligen WEA liegen.
Der zu prüfende Bereich ergibt sich aus dem Abstand zur WEA, in welchem die Son-
nenfläche gerade zu 20 % durch ein Rotorblatt verdeckt wird. Da die Blatttiefe nicht
über den gesamten Flügel konstant ist, sondern zur Rotorblattspitze hin abnimmt, ist
ersatzweise ein rechteckiges Rotorblatt mit einer mittleren Blatttiefe zu ermitteln und
zugrunde zu legen:
(Mittlere Blatttiefe = 1/2 (max. Blatttiefe + min. Blatttiefe bei 0,9 * Rotorradius)) [7].
Der Beschattungsbereich kann für eine einzelne Anlage konservativ der Abbildung
im Anhang entnommen werden oder ansonsten im konkreten Einzelfall nachgewie-
sen werden. Darüber hinaus kann der Beschattungsbereich nach Freund [3] be-
stimmt werden.
Soweit mehrere WEA zu Immissionsbeiträgen führen können, gelten die Ausführun-
gen für jede Einzelanlage. Höhendifferenzen im Gelände zwischen Standort der
WEA und dem Immissionsort (z. B. bei Aufstellung einer WEA auf einem Hügel) sind
zu berücksichtigen.
Eine Differenzierung in Kern- oder Halbschatten ist für die Belästigung nicht be-
deutsam.

Soweit sich zu berücksichtigende Immissionsorte innerhalb des Beschattungsberei-
ches von WEA befinden, muss mit zeitweilig auftretenden wiederkehrenden Belästi-
gungswirkungen gerechnet werden.

Von Relevanz sind die an einem Immissionsort tatsächlich auftretenden bzw. wahr-
nehmbaren Immissionen, die nur bei bestimmten Wetterbedingungen auftreten kön-
nen. Eine Einwirkung durch zu erwartenden periodischen Schattenwurf wird als nicht
erheblich belästigend angesehen, wenn die astronomisch maximal mögliche Be-

schattungsdauer [8] [9] unter kumulativer Berücksichtigung aller WEA-Beiträge am
jeweiligen Immissionsort in einer Bezugshöhe von 2 m über Erdboden nicht mehr als
30 Stunden pro Kalenderjahr und darüber hinaus nicht mehr als 30 Minuten pro
Kalendertag beträgt. Bei der Beurteilung des Belästigungsgrades wurde eine durch-
schnittlich empfindliche Person als Maßstab zugrunde gelegt.

Bei Überschreitung der Werte für die astronomisch maximal mögliche Beschat-
tungsdauer kommen unter anderem technische Maßnahmen zur zeitlichen Be-
schränkung des Betriebes der WEA in Betracht. Eine wichtige technische Maßnahme
stellt als Gegenstand von Auflagen und Anordnungen die Installierung einer Ab-
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schaltautomatik dar, die mittels Strahlungs- oder Beleuchtungsstärkesensoren die
konkrete meteorologische Beschattungssituation erfasst und somit die vor Ort kon-
kret vorhandene Beschattungsdauer begrenzt. Da der Wert von 30 Stunden pro Ka-
lenderjahr auf Grundlage der astronomisch möglichen Beschattung entwickelt wurde,
wird für Abschaltautomatiken ein entsprechender Wert für die tatsächliche, reale
Schattendauer, die meteorologische Beschattungsdauer festgelegt. Dieser Wert
liegt auf Grundlage von [2] bei 8 Stunden pro Kalenderjahr.

2. Vorhersage des periodischen Schattenwurfs

Aus Gründen der Vergleichbarkeit und Nachvollziehbarkeit ist bei der Erstellung von
Immissionsprognosen von folgenden Vereinfachungen und Annahmen auszugehen:
Die Sonne ist als punktförmige Quelle anzunehmen und scheint tagsüber an allen
Tagen des Jahres. Es herrscht wolkenloser Himmel und für die Bewegung des Ro-
tors ausreichender Wind (100 % Verfügbarkeit). Die Windrichtung entspricht dem
Azimutwinkel der Sonne, die Rotorkreisfläche steht dann senkrecht zur Einfallsrich-
tung der direkten Sonneneinstrahlung. Den Berechnungen wird geographisch Nord
zugrunde gelegt. Abstände zwischen Rotorebene und Turmachse sind zu vernach-
lässigen. Die Lichtbrechung in der Atmosphäre (Refraktion) wird nicht berücksichtigt.

Der Schattenwurf für Sonnenstände unter 3° Erhöhung über Horizont kann wegen
Bewuchs, Bebauung und der zu durchdringenden Atmosphärenschichten in ebenem
Gelände vernachlässigt werden. Zur genaueren Ermittlung der astronomisch maxi-
mal möglichen Beschattungsdauer sollte von der effektiven Schatten werfenden Zo-
ne einer WEA ausgegangen werden. Diese Größe ergibt sich unter Einbeziehung der
Strahlungsdiffusion in der Atmosphäre [12].
Für das Summieren der Jahresstunden ist das Kalenderjahr mit 365 Tagen und für
das Summieren der täglichen Schattenzeiten der 24-Stunden-Tag zugrunde zu le-
gen.

Dauerhafte natürliche und künstliche lichtundurchlässige Hindernisse, die den peri-
odischen Schattenwurf von WEA begrenzen, können berücksichtigt werden.

In der abschließenden Zusammenfassung ist die astronomisch maximal mögliche
Beschattungsdauer anzugeben.

3. Beurteilung

Eine erhebliche Belästigung durch periodischen Schattenwurf liegt dann nicht vor,
wenn sowohl die Immissionsrichtwerte für die tägliche als auch die jährliche Be-
schattungsdauer durch alle auf den maßgeblichen Immissionsort einwirkenden
Windenergieanlagen unterschritten werden.

3.1 Immissionsrichtwerte für die jährliche Beschattungsdauer

Bei der Genehmigung von Windenergieanlagen ist sicherzustellen, dass der Immis-
sionsrichtwert für die astronomisch maximal mögliche Beschattungsdauer von 30
Stunden pro Kalenderjahr nicht überschritten wird. Bei Beschwerden hinsichtlich
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des Schattenwurfs durch bereits bestehende Anlagen ist die Einhaltung dieses Im-
missionsrichtwertes zu überprüfen.
Bei Überschreitungen ist durch geeignete Maßnahmen (siehe 4.1) die Einhaltung der
Immissionsschutzanforderungen dieser Hinweise zu gewährleisten. Bei Einsatz  ei-
ner Abschaltautomatik, die keine meteorologischen Parameter berücksichtigt, ist
durch diese auf die astronomisch maximal mögliche Beschattungsdauer von 30
Stunden pro Kalenderjahr zu begrenzen. Wird eine Abschaltautomatik eingesetzt, die
meteorologische Parameter berücksichtigt (z. B. Intensität des Sonnenlichtes), ist auf
die tatsächliche Beschattungsdauer von 8 Stunden zu begrenzen.

3.2 Immissionsrichtwert für die tägliche Beschattungsdauer

Der Immissionsrichtwert für die tägliche Beschattungsdauer beträgt 30 Minuten.

In der Laborstudie der Universität Kiel [9] wurde festgestellt, dass bereits eine einma-
lige Einwirkung des Schattenwurfs von 60 Minuten zu Stressreaktionen führen kann.
Aus Vorsorgegründen wird daher die tägliche Beschattungsdauer auf 30 Minuten
begrenzt.

Dieser Wert gilt bei geplanten Anlagen für die astronomisch maximal mögliche
Beschattungsdauer, bei bestehenden Anlagen für die tatsächliche Schattendauer.
Bei Überschreitung dieses Richtwertes an mindestens drei Tagen ist durch geeignete
Maßnahmen die Begrenzung der täglichen Beschattungsdauer auf 30 Minuten zu
gewährleisten.

4. Auflagen und Minderungsmaßnahmen

4.1 Schattenwurf

Bei der Wahl von WEA-Standorten bestimmt sich das Maß der Vorsorgepflicht hin-
sichtlich der erreichbaren Immissionsminderung gegen Beschattung an maßgebli-
chen Immissionsorten einzelfallbezogen unter Berücksichtigung der Verhältnismä-
ßigkeit und den Anforderungen der Landes-/Bauleitplanung.
Überschreitet eine WEA die zulässigen Immissionsrichtwerte gemäß 3, so ist eine
Immissionsminderung durchzuführen, die die überprüfbare Einhaltung der Immissi-
onsrichtwerte zum Ziel hat. Diese Minderung erfolgt durch die gezielte Anlagenab-
schaltung für Zeiten real auftretenden oder astronomisch möglichen Schattenwurfs
an den betreffenden Immissionsorten. Bei der Festlegung der genauen Abschaltzei-
ten ist die räumliche Ausdehnung am Immissionsort (z. B. Fenster- oder Balkonflä-
che) zu berücksichtigen. Bei Innenräumen ist die Bezugshöhe die Fenstermitte. Bei
Außenflächen beträgt die Bezugshöhe 2 m über Boden.
Die ermittelten Daten zur Sonnenscheindauer und Abschaltzeit sollen von der Steu-
ereinheit über mindestens ein Jahr dokumentiert werden; entsprechende Protokolle
sollen auf Verlangen von der zuständigen Behörde einsehbar sein. Im Falle mehrerer
beitragender WEA ist eine Aufteilung der Immissionsbeiträge für den jeweiligen Im-
missionsort möglich.
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4.2  Lichtblitze

Störenden Lichtblitzen soll durch Verwendung mittelreflektierender Farben, z. B. RAL
7035-HR [6], und matter Glanzgrade gemäß DIN 67530/ISO 2813-1978 [5] bei der
Rotorbeschichtung vorgebeugt werden. Hierdurch werden die Intensität möglicher
Lichtreflexe und verursachte Belästigungswirkungen (Disco-Effekt) minimiert. Licht-
blitze aufgrund von Nässe oder Vereisung werden nicht berücksichtigt.
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Anhang

Berechnungsverfahren

Der Nachweis, dass eine bestimmte WEA keine schädlichen Umwelteinwirkungen
durch periodischen Schattenwurf verursacht, stützt sich im Rahmen von Planungs-
vorhaben und Anlagenüberwachung auf eine Schattenwurfprognose. Dies gilt eben-
so für die Ermittlung ggf. erforderlicher Abschaltzeiten von WEA.
Eine Schattenwurfprognose gründet sich auf einem Algorithmus zur Berechnung des
standort-, tages- und uhrzeitabhängigen Sonnenstandes. Zur Gewährleistung einer
einheitlichen Durchführung und vereinfachter Überprüfbarkeit wird der Bezug auf die
normierten und allgemein zugänglichen Berechnungsmodelle [10] bzw. [11] empfoh-
len.
Die Grundgenauigkeit der in eine Prognose eingehenden geometrischen Parameter
sollte ± 3 .....  10 m....    betragen. Die Bestimmung der Schattenwurfzeiten soll an
einer Genauigkeit von 1 min pro Tag orientiert sein. Absolute Zeitangaben sollen in
MEZ bzw. MESZ erfolgen.
Die möglichen Beschattungszeiten an allen relevanten Immissionsorten sollen in der
Schattenwurfprognose tageweise mit Anfangs-, Endzeitpunkt und Beschattungsdau-
er ausgewiesen sein; im Falle mehrerer WEA sollen die Beiträge der Anlagen einzeln
und tageweise aufsummiert entnehmbar sein. Pro Immissionsort ist die aufsummierte
Jahresbeschattungsdauer anzugeben.
Bestandteil einer Schattenwurfprognose sind weiterhin Auszüge aus topografischen
Karten, die Anlagenstandorte und Immissionsorte unter Angabe ihrer Gauß-Krüger-
Koordinaten mit Höhenangaben wiedergeben. Als Ergebnis können auch berechnete
Iso-Schattenlinien (Kurven gleicher Jahresbeschattungsdauer - insbesondere 30 h
Iso-Schattenlinie - in der Anlagenumgebung) ausgewiesen werden.

Software

Aufgrund des relativ großen Berechnungsaufwandes und der guten Berechnungs-
möglichkeiten mit Hilfe von Computerprogrammen empfiehlt sich der Einsatz geeig-
neter Software. Hierzu kann auf kommerzielle Programme zurückgegriffen werden.
Eine Prognose mit Hilfe geeigneter Tabellendaten ist ebenfalls möglich.
Verwendete Arbeitshilfen sollen die Anforderungen dieser Hinweise, z. B. bzgl. der
Berechnungsverfahren, berücksichtigen.

Exhibit_DK-2 
Page 155 of 626

 
005097

ADMINISTRATIVE RECORD - Scan 2 - Page 187 of 449

- Page 271 -



9

Arbeitshilfen

Tatsächliche Beschattungsdauer: Sonnenstand und Beleuchtungsstärke

Die resultierende Beleuchtungsstärke E [lx] in einer horizontalen Messfläche hängt
vom Einfallswinkel (Sonnenstand) [°] sowie dem fotometrischen Strahlungsäquivalent
[lx/Wm-2] ab, das von der Lichtbrechung (Refraktion) und der Lufttrübung bestimmt
wird und ebenfalls vom Sonnenstand abhängt.
Vom deutschen Wetterdienst werden folgende Eckdaten für die Beleuchtungsstärke
angenommen:

In erster Näherung ergeben sich daraus folgende Beleuchtungsstärken in Abhängig-
keit vom Sonnenstand:

Sonnenstand
[°]

Beleuchtungsstärke
[lx]

3 389
5 664

10 1402
15 2207
20 3071
25 3986
30 4942
35 5929
40 6935
45 7949
50 8959
55 9951
60 10912

Für das Addieren der Jahresstunden ist das Kalenderjahr mit 365 Tagen und für das
Addieren der täglichen Schattenzeiten der 24-Stunden-Tag zugrunde zu legen.

Sonnenauf- und –untergangszeiten [h:min; h:min]

Berlin Essen Hannover Karlsruhe München Schleswig Schwerin
1. Jan 8:17;16:03 8:37;16:34 8:32;16:18 8:21;16:40 8:04;16:31 8:44;16:07 8:32;16:05
1. Apr 5:41;18:41 6:08;19:07 5:56;18:56 6:04;18:59 5:52;18:44 5:54;18:58 5:48;18:50
1. Jul 3:48;20:32 4:20;20:52 4:03;20:47 4:26;20:34 4:18;20:17 3:51;21:00 3:49;20:47
1. Okt 6:07;17:44 6:33;18:10 6:22;17:59 6:26;18:06 6:13;17:53 6:24;17:58 6:16;17:51

Quelle: DWD/BSH2001

Sonnenstand
[°]

Beleuchtungsstärke
[lx]

Strahlungsäquivalent
[lx/Wm-2]

3 389 62
60 10.912 105
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Beschattungsdauer im Umfeld einer Windenergieanlage – Musterdaten

Koordinaten des Bezugsstandortes der WEA in ebenem Gelände:
Geographisch: 52° 00´ 00´´N  10° 00´ 00´´E (Mitte Deutschlands)
Gauß-Krüger (Bessel): 2 637 333 | 5 764 640
Bezugshöhe 2 m über Grund; horizontaler Rezeptor 0,1 x 0,1 m2

Lfd
Nr.

Naben-
höhe

[m]

Rotor-
durch-
messer

[m]

Azimut
von Nord
über Ost

[°]

Entfernung
WEA-

Immissionsort
[m]

Stun-
den/Jahr

Tage/
Jahr

Minu-
ten/Tag

1 0° 150 90 124 60
2 40° 300 25 62 32
3

60 40
120° 450 15 49 22

4 0° 250 83 111 56
5 40° 400 28 61 36
6

90 60
120° 650 14 46 22

7 0° 300 98 108 62
8 40° 500 37 76 38
9

100 80
120° 750 20 54 26

Aufgrund der Symmetrie des Beschattungsbereiches, korrespondierend mit dem ta-
gesbezogenen (scheinbaren) Sonnenlauf, sind für spiegelbildlich zur Nord-Süd-
Achse gelegene Immissionspunkte gleichartige Immissionen zu erwarten. Bei Über-
lagerung der Immissionen durch mehrere WEA beträgt die Gesamt-
Beschattungsdauer an einem Immissionsort maximal gleich die Summe der Be-
schattungsdauern durch die einzelnen immissionsbeitragenden WEA.
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BRIEF COMMUNICATION

Wind turbines, flicker, and photosensitive epilepsy:
Characterizing the flashing that may precipitate seizures

and optimizing guidelines to prevent them
∗Graham Harding, ∗Pamela Harding, and †Arnold Wilkins

∗Neurosciences Institute Aston University, Birmingham, United Kingdom; and †Department of Psychology,
University of Essex, Colchester, United Kingdom

SUMMARY
Wind turbines are known to produce shadow
flicker by interruption of sunlight by the turbine
blades. Known parameters of the seizure provok-
ing effect of flicker, i.e., contrast, frequency, mark-
space ratio, retinal area stimulated and percentage
of visual cortex involved were applied to wind tur-
bine features. The proportion of patients affected
by viewing wind turbines expressed as distance in
multiples of the hub height of the turbine showed
that seizure risk does not decrease significantly un-
til the distance exceeds 100 times the hub height.

Since risk does not diminish with viewing distance,
flash frequency is therefore the critical factor and
should be kept to a maximum of three per second,
i.e., sixty revolutions per minute for a three-bladed
turbine. On wind farms the shadows cast by one
turbine on another should not be viewable by the
public if the cumulative flash rate exceeds three per
second. Turbine blades should not be reflective.
KEY WORDS: Photosensitive epilepsy, Flicker,
Rotors, Visual discomfort, Wind farms, Wind tur-
bines, Green power.

The provision of energy from renewable sources has
produced a proliferation of wind turbines. Environmental
impacts include safety, visual acceptability, electromag-
netic interference, noise nuisance and visual interference
or flicker. Wind turbines are large structures and can cast
long shadows. Rotating blades interrupt the sunlight pro-
ducing unavoidable flicker bright enough to pass through
closed eyelids, and moving shadows cast by the blades on
windows can affect illumination inside buildings.

Planning permission for wind farms often consider
flicker, but guidelines relate to annoyance and are based
on physical or engineering considerations rather than the
danger to people who may be photosensitive.

PHOTOSENSITIVE EPILEPSY

Photosensitive epilepsy (PSE) occurs in one in 4,000 of
the population (Harding & Jeavons, 1994). The incidence

Accepted February 1, 2008; Online Early publication April 4, 2008.
Address correspondence to Professor Graham Harding, The Electro-

Diagnostic Centre Ltd, Greenfields, Upton Snodsbury, Worcester WR7
4NR, U.K. E-mail: gharding@wyenet.co.uk

Wiley Periodicals, Inc.
C© 2008 International League Against Epilepsy

is 1:1 per 100,000 per annum. Among 7–19 year-olds the
incidence is more than five times greater (Fish et al., 1993).
Photosensitivity persists in 75% of patients (Harding et al.,
1997).

PRECIPITANTS

Sunlight is a precipitant of photosensitive seizures,
whether reflected from waves, or interrupted as the subject
travels past an avenue of trees or railings. In 454 patients
Harding & Jeavons (1994) found 33 cases where seizures
had been precipitated by flickering sunlight.

Television is a common precipitant of seizures and
guidelines now prevent the broadcast of programs with
flicker at rates exceeding 3 flashes per second, the fre-
quency above which the chance of seizures is unacceptably
high.

FLICKER FROM ROTATING BLADES

The interruption of light by helicopter blades has caused
seizures (Johnson, 1963; Gastaut & Tassinari, 1966; Cush-
man & Floccare, 2007) but to our knowledge there are no
reports of seizures induced by rotating ceiling fans.
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Figure 1.
Proportion of patients with photosensitive epilepsy sensitive to flicker, shown as a function of the frequency, the
proportion of the cortex to which the flicker projects (estimated from the response to striped patterns, and the
modulation depth of the flicker (expressed as a Michelson fraction). The data are taken from Binnie et al. (2002).
Epilepsia C© ILAE

Large wind turbines usually rotate at between 30 and 60
revolutions per minute (rpm). Many are three-bladed and
operate at a constant speed, and at 60 rpm produce flicker
at a rate of 3 Hz; some two bladed wind turbines also exist.
Turbines that rotate faster or have more blades will produce
flicker at frequencies for which the chances of seizures are
unacceptably high. Smaller variable-speed turbines range
between 30 and 300 rpm (Verkuijlen & Westra, 1984) and
some have more than three blades, so their flicker is within
the range for which seizures are likely.

When several turbines are in line with the sun’s shadow
there is flicker from a combination of blades from different
turbines, which can have a higher frequency than from a
single turbine.

If the blades of a turbine are reflective then there is the
possibility of flicker from reflected light at viewing posi-
tions that are unaffected by shadows.

Exposure to flicker from a turbine is determined by the
hub height and the diameter of the blades, the height of the
sun and the direction of the blades relative to the observer.
These variables are affected by the time of day, time of
year, wind direction, and geographical location (Verkuijlen
& Westra, 1984). Shadows can be cast on the windows of
nearby buildings, affecting the internal illumination giv-
ing rise to flicker that cannot be avoided by occupants.
Verkuijlen & Westra determined the shadow tracks of wind
turbines and their effect relative to the hub height of the
rotor. They assumed that the rotor diameter was 75% of
the hub height, but many wind turbines deviate from this
ratio.

To avoid the problems of shadow flicker Verkuijlen and
Westra proposed that wind turbines should only be in-
stalled if flicker frequency remains below 2.5 Hz under all
conditions, and that wind turbines should be sited where

buildings were not in East-NE or WNW directions from
the turbine (northern hemisphere recommendations).

Two examples of seizures induced by wind turbines on
small wind turbine farms in the UK have been reported to
the authors in 2007.

The seizure-provoking effects of flicker depend on the
time-averaged luminance of the flicker, its contrast, fre-
quency and mark-space fraction and the area of retina stim-
ulated, and are well described (Fig. 1).

The area of retina stimulated by flicker from a wind tur-
bine might be expected to depend on the area that the rotors
subtend at the eye. However, if the rotors interrupt direct
sunlight casting a shadow upon the observer then the lumi-
nance of the flicker is likely to be such as to scatter suffi-
cient light within the eye as to stimulate the entire retina
with intermittent light. If the eyes are closed, the light is
diffused by the eyelids, and intermittent light reaches the
entire retina.

The luminance contrast ratio of the flicker depends on
the extent to which the blades occlude the sun. Given that
the sun subtends about 0.5 degrees, it is only completely
occluded when the blades subtend more than 0.5 degrees
at the eye, ignoring flare. When the observer is at a dis-
tance at which the blades subtend less than 0.5 degrees,
the contrast of the flicker is reduced. Flicker ceases to be
provocative at luminance contrasts less than about 10%,
see Fig. 1. Assuming that contrasts of less than 10% oc-
cur when the width of the turbine blade subtends at the
eye an angle that is 10% of the sun’s diameter (0.05 de-
grees), it is possible to set a limit for the distance at
which shadow flicker is likely to be seizure provoking.
For a turbine blade 1 m in width, this distance is 1.14
km. Most shadows are likely to be of contrast sufficient
to be provocative. It may be insufficient to restrict the

Epilepsia, 49(6):1095–1098, 2008
doi: 10.1111/j.1528-1167.2008.01563.x
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siting of turbines to a distance 10 diameters from habitation
(Clarke).

In EEG laboratories, epileptiform EEG activity is in-
duced in photosensitive individuals by a xenon gas
discharge lamp providing a series of very brief flashes, i.e.,
laboratory studies have not investigated the effect of very
brief dark periods in an otherwise bright stimulus (such as
might be provided by a wind turbine rotor). However, in
the case of a seizure induced by helicopter blades reported
by Cushman and Floccare (2007) the dark period of the
shadow flicker was between 24 and 27 times per second.
Helicopter blades are usually narrower than those on wind
turbines and would provide for a shorter dark interval that
might be expected to be less provocative than for a wind
turbine blade.

Flashing can occur by the reflection of sunlight from the
gloss surface of blades (Clarke). The blades are likely to
cause flicker only if the amount of sun reflected toward an
observer varies with the rotation of the blades. Given the
shape of the blades, such variation is likely. These consid-
erations introduce the possibility of a danger zone different
from that provided by the shadow cast by the blades.

In the case of reflected sunlight, the flicker may be less
bright than that cast by a shadow, and the light scattered
within the eye may be insufficient to cause a problem. If
so, the effectiveness of the stimulus will depend on the vi-
sual angle subtended by the rotor at the observer’s eye. This
visual angle will be directly proportional to the rotor length
(radius) and the distance from which the observer is view-
ing the rotor.

The visual angle subtended by the flickering light deter-
mines the likelihood of seizures. From the studies of Binnie
et al. (2002) or Wilkins et al. (2005) it is clear that the risk
of seizures is in direct proportion to the area of visual cor-
tex stimulated, see Fig. 1. For this reason, flicker that is
directed at the center of the visual field is more provoca-
tive than flicker in the visual periphery. (The central 10 de-
grees of vision provide for 90%of the neural output from
the retina to the brain.)

Suppose a turbine with blades 75% of hub height is
viewed from a distance (Fig. 2). The sunlight is not si-
multaneously reflected from more than one blade given
that the angle of the blades relative to the sun will rarely
be similar. We will assume that the blades are of uniform
width equal to 10% of their (radial) length. The angle at
the eye of an observer subtended by any blade is maximum
when the blade is at the bottom of its path. Assuming gaze
is centered half way up the blade, the proportionate area
of the visual cortex stimulated can be calculated (Drasdo,
1977). The proportion of visual cortex (P) to which a cir-
cular centrally fixated stimulus, angular radius A, projects
is P = 1 − e−0.0574A.

Applying this formula to angular segments of the rotor
surface centrally fixated, the area of cortex to which the ro-
tor projects can be calculated and the proportion of patients

Figure 2.
Maximum visual angle is subtended by blades when at
the bottom of their path.
Epilepsia C© ILAE

Figure 3.
Proportion of photosensitive patients liable to seizures
from light reflected from a turbine blade shown as a
function of viewing distance. The viewing distance is
given as a factor of the height of the hub.
Epilepsia C© ILAE

liable to seizures can be estimated, using the relationship
between proportion affected and stimulated area of the cor-
tex (Fig. 1). The proportion of patients affected is shown as
a function of viewing distance (expressed as a factor of the
height of the hub) (Fig. 3). Note that the risk of seizures
does not decrease appreciably until the viewing distance
exceeds 100 times the height of the hub, a distance typi-
cally more than 4 km.

The above analyses indicate that flicker from wind tur-
bines is potentially a problem at considerable observation
distances. Over 1 km, 25% of the light should be attenuated
by the atmosphere (Curcio et al., 1953). Such attenuation
should reduce the risk by a similar proportion (Binnie et al.,
2003).

Epilepsia, 49(6):1095–1098, 2008
doi: 10.1111/j.1528-1167.2008.01563.x
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DISCUSSION

Flicker from turbines that interrupt or reflect sunlight
at frequencies greater than 3 Hz poses a potential risk of
inducing photosensitive seizures. At 3 Hz and below the
cumulative risk of inducing a seizure should be 1.7 per
100,000 of the photosensitive population. The risk is main-
tained over considerable distances from the turbine. It is
therefore important to keep rotation speeds to a minimum,
and in the case of turbines with three blades ensure that
the maximum speed of rotation does not exceed 60 rpm,
which is normal practice for large wind farms. The layout
of wind farms should ensure that shadows cast by one tur-
bine upon another should not be readily visible to the gen-
eral public. The shadows should not fall upon the windows
of nearby buildings. The specular reflection from turbine
blades should be minimized.
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The association between wind turbines and health effects is highly debated. Some argue
that reported health effects are related to wind turbine operation [electromagnetic fields
(EMF), shadow flicker, audible noise, low-frequency noise, infrasound]. Others suggest
that when turbines are sited correctly, effects are more likely attributable to a number of
subjective variables that result in an annoyed/stressed state. In this review, we provide
a bibliographic-like summary and analysis of the science around this issue specifically in
terms of noise (including audible, low-frequency noise, and infrasound), EMF, and shadow
flicker. Now there are roughly 60 scientific peer-reviewed articles on this issue.The available
scientific evidence suggests that EMF, shadow flicker, low-frequency noise, and infrasound
from wind turbines are not likely to affect human health; some studies have found that
audible noise from wind turbines can be annoying to some. Annoyance may be associated
with some self-reported health effects (e.g., sleep disturbance) especially at sound pres-
sure levels >40 dB(A). Because environmental noise above certain levels is a recognized
factor in a number of health issues, siting restrictions have been implemented in many
jurisdictions to limit noise exposure. These setbacks should help alleviate annoyance from
noise. Subjective variables (attitudes and expectations) are also linked to annoyance and
have the potential to facilitate other health complaints via the nocebo effect. Therefore, it
is possible that a segment of the population may remain annoyed (or report other health
impacts) even when noise limits are enforced. Based on the findings and scientific merit
of the available studies, the weight of evidence suggests that when sited properly, wind
turbines are not related to adverse health. Stemming from this review, we provide a num-
ber of recommended best practices for wind turbine development in the context of human
health.

Keywords: wind turbines, human health, noise, electromagnetic fields, annoyance, infrasound, low-frequency
noise, shadow flicker

INTRODUCTION
Wind power has been harnessed as a source of energy around the
world for decades. Reliance on this form of energy is increasing.
In 1996, the global cumulative installed wind power capacity was
6,100 MW; in 2011, that value had grown to 238,126 MW and at
the end of 2013 it was 318,137 MW (1). While public attitude is
generally overwhelmingly in favor of wind energy, this support
does not always translate into local acceptance of projects by all
involved (2). Opposition groups point to a number of issues con-
cerning wind turbines, and possible effects on human health is one
of the most commonly discussed. Indeed, a small proportion of
people that live near wind turbines have reported adverse health
effects such as (but not limited to) ringing in ears, headaches, lack
of concentration, vertigo, and sleep disruption that they attribute
to the wind turbines. This collection of effects has received the
colloquial name “Wind Turbine Syndrome” (3).

The reason for the self-reported health effects is highly debated
and information fueling this debate is found primarily in four
sources: peer-reviewed studies published in scientific journals,
government agency reports, legal proceedings, and the popular
literature and internet. Some argue that reported health effects

are related wind turbine operational effects [e.g., electromagnetic
fields (EMF), shadow flicker from rotor blades, audible noise,
low-frequency noise (LFN) and infrasound]; others suggest that
when turbines are sited correctly, reported effects are more likely
attributable to a number of subjective variables, including nocebo
responses, where the etiology of the self-reported effect is in beliefs
and expectations rather than a physiologically harmful entity (4–
8). In 2011, Knopper and Ollson (9) published a review that
contrasted the human health effects that had been purported to be
caused by wind turbines in popular literature sources with what
had been reported in the peer-reviewed scientific literature as well
as by various government agencies. At that time, only 15 articles
in the peer-reviewed scientific literature that specifically addressed
issues related to human health and wind turbines were available
[i.e., (4, 5, 10–22)].

Based on their review, Knopper and Ollson (9) concluded that
although there was evidence to suggest that wind turbines can
be a source of annoyance to some people, there was no evidence
demonstrating a direct causal link between living in proximity to
wind turbines and more serious physiological health effects. Fur-
thermore, although annoyance has been statistically significantly

www.frontiersin.org June 2014 | Volume 2 | Article 63 | 1
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Knopper et al. Wind turbines and human health

associated with wind turbine noise [especially at sound pressure
levels >40 dB(A)], a convincing body of evidence exists to show
that annoyance is more strongly related to visual cues and attitude
than to wind turbine noise itself. In particular, this was highlighted
by the fact that people who benefit economically from wind tur-
bines (e.g., those who have leased their property to wind farm
developers) reported significantly lower levels of annoyance than
those who received no economic benefit,despite increased proxim-
ity to the turbines and exposure to similar (or louder) sound levels.

In the years following the publication of Knopper and Oll-
son (9), the debate surrounding the relationship between wind
turbines and human health has continued, both in the public
and within the scientific community. In this review, we provide
a bibliographic-like summary and analysis of the science around
this issue specifically in terms of noise (including audible, LFN,
and infrasound), EMF, and shadow flicker. Stemming from this
review, we provide weight of evidence conclusions and a number
of best practices for wind turbine development in the context of
human health.

METHODS
The authors worked with a professional Health Sciences Infor-
mation Specialist to develop a search strategy of the literature.
Combinations of key words (i.e., annoyance, noise, environmen-
tal change, sleep disturbance, epilepsy, stress, health effect(s), wind
farm(s), infrasound, wind turbines(s), LFN, EMF, wind turbine
syndrome, neighborhood change) were entered into PubMed, the
Thomson Reuters Web of KnowledgeSM and Google. No date
restrictions were entered and literature was assessed up to the
submission date of this manuscript (April 2014). The review was
conducted in the spirit of the evaluation process outlined in the
Cochrane Handbook for Systematic Reviews of Interventions.

As of the publication date of this review, there are close to 60 sci-
entific peer-reviewed articles on the topic. Sources of information
other than peer-reviewed scientific literature (e.g., websites, opin-
ion pieces, conference proceedings, unpublished documents) were
purposely excluded in this review because they are often unreliable
and provide information that is typically anecdotal in nature or not
traceable to scientific sources. A general summary, and key words
of the articles reviewed herein, are presented in Table 1. These
summaries provide results as they were reported by the authors of
the articles and are without secondary interpretation.

Through the systematic review process, it was evident that there
was significant variability in both the measures of exposure (i.e.,
proximity to turbines, field noise measures, lab noise measures, or
magnetic field measurements) and the health outcomes examined
(i.e., annoyance, sleep scores, and various quality of life met-
rics). The methodological heterogeneity in study designs across
the selected health-based investigations inhibited a quantitative
combination of results. In other words, meta-analytic methods
were not appropriate for this updated systematic review of the
literature on wind turbine and health effect. Rather qualitative
interpretation is provided.

RESULTS
OVERALL NOISE
Knopper and Ollson (9) reviewed a number of studies that exam-
ined the noise levels produced by wind turbines, perception of

wind turbine noise, and/or responses to wind turbine noise [e.g.,
(4, 5, 10, 12, 13, 15–18, 21)]. The results of more recent studies that
investigated wind turbine noise with respect to potential human
health effects are summarized below in chronological order of
publication.

Shepherd et al. (23): Shepherd et al. reported on a cross-
sectional study comparing health-related quality of life (HRQOL)
of people living in proximity (i.e., <2 km) to a wind farm to a
control group living >8 km away from the nearest wind farm. It
involved self-administered questionnaires that included the World
Health Organization (WHO) quality of life scale, in semi-rural
New Zealand. The turbine group was drawn from residents of 56
homes in South Makara Valley, all within 2 km of a wind turbine.
General outdoor noise levels in the area, obtained from a confer-
ence proceeding by Botha (53), were reported to range from 24 to
54 dB(A). The comparison group was taken from 250 homes in a
geographically and socioeconomically matched area, at least 8 km
from any wind farm in the region. General outdoor noise levels for
the comparison group were not reported. The questionnaire was
named the “2010 Well-being and Neighborhood Survey” in order
to mask the true intent of the study and reduce bias against wind
turbines. This is similar to the work of Pedersen in Europe, in
that the surveys were not explicitly about wind turbines. Response
rates were 34% from the Turbine group (number of participants
n= 39) and 32% from the Comparison group (n= 158).

Overall, Shepherd et al. reported statistically worse (p < 0.05)
scores in the Turbine group for physical HRQOL, environmental
QOL and HRQOL in general. There was no statistical difference in
social or psychological scores. Based on these results, the authors
concluded that “utility-scale” wind energy generation was not
without adverse health impacts on nearby residents and suggested
setback distances need to be >2 km in hilly terrain. However, there
are a number of limitations in this study that undermine the con-
clusion stated above. One key concern is that the results were based
on only a limited number of participants (n= 39) for the Turbine
group. In comparison, the survey datasets compiled in Sweden and
the Netherlands by Pedersen and Persson Waye (4, 5) and Peder-
sen et al. (17), respectively, involved a total of 1,755 respondents
overall. In these surveys, the only response found to be signif-
icantly related to A-weighted wind turbine noise exposure was
annoyance, even though a number of physiological and psycho-
logical variables were also investigated. In addition, Shepherd et al.
did not discuss the impact of participants’ attitudes or visual cues
that may have influenced the reports of decreased HRQOL. Given
that other studies have indicated that annoyance was more closely
related to visual cues and attitude, this could provide further expla-
nation of why overall HRQOL scores were lower in the Turbine
group. Presumably all residents within 2 km of a turbine would be
able to see one, or more, of the turbines. Furthermore, although it
was implied in the title of the article that noise from wind turbines
was causing the observed effects, the study did not include either
measured or estimated wind turbine noise exposure values for
the individual survey respondents. Therefore, they were unable to
demonstrate a dose–response relationship between the observed
responses and exposure to wind turbine noise. In light of this, as
recognized by Shepherd et al. (23), it is possible that the observed
effects were driven by other causes such as conflicts between the
community and the wind farm developers rather than a direct
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Table 1 | General summary of reviewed articles.

General topic Authors Source Key words General summary

Audible noise Shepherd

et al. (23)

Noise and

Health

Health-related

quality of life

(HRQOL)

Cross-sectional study involving questionnaires about quality of life living near and

away from turbines. Statistically significant differences were noted in some

HRQOL scores; residents within 2 km of a turbine reporting lower overall quality

of life, physical quality of life, and environmental quality of life

Janssen et al.

(24)

Journal of

the

Acoustical

Society of

America

Annoyance,

economic

benefit,

sensitivity, visual

cues

Expanded on the datasets collected by Pedersen and Persson Waye (4, 5) and

Pedersen et al. (17) in Sweden and the Netherlands. Authors evaluated

self-reported annoyance indoors and outdoors compared to sound levels (Lden)

from wind turbines. Like the authors before them who relied on these datasets,

found that annoyance decreased with economic benefit and may have increased

with noise sensitivity, visibility, and age. In comparison to other sources of

environmental noise, annoyance due to wind turbine noise was found at relatively

low noise exposure levels

Verheijen et al.

(25)

Science of

the Total

Environment

Annoyance, noise

limits

Objective was to assess proposed Dutch standards for wind turbine noise and

consequences for people and feasibility of meeting energy policy targets.

Authors used a combination of audible and low-frequency noise models and

functions to predict existing level of severely annoyed people living around

existing wind turbines in the Netherlands. Found that at 45 dB(Lden) severe

annoyance due to low-frequency noise unlikely; suggested that this noise limit is

suitable as a trade-off between the need for protection against noise annoyance

and the feasibility of national targets for renewable energy

Bakker et al.

(26)

Science of

the Total

Environment

Annoyance,

distress,

economic

benefit, sleep

disturbance

A dose–response relationship was found between immission levels of wind

turbine sound and self-reported noise annoyance. Sound exposure was also

related to sleep disturbance and psychological distress among those who

reported that they could hear the sound, however not directly but with noise

annoyance. Respondents living in areas with other background sounds were less

affected than respondents in quiet areas. Found that people, animals, traffic and

mechanical sounds were more often identified as a source of sleep disturbance

than wind turbines

Nissenbaum

et al. (27)

Noise and

Health

Epworth

Sleepiness Score

(ESS), Pittsburgh

Sleep Quality

Index (PSQI),

SF36v2

Purpose of the investigations was to determine the relationship between

reported adverse health effects and wind turbines among residents of two rural

communities. Participants living 375–1,400 m and 3.3–6.6 km were given

questionnaires to obtain data about sleep quality, daytime sleepiness and general

physical and mental health. Authors reported that when compared to people

living further away than 1.4 km from wind turbines, those people living within

1.4 km of wind turbines had worse sleep, were sleepier during the day and had

worse mental health scores

Ollson et al.

(28)

Noise and

Health

Rebuttal to

Nissenbaum

et al. (27)

Suggested that Nissenbaum et al. (27) extended their conclusions and discussion

beyond the statistical findings of their study and that they did not demonstrated a

statistical link between wind turbines – distance – sleep quality – sleepiness and

health. In fact, their own statistical findings suggest that although, scores may be

statistically different between near and far groups for sleep quality and

sleepiness, they are no different than those reported in the general population.

The claims of causation by the authors (i.e., wind turbine noise) for negative

scores are not supported by their data

Barnard (29) Noise and

Health

Rebuttal to

Nissenbaum

et al. (27)

Pointed out a number of problems with Nissenbaum et al. (27) study and

suggested that data presented do not justify the very strong conclusions reached

by the authors

(Continued)
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Table 1 | Continued

General topic Authors Source Key words General summary

Audible noise

(continued)

Mroczek et al.

(30)

Annals of

Agricultural

and Environ-

mental

Medicine

SF-36, Visual

Analog Scale

(VAS)

Purpose of study was to assess how people’s quality of life is affected by the

close proximity of wind farms. Authors found that close proximity of wind farms

does not result in the worsening of the quality of life based on the Norwegian

version of the SF-36 General Health Questionnaire, the Visual Analog Scale (VAS)

for health assessment, and original questions

Taylor et al.

(31)

Personality

and

Individual

Differences

Personality traits Study examined the influence of negative oriented personality (NOP) traits on the

effects of wind turbine noise and reporting on non-specific symptoms (NSS).

Results of the study showed that while calculated actual wind turbine noise did

not predict reported symptoms, perceived noise did

Evans and

Cooper (32)

Acoustics

Australia

Predicted and

measured noise

levels

A comparison of predicted noise levels from four commonly applied prediction

methods against measured noise levels from six operational wind farms (at 13

locations) in accordance with the applicable guidelines in South Australia. Results

indicate that the methods typically over-predicted wind farm noise levels but that

the degree of conservatism appeared to depend on the topography between the

wind turbines and the measurement location

Maffei et al.

(33)

International

Journal of

Environmen-

tal Research

and Public

Health

Visual cues,

perception

Investigated the effects of the visual impact of wind turbines on the perception of

noise. Found distance was a strong predictor of an individual’s reaction to the

wind farm; data showed that increased distance resulted in a more positive

general evaluation of the scenario and decreased perceived loudness, noise

annoyance, and stress caused by sound. Found the color of the wind turbines

(base and blade stripes) impacted an individuals’ perception of noise

Van

Renterghem

et al. (34)

Science of

the Total

Environment

Annoyance,

attitude,

laboratory

experiment,

visual cues

Conducted a two-stage listening experiment to assess annoyance, recognition,

and detection of noise from a single wind turbine. Results support the hypothesis

that non-noise variables, such as attitude and visual cues, likely contributed to the

observation that people living near wind turbines (who do not receive an

economic benefit from the turbines) report higher levels of annoyance at lower

sound pressure levels than would be predicted for other community noise

sources

Baxter et al.

(35)

Energy Policy Risk perception,

economic

benefit,

community

conflict, policy

Conducted a study to investigate the role of health risk perception, economic

benefit, and community conflict on wind turbine policy. Two communities were

assessed: one located in proximity to two operating wind farms and a control

community without turbines. Authors found that residents from the community

with operational wind energy projects were more supportive of wind turbines

than residents in the area without turbines

Chapman et al.

(6)

PLoS One Psychogenic

effects, nocebo,

community

complaints

Provided an overview of the growing body of literature supporting the notion that

the attribution of symptoms and disease to wind turbine exposure is a modern

health worry. Suggested that nocebo effects likely play an important role in the

observed increase in wind farm-related health complaints. Suggested that

reported historical and geographical variations in complaints were consistent with

“communicated diseases” with nocebo effects likely to play an important role in

the etiology of complaints rather than direct effects from turbines

Whitfield

Aslund et al.

(36)

Energy Policy Predicted

annoyance,

modeling

Used previously reported dose–response relationships between wind turbine

noise and annoyance to predict the level of community noise annoyance that may

occur in the province of Ontario. The results of this analysis indicate that the

current wind turbine noise restrictions in Ontario will limit community exposure

to wind turbine related noise such that levels of annoyance are unlikely to exceed

previously established background levels of noise-related annoyance from other

common noise sources

(Continued)
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Table 1 | Continued

General topic Authors Source Key words General summary

Low-frequency

noise and

infrasound

Møller and

Pedersen (37)

Journal of

the

Acoustical

Society of

America

Annoyance,

insulation, indoor

sound levels

Conducted a low-frequency noise study from four large turbines (>2 MW) and 44

other small and large turbines (7 > 2 MW and 37 < 2 MW). Low-frequency sound

insulation was measured for 10 rooms under normal living conditions in houses

exposed to low-frequency noise. Concluded that the spectrum of wind turbine

noise moves down in frequency with increasing turbine size. Suggested that the

low-frequency part of the noise spectrum plays an important role in the noise at

neighboring properties. They hypothesized that if the noise from the investigated

large turbines had an outdoor level of 44 dB(A) there was a risk that a substantial

proportion of the residents would be annoyed by low-frequency noise, even

indoors

Bolin et al. (38) Environmental

Research

Letters

Health effects,

review,

turbulence

Conducted a literature review over a 6-month period ending April 2011 into the

potential health effects related to infrasound and low-frequency noise exposure

surrounding wind turbines. Concluded that empirical support was lacking for

claims that low-frequency noise and infrasound cause serious health affects in

the form of “vibroacoustic disease,” “wind turbine syndrome,” or harmful effects

on the inner ear

Rand et al. (39) Bulletin of

Science,

Technology

and Society

Indoor sound

levels, health

effects, acute

effects

Studies took place over a 2-day period inside a home where people were

self-reporting serious adverse health effects. Authors reported on wind speed at

hub of turbine, dB(A) and dB(G) filtering indoors and outdoors. Reported on acute

effects

Ambrose et al.

(40)

Bulletin of

Science,

Technology

and Society

Turnbull et al.

(41)

Acoustics

Australia

Underground

measurement,

comparative

study

Developed an underground technique to measure infrasound. Measured

infrasound at two Australian wind farms as well as in the vicinities of a beach, a

coastal cliff, the city of Adelaide, and a power station. Reported that the measured

levels at wind farms below the audibility threshold and similar to that of urban

and coastal environments and near other engineered noise sources. Level of

infrasound from wind farms at 360 and 85 m [61 and 72 dB(G), respectively] was

comparable to that observed at a distance of 25 m from ocean waves [75 dB(G)]

Crichton et al.

(7)

Health

Psychology

Negative

expectations,

symptom

reporting,

laboratory

experiment

Examined the possibility that expectations of negative health effects from

exposure to infrasound promote symptom reporting using a sham controlled,

double-blind provocation study. Participants in the high-expectancy group

reported significant increases in the number and intensity of symptoms

experienced during exposure to both infrasound and sham infrasound.

Conversely, there were no symptomatic changes in the low-expectancy group

Crichton et al.

(8)

Health

Psychology

Negative and

positive

expectations,

symptom

reporting,

laboratory

experiment

Authors investigated how positive expectations can produce a reduction in

symptoms. Expectations were found to significantly alter symptom reporting:

participants who were primed with negative expectations became more

symptomatic over time, suggesting that their experiences during the first

exposure session reinforced expectations and led to heightened symptomatic

experiences in subsequent sessions

(Continued)
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Table 1 | Continued

General topic Authors Source Key words General summary

Electromagnetic

fields

Havas and

Colling (42)

Bulletin of

Science,

Technology

and Society

Poor power

quality, ground

current, electrical

hypersensitivity

Authors hypothesized that symptoms of some living near wind turbines could be

caused by electromagnetic waves in the form of poor power quality (dirty

electricity) and ground current resulting in health effects in those that are

electrically hypersensitive. Indicated that individuals reacted differently to both

sound and electromagnetic waves and this could explain why not everyone

experienced the same health effects living near turbines

Israel et al. (43) Environ-

mentalist

Vibration

measurement,

noise, risk

Conducted EMF, sound, and vibration measurements at wind energy parks in

Bulgaria. Concluded that EMF levels were not of concern from wind farm

McCallum

et al. (44)

Environ-

mental

Health

Variable

distances and

wind, residential

measures

Magnetic field measurements were collected in the proximity of 15 wind turbines,

two substations, buried and overhead collector and transmission lines and nearby

homes. Results suggest there is nothing unique to wind farms with respect to

EMF exposure; in fact, magnetic field levels in the vicinity of wind turbines were

lower than those produced by many common household electrical devices and

were well below any existing regulatory guidelines with respect to human health

Review

articles,

editorials and

social

commentaries

Bulletin of

Science,

Technology

and Society

(BSTS) Special

Edition

Bulletin of

Science,

Technology

and Society

Various authors,

health effects,

social

commentary,

opinion pieces

Special edition made up of nine articles devoted entirely to wind farms and

potential health effects. Many of the articles in the special edition were written as

opinion pieces or social commentaries

Hanning and

Evans (45)

British

Medical

Journal

Sleep

disturbance

Purpose was to opine on the relationship between wind turbines noise and health

effects. Suggested that a large body of evidence exists to suggest that wind

turbines disturb sleep and impair health at distances and external noise levels

that are permitted in most jurisdictions

Chapman (46) British

Medical

Journal

Weight of

evidence

In a rebuttal to Hanning and Evans (45) Chapman points to 17 independent

reviews of the literature around wind turbines and human health that contrast the

opinion of Hanning and Evans

Farboud et al.

(47)

Journal of

Laryngology

and Otology

Low-frequency

noise (LFN),

infrasound (IS),

inner ear

physiology, wind

turbine syndrome

Conducted a literature search for articles published within the last 10 years, using

the PubMed database and the Google Scholar search engine, to look at the

effects of low-frequency noise and infrasound. Suggested the evidence available

was incomplete and until the physiological effects of LFN and infrasound were

fully understood, it was not possible to conclusively state that wind turbines were

not causing any of the reported effects

McCubbin and

Sovacool (48)

Energy Policy Comparative

study, natural

gas, health, and

environmental

benefits

Compared the health and environmental benefits of wind power in contrast to

natural gas

Roberts and

Roberts (49)

Journal of

Environmen-

tal

Sciences

PubMed-based

review,

low-frequency

noise (LFN),

infrasound (IS),

health effects

Conducted a summary of the peer-reviewed literature on the research that

examined the relationship between human health effects and exposure to

low-frequency sound and sound generated from the operation of wind turbines.

Concluded that a specific health condition or collection of symptoms has not

been documented in the peer-reviewed, published literature that has been

classified as a “disease” caused by exposure to sound levels and frequencies

generated by the operations of wind turbines

(Continued)
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Table 1 | Continued

General topic Authors Source Key words General summary

Review

articles,

editorials and

social

commentaries

(continued)

Chapman and

St. George (50)

Australian

and New

Zealand

Journal of

Public Health

Vibroacoustic

disease (VAD);

factoid

Investigated the extent to which VAD and its alleged association with wind

turbine exposure had received scientific attention, the quality of that association

and how the alleged association gained support by wind farms opponent. Based

on a structured scientific database and Google search strategy, the authors

showed that VAD has received virtually no scientific recognition and that there is

no evidence of even rudimentary quality that vibroacoustic disease is associated

with or caused by wind turbines. Stated that an implication of this

“factoid” – defined as questionable or spurious statements – may have been

contributing to nocebo effects among those living near turbines

Jeffery et al.

(51)

Canadian

Family

Physician

Health effects Overall goal of these commentary pieces was to provide information to

physicians regarding the possible health effects of exposure to noise produced by

wind turbines and how these may manifest in patients

Jeffery et al.

(52)

Canadian

Journal of

Rural

Medicine

result of noise exposure. Based on the limitations discussed above,
we consider that the authors’ recommendation for a 2 km setback
distance was not supported by the evidence presented in this study.

Janssen et al. (24): expanding on the datasets collected by Peder-
sen and Persson Waye (4, 5) and Pedersen et al. (17) in Sweden and
the Netherlands, Janssen et al. evaluated self-reported annoyance
indoors and outdoors compared to sound levels (Lden) from wind
turbines. To derive the Lden, the authors added a correction factor
of 4.7 dB(A) to outdoor A-weighted sound pressure levels from
the datasets used in the previous studies. Annoyance in this study
was ranked on a 4-point scale: 1 was “not annoyed,” 2 was “slightly
annoyed,”3 was“rather annoyed,”and 4 was“very annoyed.”Visual
cue (“Can you see a wind turbine from your dwelling or your gar-
den/balcony?”), economic benefit [“Are you a (co)owner of one
or more wind turbines?”], and noise sensitivity (on either a 4 or
5 point scale with 1 representing “not sensitive” and 4 or 5 rep-
resenting “very/extremely sensitive”) were also assessed. Like the
authors before them who relied on these datasets, Janssen et al.
found that annoyance decreased with economic benefit and may
have increased with noise sensitivity, visibility, and age. Rates of
annoyance indoors from wind turbines to industrial noise from
stationary sources and air, road and rail noise were also compared
and it was concluded that: “ . . .annoyance due to wind turbine noise
is found at relatively low noise exposure levels” and that “some simi-
larity is found in the range Lden 40–45 dB between the percentage of
annoyed persons by wind turbine noise and aircraft noise.”

Verheijen et al. (25): the objective of this study was to assess
the proposed Dutch protective standards for wind turbine noise,
both on consequences for inhabitants and feasibility of meeting
energy policy targets. The authors used a combination of audible
and LFN models and functions derived by Janssen et al. (24) to
predict the existing level of severely annoyed people living around
existing wind turbines in the Netherlands. They estimated that
there were approximately 1,500 severely annoyed individuals, in a
total population of approximately 440,000 living at sound levels
of 29 dB(Lden) around wind turbines. The authors reported that:

“For The Netherlands, a socially acceptable percentage of severely
annoyed lies around 10%, which can be derived from the existing
limits and dose–response functions of railway and road noise. This
would result in an acceptable noise reception limit for wind tur-
bines of about 47 to 49 dB.” The authors decided to examine the
feasibility of lowering the limit below 47–49 dB(Lden). They esti-
mated that it may be feasible from a land mass perspective to
lower the noise limit to 40 dB(Lden); however, given that lands
are often rejected due to reasons other than noise that another
value should be selected. They stated “The percentage of severely
annoyed at 45 dB is rated at 5.2% for wind turbine noise, which is
well below 10% that corresponds to the existing road and railway
traffic noise limits.” They also determined that, at 45 dB(Lden),
severe annoyance effects due to LFN were unlikely and suggested
that this noise limit suited as a trade-off between the need for
protection against noise annoyance and the feasibility of national
targets for renewable energy.

Bakker et al. (26): the purpose of this study was to evaluate
the relationship between exposure to the sound of wind turbines
and annoyance, self-reported sleep disturbance, and psychologi-
cal distress of people that live in their vicinity. This investigation
relied on survey data, previously reported and discussed by Ped-
ersen et al. (17), collected from 725 residents of the Netherlands
living in the vicinity of wind turbines. As reported by Pedersen
et al. (17), survey respondents answered questions about environ-
mental factors and road traffic noise (and wind noise) as well as
the effect of wind turbines on annoyance, sleep disturbance, and
psychological distress.

Bakker et al. differed from Pedersen et al. (17) in that it pro-
vided a direct comparison of people who economically benefited
from turbines with those who did not, specifically in relation
to annoyance. Bakker et al. (26) reported that only 3% of sur-
vey respondents receiving economic benefit from wind turbines
reported being “rather annoyed” or “very annoyed” by wind tur-
bine noise when outdoors, while none reported being rather or
very annoyed by wind turbine noise when indoors. In comparison,
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the proportions of survey respondents who did not receive an eco-
nomic benefit who reported being rather or very annoyed indoors
and outdoors were 12 and 8%, respectively, even though they were
exposed to significantly lower levels of wind turbine sound.

What is more, Bakker et al. also compared sound-related
sources of sleep disturbance in rural and urban areas in respon-
dents who did not benefit economically from wind turbines. They
found that people, animals, traffic, and mechanical sounds were
more often identified as a source of sleep disturbance than wind
turbines. In fact, in rural areas, only 6% of people identified
wind turbines as the sound source of sleep disturbance compared
to 11.7% for people/animals and 12.5% for traffic/mechanical
sounds. In urban areas, only 3.8% of people identified wind tur-
bines as the sound source of sleep disturbance compared to 14.4%
for people/animals and 16.9% for traffic/mechanical sounds.

Nissenbaum et al. (27), Ollson et al. (28), and Barnard (29): the
stated purpose of the investigations conducted by Nissenbaum
et al. was to determine the relationship between reported adverse
health effects and wind turbines among residents of two rural com-
munities. Participants living 375–1,400 m and 3.3–6.6 km were
given questionnaires to obtain data about sleep quality [using the
Pittsburgh Sleep Quality Index (PSQI)], daytime sleepiness [using
the Epworth Sleepiness Score (ESS)], and general physical and
mental health (MH) (using the SF36v2 health survey). Overall,
the authors reported that when compared to people living further
away than 1.4 km from wind turbines, those people living within
1.4 km of wind turbines had worse sleep, were sleepier during the
day, and had worse MH scores. Based on these findings the authors
concluded that: “ . . .the noise emissions of IWTs disturbed the
sleep and caused daytime sleepiness and impaired mental health in
residents living within 1.4 km of the two IWT installations studied.”

In a subsequent issue of Noise and Health, two letters to the
editor were published that were critical of this study and its conclu-
sions (28, 29). In particular, the letter from Barnard (29) criticized
the statistical analysis in Nissenbaum et al. (27), which stated that
there was a “strong” dose–response relationship between distance
to the nearest wind turbine and both the “PSQI” and the “Epworth
Sleepiness Scale.” Barnard stated: “I cannot see how this is justified,
given the presented data. In contrast to the conclusions, Figure 1 and
Figure 2 in the paper . . . show a very weak dose-response, if there
is one at all. The near horizontal ‘curve fits’ and large amount of
‘data scatter’ are indications of the weak relationship between sleep
quality and turbine distance. The authors seem to use a low P value
as a support for the hypothesis that sleep disturbance is related to
turbine distance. A better interpretation of the P value related to a
near horizontal line fit would be that it suggests a high probability of a
weak-dose response. Correlation coefficients are not given, but should
have been given, to indicate the quality of the curve fits.” Ollson et al.
(28) pointed out that Nissenbaum et al. extended their conclusions
and discussion beyond the statistical findings of their study. They
stated “We believe that they have not demonstrated a statistical link
between wind turbines – distance – sleep quality – sleepiness and
health. In fact, their own statistical findings suggest that although,
scores may be statistically different between near and far groups for
sleep quality and sleepiness, they are not different than those reported
in the general population. The claims of causation by the authors (i.e.,
wind turbine noise) for negative MCS scores are not supported by

their data. This work is exploratory in nature and should not be used
to set definitive setback guidelines for wind-turbine installations.”

Mroczek et al. (30): Mroczek et al. published the results of
a study conducted in 2010 that evaluated the impact of living in
close proximity to wind turbines on an individual’s perceived qual-
ity of life. The study group consisted of 1,277 randomly selected
Polish adults (703 women and 574 men) living in the vicinity
of wind farms. The different distance (house to turbine) groups
were: <700 m, from 700 to 1000 m, from 1,000 to 1,500 m, and
>1,500 m. The quality of life was measured using the Norwe-
gian version of the SF-36 General Health (GH) Questionnaire,
the Visual Analog Scale (VAS) for health assessment, and some
original questions about approximate distance to wind farm, age,
gender, education, and profession. The SF-36 (Short Form 36)
Questionnaire consists of 36 questions divided into 8 subscales:
physical functioning (PF), role functioning physical (RP), bodily
pain (BP), GH, vitality (V), social functioning (SF), role function-
ing emotional (RE), MH, and one additional question regarding
health changes.

According to the authors “The respondents assessed their health
through answering questions included in the SF-36 and VAS. They
were asked to mark the point corresponding with their well-being on
the level from 0 to 100, where 0 denoted the worst possible state
of health and 100 – excellent health.” The results showed that
regardless of the distance from the wind farm (i.e., from <700
to >1,500 m) respondents ranked their PF scores as highest out of
all of the quality of life components. Overall, people living closest
to wind farms assessed their quality of life as higher than those
living in more distant areas. The scores for the MH component,
GH, SF, and RE were highest in the group living closest to the
wind farms and lowest by those living greater than 1.5 km away.
The authors noted that there may have been confounding factors
that contributed to the observed results (e.g., economic factors).
Since other studies have shown links between self-reported health
status, proximity to wind turbines and the direct influence of eco-
nomic benefit on levels of annoyance [e.g., (17, 26)], these major
confounding factors also need to be considered when interpret-
ing the results of the Mroczek et al. study on quality of life and
proximity to wind turbines.

Taylor et al. (31): this study examined the influence of neg-
ative oriented personality (NOP) traits on the effects of wind
turbine noise and reporting on non-specific symptoms (NSS). The
study was conducted based on the hypothesis that the public has
become increasingly concerned with attributing NSS to environ-
mental features (e.g., wind turbines). The study focused on three
NOP traits in particular: neuroticism (N), negative affect (NA),
and frustration intolerance (FI). The authors noted that previ-
ous research has demonstrated that individuals with high N and
NA typically evaluate their environment more negatively. Further-
more, FI may have impacted the way an individual perceived and
evaluated environmental factors from an inability to bear or cope
with perceived negative emotions, thoughts and events. A survey
was mailed out to 1,270 households within 500 m of eight 0.6 kW
turbine installations and within 1 km of four 5 kW turbines in
two cities in the U.K. Individuals within the household (>18 years
old) could anonymously complete the survey and mail the results
back or submit them online. In total, 138 completed surveys were
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returned. Actual sound levels were calculated for those households
who completed the survey, and participants were asked to describe
the perceived noise, including the type of noise (e.g., swoosh-
ing, whistling, buzzing), frequency, and loudness (based on a 0–4
ranking scale). Participants were also asked a series of questions
to determine the level of NOP traits and related health/symptom
reporting information.

The results of the study showed that while calculated actual
wind turbine noise did not predict reported symptoms, perceived
noise did. Specifically:“. . .for those higher in NOP traits, there was a
stronger link between perceived noise and symptom reporting. There
was however, no relationship between calculated actual noise from
the turbine and participants attitude to wind turbines. This means
that those who had a more negative attitude to wind turbines per-
ceived more noise from the turbine, but this effect was not simply due
to individuals being able to actually hear the noise more.”

Evans and Cooper (32): in their paper called “Comparison of
predicted and measured wind farm noise levels and implications
for assessments of new wind farms,” Evans and Cooper present a
comparison of predicted noise levels from four commonly applied
prediction methods against measured noise levels from six opera-
tional wind farms (conducted at 13 locations) in accordance with
the applicable guidelines in South Australia. The results indicate
that the methods typically over-predicted wind farm noise lev-
els but that the degree of conservatism appeared to depend on the
topography between the wind turbines and the measurement loca-
tion. Briefly, Evans and Cooper found that the commonly used ISO
9613-2 model (with completely reflective ground) and the CON-
CAWE model generally over-predicted noise levels by 3–6 dB(A),
but the amount of over-prediction was related to the topography
(i.e., relatively flat topography or a steady slope from the turbines).
However, at sites where there was a significant concave slope from
the turbines down to the measurement sites, these commonly used
prediction methods were typically accurate, with the potential of
marginal under-prediction in some cases (when ISO 9613-2 used
50% absorptive ground).

A requirement of many regulatory agencies is that noise model-
ing be conducted by developers prior to the construction of wind
turbines. A common criticism of this approach is that modeled val-
ues are not representative of actual noise from operational wind
farms. Evans and Cooper’s findings show that this is not the case,
but caution about the role of topography.

Maffei et al. (33): despite the fact that wind farms are rep-
resented as environmentally friendly projects, wind turbines are
viewed by some as visual and audible intruders that spoil the
landscape and generate noise. Consequently, Maffei et al. (33)
conducted a study investigating the effects of the visual impact
of wind turbines on the perception of noise. The study consisted
of 64 participants (34 males, 30 females) who resided in either
urban or rural areas. Participants were asked to fill out a ques-
tionnaire to obtain information regarding age, gender, education,
and local neighborhood characteristics. A number of statements
were then submitted to the participants where they were asked to
respond based on a 100-point Likert scale ranging from “disagree
strongly” to “agree strongly.” The statements were based on per-
sonal views about green energy, wind turbines, noise, and other
related subject matter. Subsequently, a virtual reality scenario was

created to emulate the visual impact of a wind farm on a rural
landscape and included an audio component recorded from a 16
turbine wind farm in Frigento, Italy. In total, three factors were
manipulated in the experiment: distance from the wind farm
(150, 250, and 500 m); the number of wind turbines (1, 3, and
6); the color of the base of the turbine and any stripes on the
blades (white, red, brown, green). Each participant was asked to
view all of the scenarios using a 3D visor and asked to respond
to a number of questions pertaining to perceived loudness, sound
pleasantness,noise annoyance, sound stress, sound tranquility, and
visual pleasantness.

The results found that distance was a strong predictor of an
individual’s reaction to the wind farm. In particular, the data
showed that increased distance resulted in a more positive general
evaluation of the scenario and decreased perceived loudness, noise
annoyance, and stress caused by sound. Additionally, the authors
found that the color of the wind turbines (base and blade stripes)
impacted an individuals’ perception of noise. Generally, white and
green turbines were preferred to brown and red ones. Specifi-
cally, green turbines scored the highest since they were perceived
as being the “most integrated” into the landscape. The authors
concluded that their results confirmed the interconnectedness
between auditory and visual components of individual perception.

Van Renterghem et al. (34): Van Renterghem et al. (34) con-
ducted a two-stage listening experiment to assess annoyance,
recognition, and detection of noise from a single wind turbine.
A total of 50 participants with “normal” hearing abilities partici-
pated in the experiment and were classified as having a positive to
neutral attitude toward renewable energy. In situ recordings made
at close distance (30 m downwind) from a 1.8 MW turbine operat-
ing at 22 rotations per minute (rpm) were mixed with road traffic
noise and processed to simulate indoor sound pressure levels at
40 dB(LAeq). In the first stage, where participants were unaware
of the true purpose of the experiment, samples were played during
a quiet leisure activity. Under these conditions (i.e., when people
were unaware of the different sources of noise), pure wind turbine
noise produced similar annoyance ratings as unmixed highway
noise at the same equivalent level, while annoyance from local
road traffic was significantly higher. These results supported the
hypothesis that non-noise variables, such as attitude and visual
cues, likely contributed significantly to the observation that peo-
ple living near wind turbines (who do not receive an economic
benefit from the turbines) report higher levels of annoyance at
lower sound pressure levels than would be predicted for other
community noise sources [e.g., (17, 24)].

In the second stage of the Van Renterghem et al. (34) study, par-
ticipants were allowed to listen to a recording of unmixed wind
turbine sound [at 40 dB(A)] for 30 s in order to familiarize them-
selves with the sound. After this, they listened to 10 sets of paired
sound samples; one of which contained unmixed road traffic noise
and the other that contained wind turbine noise mixed with road
traffic at signal-to-noise ratios varying between −30 dB(A) and
+10 dB(A). For each pair,participants were asked to identify which
of the two samples contained the wind turbine noise. The detection
of wind turbine noise in the presence of highway noise was found
a “signal-to-noise” ratio as low as −23 dB(A). This demonstrated
that once the subject was familiar with wind turbine noise, it could
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easily be detected even in the presence of highway traffic noise. This
could also help explain the increased rates of noise annoyance at
home reported by Pedersen et al. (17) and Janssen et al. (24) since
residents would be familiar with the sound and be able to dis-
cern it if they listened for it when primed by visual cues. Overall,
the findings support the idea that noticing the sound could be an
important aspect of wind turbine noise annoyance. Awareness of
the source and recognition of the wind turbine sound was also
linked to higher levels of annoyance. Van Renterghem et al. noted
that: “The experiment reported in this paper supports the hypothesis
that previous observations, reporting that retrospective annoyance
for wind turbine noise is higher than that for highway noise at the
same equivalent noise level, is grounded in higher level appraisal,
emotional, and/or cognitive processes. In particular, it was observed
that wind turbine noise is not so different from traffic noise when it
is not known beforehand.”

Baxter et al. (35): in 2010, Baxter and colleagues conducted a
study to investigate the role of health risk perception, economic
benefit, and community conflict on wind turbine policy. The study,
published in 2013, had two parts: a literature review and quantita-
tive survey meant to determine perceptions of wind turbines and
how they are linked to support or opposition to wind turbines in
the community. Two communities were assessed: one located in
proximity to two operating wind farms and a control community
without turbines. Overall, the authors found that residents from
the community with operational wind energy projects (which were
introduced prior to the Green Energy Act in Ontario) were more
supportive of wind turbines than residents in the area without
turbines (78 vs. 29%, with “support” defined as agreeing to vote
in favor of local turbines). The authors also reported that resi-
dents in the turbine community were more accepting of turbine
esthetics than people in the control community and less worried
about health impacts, this despite the fact that the wind farms in
the “case” group were in some cases closer to homes than currently
permitted.

Baxter et al. indicated that the lack of support in the control
community could have been due to political lobbying during the
provincial election, where one candidate suggested a moratorium
on wind turbine as part of their campaign. The authors also high-
lighted the role of health risk perception (which seemed linked to
political lobbying) as a variable leading to the lack of support. The
finding that“Our study highlights the need to add health risk percep-
tion to the agenda for social research on turbines”is valid,albeit dated
in the Ontario context, since an integral part of any wind develop-
ment project in Ontario is public consultation with wind turbines
and health as a fundamental component. These findings supported
the idea that perception of health risks is heavily impacted by
expectation, media coverage, and that“hands on experience”could
serve to increase familiarity and decrease concerns.

Chapman et al. (6): the authors provided an overview of the
growing body of literature supporting the notion that the attri-
bution of symptoms and disease to wind turbine exposure is a
modern health worry. Chapman et al. also suggested that nocebo
effects likely play an important role in the observed increase in
wind farm-related health complaints. By evaluating records of
complaints from wind farm companies about noise or health from
residents living near 51 wind farms across Australia, two theories
about the etiology of complaints were tested: one being direct

effects from turbines and the other being “psychogenic” effects
brought on by nocebo effects.

Chapman et al. found a number of historical and geographical
variations in wind farm complaints from Australians.

1. Nearly 65% of Australian wind farms, 53% of which have
turbines >1 MW, have never been subject to noise or health
complaints. These farms have an estimated 21,633 residents
within 5 km and have operated complaint-free for a cumulative
267 years. No complaints were reported in Western Australia
and Tasmania.

2. One in 254 residents across Australia appeared to have ever
complained about health and noise, and 73% of these residents
live near 6 wind farms that have been targeted by anti-wind
farm groups. Ninety percentage of complaints were made after
anti-wind farm groups added health concerns to their wider
opposition in 2009.

3. In the years after, health or noise complaints were rare despite
large and small-turbine wind farms having operated for many
years.

It was suggested that reported historical and geographical varia-
tions in complaints were consistent with “communicated diseases”
with nocebo effects likely to play an important role in the etiology
of complaints rather than direct effects from turbines. This novel
work highlighted the role of negative expectations and how they
could lead to the development of complaints near wind farms.
These findings were supported by many other studies that were
suggestive of subjective variables, rather than wind turbine specific
variables, as the source of annoyance for some people.

Whitfield Aslund et al. (36): Whitfield Aslund et al. used previ-
ously reported dose–response relationships between wind turbine
noise and annoyance to predict the level of community noise
annoyance that may occur in the province of Ontario. Predic-
tion for future wind farm developments (planned, approved, or
in process) were compared to previously reported rates of annoy-
ance that were associated with more common noise sources (e.g.,
road traffic). Modeled noise levels and distance to the nearest wind
farm-related noise source were compiled for over 8,000 individ-
ual receptor locations (i.e., buildings, dwellings, campsites, places
of worship, institutions, and/or vacant lots) from 13 wind power
projects in the province of Ontario that had been approved since
2009 or were under Ministry of the Environment (MOE) review as
of July 2012. This information was then compared to the wind tur-
bine noise specific dose–response relationships for self-reported
annoyance from Pedersen et al. (17) and Bakker et al. (26) using
data collected from 725 survey respondents living in the proximity
of wind turbines (<2.5 km) in the Netherlands.

One of the study findings was that a distinct exponentially
decreasing relationship was observed between distance to the near-
est noise source and the sound pressure level predicted. However,
although distance to the nearest noise source could explain a
large proportion (86%) of the total variance in predicted sound
pressure levels, other sources of variation are also important;
predicted sound pressure levels at a set distance varied by approx-
imately 5–10 dB(A) and the distance at which a set sound pressure
level was met varied by approximately 1000 m. These variations
reflect differences in the noise model inputs such as the physical
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design and noise emission ratings of the turbines (and transformer
substations, if present) used in different projects and the total
number of turbines (and transformer substations, if present) in
the vicinity of the receptor location. Given that noise levels can
vary substantially at a given distance, these data highlighted the
inadequacy of using distance to the nearest turbine as a proxy for
wind turbine noise exposure.

One of the other findings was that, for non-participating recep-
tors, predicted rates of noise-related annoyance (when indoors)
would not exceed 8%, with further reductions in the rates of
annoyance at increased distances (i.e., >1 km). In comparison,
it had previously been established that approximately 8% of adult
Canadians reported being either “very or extremely bothered, dis-
turbed, or annoyed” by noise in general when they were at home
and 6.7% of adult Canadians indicated they were either “very or
extremely annoyed” by traffic noise specifically (54). Even in small
Canadian communities (i.e., <5000 residents) that are typically
associated with low background noise levels, 11% of respondents
were moderately to extremely annoyed by traffic noise (54). This
analysis suggested that the current wind turbine noise restrictions
in Ontario will limit community exposure to wind turbine related
noise such that levels of annoyance are unlikely to exceed pre-
viously established background levels of noise-related annoyance
from other common noise sources.

LOW-FREQUENCY NOISE AND INFRASOUND
As reviewed by Knopper and Ollson (9), a number of sources
have proposed that the self-reported health effects of some peo-
ple living near wind turbines may be due to LFN and infrasound
[e.g., (20, 39, 55)]. However, infrasound and LFN are not unique
to wind turbines; natural sources of infrasound include meteors,
volcanic eruptions, ocean waves, wind, and any effect that leads
to slow oscillations of the air (11). Measured LFN and infrasound
levels from wind turbines have been shown to comply with avail-
able standards and criteria published by numerous government
agencies including the UK Department for Environment, Food,
and Rural Affairs; the American National Standards Institute; and
the Japan Ministry of Environment (22). Therefore, Knopper and
Ollson (9) concluded that the hypothesis that infrasound is a
causative agent in health effects does not appear to be supported.
With some exceptions, more recent studies (summarized below)
generally support this hypothesis.

Møller and Pedersen (37): Møller and Pedersen conducted a
LFN study from four large turbines (>2 MW) and 44 other small
and large turbines that were aggregated (7 > 2 and 37 < 2 MW).
Low-frequency sound (LFS) insulation was measured for 10 rooms
under normal living conditions in houses exposed to LFN. They
concluded that the spectrum of wind turbine noise moves down in
frequency with increasing turbine size. They also suggested that the
low-frequency part of the noise spectrum plays an important role
in the noise at neighboring properties. They hypothesized that if
the noise from the investigated large turbines had an outdoor level
of 44 dB(A) (the maximum of the Danish regulation for wind tur-
bines) there was a risk that a substantial proportion of the residents
would be annoyed by LFN, even indoors. However, the authors’
work did not include a survey of annoyance surrounding the tur-
bines and did not provide any data to support this hypothesis.
In terms of infrasound (sound below 20 Hz), they concluded that

the levels were relatively low when human sensitivity to these fre-
quencies was accounted for. Even in close proximity to turbines,
the infrasonic sound pressure level was below the normal hear-
ing threshold. Overall, this study suggested that LFN could be an
important component of the overall noise levels from wind tur-
bines. However, it did not provide a link between modeled or
measured values and potential health effects of nearby residents.
Rather, it hypothesized that at 44 dB(A), at least a portion of the
annoyance could be attributed to LFN levels.

Bolin et al. (38): Bolin et al. (38) conducted a literature review
over a 6-month period ending April 2011 into the potential health
effects related to infrasound and LFN exposure surrounding wind
turbines. They conducted the search using PubMed, PsycInfo, and
Science Citation Index. In addition, they conducted gray literature
searches and personally contacted researchers and noise consul-
tants working with wind turbine noise. They concluded that the
dominant source of wind turbine generated LFN was from incom-
ing turbulence interacting with the blades. They found no evidence
in the literature that infrasound in the 1–20 Hz range contributed
to perceived annoyance or other health effects. They also opined
that LFN from modern wind turbines could be audible at typical
levels in residential settings, but did not exceed levels from other
common noise sources, such as road traffic noise.

The authors concluded that empirical support was lacking for
claims that LFN and infrasound cause serious health affects in the
form of “vibroacoustic disease (VAD),”“wind turbine syndrome,”
or harmful effects on the inner ear. This conclusion was similar to
that provided in the Massachusetts Department of Environmental
Protection (MassDEP) and Massachusetts Department of Public
Health (MDPH) expert panel review released in January 2012.

Rand et al. (39) and Ambrose et al. (40): in the fall of 2011,
Rand et al. published their findings on noise measurements taken
around a residential home online in the Bulletin of Science, Tech-
nology and Society (BSTS) (39). In 2012, a similar article appeared
in BSTS, but with Ambrose as first author. After learning about
reported noise and health issues from some residents living near
three wind turbines (Vestas, Model V82, 1.65 MW each) in Fal-
mouth, MA, USA, Ambrose et al. conducted a study to investigate
the role of infrasound and LFS in these complaints. What led
Ambrose et al. to focus on infrasound and LFS was the home
owner’s complaints about discomfort and a number of symptoms
(i.e., headaches, ear pressure, dizziness, nausea, apprehension, con-
fusion, mental fatigue, inability to concentrate, and lethargy).
These observations were reported to be associated with being
indoors when the wind turbines were operating during moder-
ate to strong winds. Ambrose et al. state: “Typically, indoors the
A-weighted sound level is lower than outdoors when human activ-
ity is at a minimum. This strongly suggested that the A-weighted
sound level might not correlate very well [sic] the wind turbine com-
plaints. This may be indicative of another cause such as low- or
very-low-frequency energy being involved.”

The authors made acoustic measurements and viewed the
data with dBL (unweighted) and dB(A), (C), and (G) filtering
between April 17 and 19, 2011, at four locations [260 ft (~87 m),
830 ft (~277 m),1,340 ft (~450 m),and 1,700 ft (~570 m)] between
one turbine and one residence. The relationship between
sound [dB(A), (G), and (L)] and health effects was based on
measurements at 1,700 ft. Ambrose et al. reported that within
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20 min, both authors had difficulties performing ordinary tasks
and within 1 h both were “debilitated and had to work much harder
mentally.” They also claimed that as time went on their symptoms
became more severe.

The authors reported being affected when wind speeds were
greater than 10 m/s at the hub height of the turbines and when
measured sound levels were in the 18–24 dB(A) range inside [51–
64 dB(G); 62–74 dB(L)] and 32–46 dB(A) outside [49–65 dB(G);
57–69 dB(L)]. They reported that they felt effects inside and out-
side but preferred being outside. They noted that it took a week
to recover but one researcher had recurring symptoms (of nausea
and vertigo) for over 7 weeks. There are a number of uncertainties
in the Ambrose et al. white paper and the BSTS articles, which
diminished the strength of their conclusions. This was the first
written account we are aware of that suggested acute health effects
from exposure to sound from wind turbines. The recent Mass-
DEP and MDPH (56) report provided this comment regarding
the Ambrose et al. study: “Importantly, while there is an amplifi-
cation at these lower frequencies, the indoor levels (unweighted) are
still far lower than any levels that have ever been shown to cause a
physical response (including the activation of the OHC) in humans.”

Further, studies where biological effects observed following
infrasound exposure were conducted at sound pressure levels
much greater than measured by Ambrose et al. [e.g., (11); 145 and
165 dB; (57): 130 dB] and much greater than what is produced by
wind turbines. There are over 100,000 wind turbines in operation
globally. Indeed, the idea of overt acute debilitating effects (even
lasting several weeks after removal from exposure) appears to be
unique to these authors.

Turnbull et al. (41): Turnbull et al. developed an underground
technique to measure infrasound and applied this process at two
Australian wind farms as well as in the vicinities of a beach, a
coastal cliff, the city of Adelaide, and a power station. The mea-
sured levels were compared against one another and against the
infrasound audibility threshold of 85 dB(G). The authors reported
that the measured level of infrasound within the wind farms was
well below the audibility threshold and was similar to that of urban
and coastal environments and near other engineered noise sources.
Indeed, the level of infrasound from wind farms at 360 and 85 m
[61 and 72 dB(G), respectively] was comparable to that observed
at a distance of 25 m from ocean waves [75 dB(G)].

Crichton et al. (7): this study examined the possibility that
expectations of negative health effects from exposure to infra-
sound promote symptom reporting. A sham controlled, double-
blind provocation study was conducted in which participants were
exposed to 10 min of infrasound and 10 min of sham infrasound.
A total of 54 participants (34 women, 20 men) were randomized
into high- or low-expectancy groups and presented with audiovi-
sual information (including internet material) designed to invoke
either high or low expectations that exposure to infrasound causes
specific symptoms (e.g., headache, ear pressure, itchy skin, sinus
pressure, dizziness, vibrations within the body). Notably, partici-
pants in the high-expectancy group reported significant increases
in the number and intensity of symptoms experienced during
exposure to both infrasound and sham infrasound. Conversely,
there were no symptomatic changes in the low-expectancy group.

Based on their findings, Crichton et al. (7) concluded: “Healthy
volunteers, when given information about the expected physiological

effect of infrasound, reported symptoms that aligned with that infor-
mation, during exposure to both infrasound and sham infrasound.
Symptom expectations were created by viewing information read-
ily available on the Internet, indicating the potential for symptom
expectations to be created outside of the laboratory, in real world
settings. Results suggest psychological expectations could explain the
link between wind turbine exposure and health complaints.” These
results were consistent with the findings of other researchers, who
have observed increased concern about the health risks associated
with exposure to certain environmental hazards can lead to ele-
vated symptom reporting, even when no objective health risk is
presented (58, 59).

Crichton et al. (8): building on their previous publication that
negative expectations established by the media and internet can
significantly increase health-related complaints by exposed indi-
viduals (8), the authors investigated how positive expectations
can produce a reduction in symptoms. Sixty participants were
exposed to audible wind farm sound [43 dB(A)] and infrasound
[9 Hz, 50.4 dBL (unweighted)] previously recorded 1 km from a
wind farm, in two, 7 min session. Following baseline measure-
ments, expectations were developed by watching videos that either
promoted the negative health effects or the potentially therapeu-
tic health effects of exposure to infrasound. Expectations were
found to significantly alter symptom reporting: participants who
were primed with negative expectations became more sympto-
matic over time, suggesting that their experiences during the first
exposure session reinforced expectations and led to heightened
symptomatic experiences in subsequent sessions. Upwards of 77%
of participants in the negative expectation group reported a wors-
ening of symptoms. In contrast, 90% of participants in the positive
expectation group reported improvements in physical symptoms
after the listening session. This was the first study to show that a
placebo response could be brought on by positive pre-exposure
expectations and influence participants exposed to wind farm
noise. The authors concluded that negative expectations created
by the media could account for the increase in negative health
effects reported by individuals exposed to wind farm noise. Over-
all, this investigation provided further evidence that physiological
outcomes can be influenced by established expectations.

ELECTROMAGNETIC FIELDS
Concerns about the ever-present nature of EMF (also called elec-
tric and magnetic fields) and possible health effects have been
raised by some in the global community for a number of years.
However, the science around EMF and possible health concerns
has been extensively researched, with tens of thousands of sci-
entific studies published on the issue. Government and medical
agencies including Health Canada (60), the World Health Orga-
nization (61), the International Commission on Non-Ionizing
Radiation Protection (62), the International Agency for Research
on Cancer (63), and the US National Institute of Health (NIH) and
National Institute of Environmental Health Sciences (64) have all
thoroughly reviewed the available information. While individual
opinions on the issue vary, the weight of scientific evidence does
not support a causal link between EMF and health issues at levels
typically encountered by people.

Short-term exposure to EMF at high levels is known to cause
nerve and muscle stimulation in the central nervous system. Based
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on this information, the ICNIRP, a group recognized by the WHO
as the international independent advisory body for non-ionizing
radiation protection, established an acute exposure guideline of
2,000 mG for the general public, based on power frequency EMF
of 50–400 Hz (62). With respect to long-term exposure to low
levels of EMF, it needs to be acknowledged that the IARC and
WHO have categorized EMF as a Class 2B possible human car-
cinogen, based on a weak association of childhood leukemia and
magnetic field strength above 3–4 mG (63). This means there is
limited evidence of carcinogenicity in humans and inadequate evi-
dence of carcinogenicity in experimental animals. These human
studies are weakened by various methodological problems that
the WHO has identified as a combination of selection bias, some
degree of confounding and chance (65). There are also no globally
accepted mechanisms that would suggest that low-level exposures
are involved in cancer development and animal studies have been
largely negative (65). Thus, the WHO has stated that, based on
approximately 25,000 articles published over the past 30 years,
the evidence linking childhood leukemia to EMF exposure is not
strong enough to be considered causal (61). Concerns have also
been raised by some about a relationship between EMF and a range
of various health concerns, including cancers in adults, depression,
suicide, and reproductive dysfunction, among several others. The
WHO (65) has stated: “ . . .scientific evidence supporting an associa-
tion between ELF [extremely low frequency] magnetic field exposure
and all of these health effects is much weaker than for childhood
leukaemia.”

Recently, worries about exposure to EMF from wind turbines,
and associated electrical transmission, has been raised at public
meetings and legal proceedings. These fears have not been based on
any actual measurements of EMF exposure surrounding existing
projects but appear to follow from concerns raised from internet
sources and misunderstanding of the science. There has been lim-
ited research conducted on wind turbine emissions of EMF, either
from the turbines themselves, or from the power lines required
for distribution of the generated electricity. However, based on the
weight of evidence it is not expected that EMF from wind turbines
is likely to be a causative agent for negative health effects in the
community. Only three papers were retrieved in the preparation
of this review that examined this issue specifically.

Havas and Colling (42): the paper indicated that there were
some people who lived around wind turbines that complained of
difficulty sleeping, fatigue, depression, irritability, aggressiveness,
cognitive dysfunction, chest pain/pressure, headaches, joint pain,
skin irritations, nausea, dizziness, tinnitus, and stress. The authors
suggested that these symptoms could be caused by electromag-
netic waves in the form of poor power quality (dirty electricity)
and ground current resulting in health effects in those that are
electrically hypersensitive. They indicated that individuals reacted
differently to both sound and electromagnetic waves and this could
explain why not everyone experienced the same health effects
living near turbines. Ground current or stray voltage was also pur-
ported to be a potential cause of health effects surrounding wind
turbines. However, this paper was hypothetical and speculative
in nature and no data were presented to support the author’s
opinions. Presently, there are no quantitative data in the scientific
literature to support the claims made in Havas and Colling (42).

Israel et al. (43): these authors conducted EMF, sound, and
vibration measurements surrounding one of the largest wind
energy parks in Bulgaria, located along the Black Sea. The purpose
of the study was to determine if levels of wind turbine emissions
were within Bulgarian and European limits for workers and the
general population. In addition, they sought to determine if their
previously established 500 m setback zone around the wind park
was adequate. The wind park consisted of 55 Vestas V90 3 MW
towers. The measurements took place over a 72-h period when
temperatures were between 0 and 5.5°C. Actual distances to the
receptor locations were not reported, although it is suspected that
they would be in the vicinity of 500 m from the closest turbines.

The EMF levels measured within 2–3 m of the wind turbines
were between 0.133 and 0.225 mG. These values are compara-
ble to or lower than magnetic field measurements that have been
reported in the proximity of typical household electrical devices
(66). It should be noted that the values observed by Israel et al. were
approximately four orders of magnitude lower than the ICNIRP
(62) guideline of 2,000 mG for the general public for acute expo-
sure. Based on these findings, Israel et al. concluded that the EMF
levels from wind turbines were at such low level as to be insignif-
icant compared to values found in residential areas and homes.
The findings reported by Israel et al. of actual measurements of
EMF surrounding wind turbines were contrary to the hypothesis
presented by Havas and Colling (42).

The noise measurements performed by Israel et al. met the
requirements of Bulgarian legislation for day [55 dB(A)], evening
[50 dB(A)], and night [45 dB(A)] and it was concluded that the
wind turbines contributed only 1–3 dB(A) above existing back-
ground levels. Vibration measurements surrounding the turbines
had values close to zero, which indicated that this was not a con-
tributing emission factor of exposure for people living around
wind turbines. Overall, the authors concluded:“ . . .the studied wind
power park complies with the requirements of the national and Euro-
pean legislation for human protection from physical factors–electric
and magnetic fields up to 1 kHz, noise, vibration, and do not cre-
ate risk for both workers in the area of the park and the general
population living in the nearest villages.”

McCallum et al. (44): this study was carried out at the Kings-
bridge 1 Wind Farm located near Goderich, ON, Canada. Magnetic
field measurements (milligauss) were collected in the proximity of
15 Vestas 1.8 MW wind turbines, two substations, various buried
and overhead collector and transmission lines, and nearby homes.
Data were collected during three operational scenarios to charac-
terize potential EMF exposure: “high wind” (generating power),
“low wind” (drawing power from the grid, but not generating
power), and “shut off” (neither drawing, nor generating power).

Background levels of EMF (0.2–0.3 mG) were established by
measuring magnetic fields around the wind turbines under the
“shut off” scenario. Magnetic field levels detected at the base of the
turbines under both the “high wind” and “low wind” conditions
were low (mean= 0.9 mG; n= 11) and rapidly diminished with
distance, becoming indistinguishable from background within 2 m
of the base. Magnetic fields measured 1 m above buried collector
lines were also within background (≤0.3 mG). Beneath overhead
27.5 and 500 kV transmission lines, magnetic field levels of up
to 16.5 and 46 mG, respectively, were recorded. These levels also
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diminished rapidly with distance. None of these sources appeared
to influence magnetic field levels at nearby homes located as close
as just over 500 m from turbines, where measurements immedi-
ately outside of the homes were ≤0.4 mG. The results suggested
that there was nothing unique to wind farms with respect to EMF
exposure; in fact, magnetic field levels in the vicinity of wind
turbines were lower than those produced by many common house-
hold electrical devices (e.g., refrigerator, dishwasher, microwave,
hairdryer) and were well below any existing regulatory guidelines
with respect to human health.

SHADOW FLICKER
The main health concern associated with shadow flicker is the
risk of seizures in those people with photosensitive epilepsy. As
reviewed by Knopper and Ollson (9), Harding et al. (14) and
Smedley et al. (19) have published the seminal studies dealing with
this concern. Both authors investigated the relationship between
photo-induced seizures (i.e., photosensitive epilepsy) and wind
turbine blade flicker (also known as shadow flicker). Both stud-
ies suggested that flicker from turbines that interrupt or reflect
sunlight at frequencies >3 Hz pose a potential risk of inducing
photosensitive seizures in 1.7 people per 100,000 of the photosen-
sitive population. For turbines with three blades, this translates to
a maximum speed of rotation of 60 rpm. Modern turbines com-
monly spin at rates well below this threshold. For example, the
following spin rates for four different models of wind turbines
have been obtained from the turbine specification sheets:

• Siemens SWT-2.3: 6–16 rpm
• REpower MM92: 7.8–15.0 rpm
• GE 1.6–100: 9.75–16.2 rpm
• Vestas V112-3.0: 6.2–17.1 rpm

In 2011, the Department of Energy and Climate Change (67)
released a consultant’s report entitled “Update of UK Shadow
Flicker Evidence Base.” The report concluded that: “On health
effects and nuisance of the shadow flicker effect, it is considered that
the frequency of the flickering caused by the wind turbine rotation
is such that it should not cause a significant risk to health.” Fur-
thermore, the expert panel convened by MassDEP and MDPH
(56) concluded that the scientific evidence suggests that shadow
flicker does not pose a risk of inducing seizures in people with
photosensitive epilepsy.

Germany is one of the only countries to implement formal
shadow flicker guidelines, which are part of the Federal Emission
Control Act (68). These guidelines allow:

• maximum 30 h per year of astronomical maximum shadow
(worst case);

• maximum 30 min worst day of astronomical maximum shadow
(worst case); and

• maximum 8 h per year actual.

Although shadow flicker from wind turbines is unlikely to lead
to a risk of photo-induced epilepsy, there has been little if any
research conducted on how it could heighten the annoyance fac-
tor of those living in proximity to turbines. It may however be
included in the notion of visual cues.

REVIEW ARTICLES, EDITORIALS, AND SOCIAL COMMENTARIES
In addition to the articles reviewed above that reported the results
of surveys and experiments designed to specifically investigate
potential environmental stressors that have been associated with
wind turbines (i.e., overall noise, LFN and infrasound, EMF, and
shadow flicker), a number of published and peer-reviewed articles
were identified that present reviews of the available data, opinion
pieces, and/or social commentaries. These articles are reviewed in
detail below.

Bulletin of Science, Technology and Society: Special Edition
2011, 31(4): in August 2011, authors of a number of popular
literature studies published their findings as a series of nine arti-
cles in a special edition of the Bulletin of Science, Technology
and Society (BSTS) devoted entirely to wind farms and poten-
tial health effects1. Many of the articles in the special edition
were written as opinion pieces or social commentaries and did
not provide detailed methodologies used to test hypotheses as is
expected in the publication of scientific research articles. Based
on a critical review of each of the articles (69), it is our opinion
that the series suffers numerous flaws from a scientific, techno-
logical, and social basis. Many of the claims used as evidence of a
relationship between health effects and wind turbines were unsub-
stantiated [e.g., Phillips (70) is entirely unsupported and contains
alarmist extrapolations], without proper references [e.g., (70, 71)]
and based on anecdotal or unconfirmed reports [e.g., (55, 70, 72,
73)], fallacious comparisons [e.g., (74)], and reaching arguments
lacking a logical process [e.g., (70, 73, 75, 76)]. Further, much infor-
mation given as fact was contrary to that published in the scientific
literature; indeed, many authors appeared to selectively reference
articles and information in a way that would benefit their own
arguments [e.g., (55, 71)]. The results of this BSTS special issue
failed to provide valid, defensible scientific and social arguments
to suggest that wind turbines, regardless of siting considerations,
cause harm to human health.

Hanning and Evans (45) and Chapman (46): in 2012, Hanning
and Evans had an editorial published in the British Medical Jour-
nal (BMJ), the purpose of which was to opine on the relationship
between wind turbines noise and health effects. By citing a short
list of articles (12), half of which are from the non-indexed jour-
nal BSTS or from conference proceedings (3 and 3, respectively,
out of 12), Hanning and Evans suggested that: “A large body of
evidence now exists to suggest that wind turbines disturb sleep and
impair health at distances and external noise levels that are permit-
ted in most jurisdictions.” and “Robust independent research into the
health effects of existing wind farms is long overdue, as is an inde-
pendent review of existing evidence and guidance on acceptable noise
levels.”

Shortly after publication, this editorial was rebuffed by Chap-
man (46), in another editorial placed in the BMJ. Chapman
pointed out that there are a number of independent reviews of
the literature around wind turbines and human health (Chap-
man points to 17 such papers not referenced by Hanning and
Evans). Chapman opined that: “These reviews strongly state that
the evidence that wind turbines themselves cause problems is poor.

1http://bst.sagepub.com/
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They conclude that: Small minorities of exposed people claim to be
adversely affected by turbines; Negative attitudes to turbines are more
predictive of reported adverse health effects and annoyance than are
objective measures of exposure; Deriving income from hosting wind
turbines may have a “protective effect” against annoyance and health
symptoms.” Further debate about the original editorial is available
online to view (and comment on) through the BMJ web site2.

Farboud et al. (47): this review article looked at the effects of
LFN and infrasound and questioned the existence of “wind turbine
syndrome.” The authors conducted a literature search for articles
published within the last 10 years, using the PubMed database and
the Google Scholar search engine. Their search terms included
“wind turbine,” “infrasound,” or “LFN” and search results were
limited to the English language, human trials, and either random-
ized control trials, meta-analyses, editorial letters, clinical trials,
case reports, comments, or journal articles. A number of articles
dealing with “wind turbine,”“infrasound,” or “LFN,” and available
in PubMed and Google Scholar, appear to have been missed by Far-
boud et al. [e.g., (9, 22, 38)]. The review included discussions on
topics such as wind turbine noise measurements and regulations,
wind turbine syndrome, and the effects of LFN and infrasound.

The authors discussed the use of A-weighting in noise measure-
ments from wind turbines stating: “The A-filter de-emphasizes all
auditory energy with frequencies of less than 500 Hz, and completely
ignores all auditory energy of less than 20 Hz, in an effort to estimate
the noise thought to be actually processed by the ear. Hence, much
of the noise produced by a wind turbine is effectively ignored.” The
authors later described the results and implications of studies look-
ing at the effects of infrasound in the ear, and noted that infrasound
and LFN are currently not recognized as disease agents. Referenc-
ing a study by Salt and Hullar (20), the authors noted that the
inner hair cells of the cochlea, which is the main hearing pathway
in mammals, are not sensitive to infrasound. Conversely, the outer
hair cells of the cochlea are more sensitive to LFN and infrasound
and can be stimulated at levels below the auditory threshold. Nev-
ertheless, the authors conceded that: “ . . .low-frequency noise may
well influence inner ear physiology. However, whether this actually
alters function or causes symptoms is unknown.”

It should be noted that, as discussed in the “Low-Frequency
Noise and Infrasound” section of this review, there were a number
of studies that specifically addressed the concerns of LFN and
infrasound from wind turbines that suggested that these were
unlikely to be causative agents in health effects of those living
near wind turbines [e.g., (7, 11, 22, 37, 38)]. Unfortunately, none
of these studies were included as part of the Farboud et al. review.

Regarding the existence of “Wind Turbine Syndrome,” Far-
boud et al. stated that: “There is an abundance of information
available on the internet describing the possibility of wind turbine
syndrome. However, the majority of this information is based on
purely anecdotal evidence.” The authors briefly discussed the var-
ious symptoms that have been self-reported by individuals and
attributed to noise from wind turbines. They also pointed out that
“Wind Turbine Syndrome” was not a clinically recognized diag-
nosis, remained unproven, and was not generally accepted within

2http://www.bmj.com/content/344/bmj.e1527?tab=responses

the scientific and medical community. They also mentioned that
some researchers maintained that the effects of “Wind Turbine
Syndrome” were just examples of the well-known stress effects
of exposure to noise, as displayed by a small proportion of the
population.

Farboud et al. concluded their review by suggesting that the evi-
dence available was incomplete and until the physiological effects
of LFN and infrasound were fully understood, it was not possible
to conclusively state that wind turbines were not causing any of
the reported effects. However, it was not clear how this conclu-
sion might have been altered had they considered the additional
available information regarding LFN and infrasound from wind
turbines described elsewhere in this review [i.e., (7, 11, 22, 37, 38)].

McCubbin and Sovacool (48): McCubbin and Sovacool (48)
presented a comparison of the health and environmental benefits
of wind power in contrast to natural gas. The authors selected two
locations: the 580 MW wind farm at Altamont Pass in California
and the 22 MW wind farm in Sawtooth, ID, USA. The paper con-
sidered the environmental and economic benefits associated with
each wind farm. Human health benefits were calculated based on
a reduction in ambient PM2.5 levels using well-established health
impact and valuation functions from the US EPA. Additionally,
benefits to the health and well-being of wildlife and avian species
were quantified.

With regard to the human health impacts, the potential cost
savings were associated with effects such as premature mortality,
hospital admissions, emergency rooms visits, asthma attacks, and
respiratory symptoms. The details of the quantification methods
and equations used to calculate the benefits to externalities such
as human health, wildlife, and the natural environment were not
provided herein but are available in the published manuscript.

McCubbin and Sovacool determined that from 2012 to 2031
the wind turbines at Altamont Pass will avoid anywhere from
$560 million to $4.38 billion in human health and climate-related
externalities, and the Sawtooth wind farm will avoid from $18
million to $24 million. The authors noted that there were uncer-
tainties associated with their quantification methods and final cost
estimates; however, they claimed that the values were likely under-
estimated based on numerous factors that were not considered
(e.g., other pollutants). They concluded that: “Despite the uncer-
tainties, the evidence gathered here strongly suggests that natural gas
had substantial external costs that should be included in an eval-
uation comparing wind energy to combined cycle natural gas-fired
power plants. The overall costs of electricity generated by natural gas
are greater than those from wind energy when environmental and
human health externalities are quantified. It remains likely that over
time the relative difference will widen, making the use of wind energy
even more favorable.”

Roberts and Roberts (49): the authors conducted a summary
of the peer-reviewed literature on the research that examined the
relationship between human health effects and exposure to LFS
and sound generated from the operation of wind turbines. The
PubMed database (maintained by the US National Library of Med-
icine) was relied upon for retrieving the peer-reviewed literature
used in this review. A number of search terms were used including:
“infrasound and health effects”;“LFN and health effects”;“LFS and
health effects”; “wind power and noise”; and “wind turbines AND
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noise.”In total, 156 articles were identified with 28 articles address-
ing health effects and LFS related to wind turbines. Based on the
collective results of the studies reviewed, Roberts and Roberts (49)
found that: “At present, a specific health condition or collection of
symptoms has not been documented in the peer-reviewed, published
literature that has been classified as a ‘disease’ caused by exposure
to sound levels and frequencies generated by the operations of wind
turbines. It can be theorized that reported health effects are a mani-
festation of the annoyance that individuals experience as a result of
the presence of wind turbines in their communities.”

Chapman and St. George (50): in 2007, Alves-Pereira and
Castelo Branco issued a press-release suggesting that their research
demonstrated that living in proximity to wind turbines had led
to the development of VAD in nearby home-dwellers (9). Alves-
Pereira and Castelo Branco appear to be the primary researchers
who have circulated VAD as a hypothesis for adverse health effects
and wind turbines and to our knowledge this work has never
appeared in a peer-reviewed article. In this paper, Chapman and St.
George investigated the extent to which VAD and its alleged associ-
ation with wind turbine exposure had received scientific attention,
the quality of that association, and how the alleged association
gained support by wind farms opponent.

Based on a structured scientific database and Google search
strategy, the authors showed that “VAD has received virtually no
scientific recognition beyond the group who coined and promoted
the concept. There is no evidence of even rudimentary quality that
vibroacoustic disease is associated with or caused by wind turbines.”
They went on to state that an implication of this“factoid”– defined
as questionable or spurious statements – may have been contribut-
ing to nocebo effects among those living near turbines. That is the
spread of negative, often emotive information would be followed
by increases in complaints and that without such suggestions
being spread, complaints would be less. These results highlighted
the role that perception plays in the human health wind turbine
debate and underscored the role of proper risk communication in
communities.

Jeffery et al. (51, 52): the overall goal of these commentary
pieces was to provide information to physicians regarding the pos-
sible health effects of exposure to noise produced by wind turbines
and how these may manifest in patients. In the 2013 article, infor-
mation about the Green Energy Act was presented in such a way
that implied that the overall goal of the Act was to remove pro-
tective noise regulations and allow wind turbines to be placed “in
close proximity to family homes.”The authors suggested that there
has been a concerted effort to minimize the potential health risks
while convincing the general public and physicians that wind tur-
bines are beneficial. No evidence was given to support these claims.
Case reports and publications that reported adverse effects follow-
ing wind turbines noise exposure were briefly discussed; however,
only the negative health effects were highlighted. Older literature
and a number of non-peer-reviewed articles and media reports
were used to support the author’s opinions. The 2014 paper is
very similar to that published in 2013. The authors provided a
very one-sided opinion in their review of the issue of wind tur-
bines and adverse health effects. They have missed a number of
key and pertinent articles that have been published on the issue.
Overall the authors did not provide adequate data or support for

their arguments, in both papers, nor did they provide accurate
information regarding the weight of scientific data on the issue.

WEIGHT OF EVIDENCE CONCLUSIONS
There are roughly 60 studies that have been conducted worldwide
on the issue of wind turbines and human health. In terms of effects
being related to wind turbine operational effects and wind turbine
noise, there are fewer than 20 articles. The vast majority has been
published in one journal (BSTS) and many of these authors sit
on advisory board of the Society for Wind Vigilance, an advocacy
group in the province of Ontario. However, with respect to effects
being more likely attributable to a number of subjective variables
(when turbines are sited correctly), there are closer to 45 articles.
These articles are published by a variety of different authors with
wide and diverse affiliations. Indeed, conclusions stemming from
these articles are supported by studies where audible and inaudible
noise has been quantified from operational wind turbines.

Based on the findings and scientific merit of the research con-
ducted to date, it is our opinion that the weight of evidence suggests
that when sited properly, wind turbines are not related to adverse
health effects. This claim is supported (and made) by findings
from a number of government health and medical agencies and
legal decisions [e.g., (56, 77–80)]. Collectively, the evidence has
shown that while noise from wind turbines is not loud enough to
cause hearing impairment and is not causally related to adverse
effects, wind turbine noise can be a source of annoyance for some
people and that annoyance may be associated with certain reported
health effects (e.g., sleep disturbance), especially at sound pressure
levels >40 dB(A).

The reported correlation between wind turbine noise and
annoyance is not unexpected as noise-related annoyance
[described by Berglund and Lindvall (81) as a “feeling of displea-
sure evoked by a noise”] has been extensively linked to a variety
of common noise sources such as rail, road, and air traffic (81–
83). Noise-related annoyance from these more common sources is
prevalent in many communities. For instance, results of national
surveys in Canada and the U.K. by Michaud et al. (54) and Grim-
wood et al. (84), respectively, suggested that annoyance from noise
(predominantly traffic noise) may impact approximately 8% of
the general population. Even in small communities in Canada (i.e.,
<5000 residents) where traffic is relatively light compared to urban
centers, Michaud et al. (54) reported that 11% of respondents were
moderately to extremely annoyed by traffic noise.

Although annoyance is considered to be the least severe poten-
tial impact of community noise exposure (83, 85), it has been
hypothesized that sufficiently high levels of annoyance could
lead to negative emotional responses (e.g., anger, disappointment,
depression, or anxiety) and psychosocial symptoms (e.g., tired-
ness, stomach discomfort, and stress) (83, 86–90). However, it is
important to note that noise annoyance is known to be strongly
affected by attitudinal factors such as fear of harm connected with
the source and personal evaluation of the source (91–93) as well
as expectations of residents (92). For wind turbines, this has been
reflected in studies that have shown that subjective variables like
evaluations of visual impact (e.g., beautiful vs. ugly), attitude to
wind turbines (benign vs. intruders), and personality traits are
more strongly related to annoyance and health effects than noise
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itself [e.g., (4, 5, 16, 17, 31)]. Thus, it is likely that the adverse
effects exhibited by some people who live near wind turbines are
a response to stress and annoyance, which are driven by multiple
environmental and personal factors, and are not specifically caused
by any unique characteristic of wind turbines. This hypothesis
is also supported by the observation that people who econom-
ically benefit from wind turbines have significantly decreased
levels of annoyance compared to individuals that received no eco-
nomic benefit, despite exposure to similar, if not higher, sound
levels (17).

There is also a growing body of research that suggests that
nocebo effects may play a role in a number of self-reported health
impacts related to the presence of wind turbines. Negative atti-
tudes and worries of individuals about perceived environmental
risks have been shown to be associated with adverse health-related
symptoms such as headache, nausea, dizziness, agitation, and
depression, even in the absence of an identifiable cause (94–96).
Psychogenic factors, such as the circulation of negative informa-
tion and priming of expectations have been shown to impact
self-assessments following exposure to wind turbine noise (6–8). It
is therefore important to consider the role of mass media in influ-
encing public attitudes about wind turbines and how this may
alter responses and perceived health impacts of wind turbines in
the community. For example, Deignan et al. (97) recently demon-
strated that newspaper coverage of the potential health effects of
wind turbines in Ontario has tended to emphasize “fright factors”
about wind turbines. Specifically, Deignan et al. (97) reported that
94% of articles provided “negative, loaded or fear-evoking” descrip-
tions of “health-related signs, symptoms or adverse effects of wind
turbine exposure” and 58% of articles suggested that the effects
of wind turbines on human health were “poorly understood by sci-
ence.” It is possible that this type of coverage may have a significant
impact on attitudinal factors, such as fear of the noise source, that
are known to increase noise annoyance (91–93).

Stress/annoyance is not unique to living in proximity to wind
turbines. The American Psychological Association (98) published
a report stating that the majority of Americans are living with
moderate (4 to 7 on a scale of 1 to 10) or high (8 to 10 on a
scale of 1 to 10) levels of stress. APA identified money, work, and
the economy as the most often cited sources of stress in Ameri-
cans followed by family responsibilities, relationships, job stability,
housing costs, health concerns, health problems, and safety. Stress
from these and other sources can lead to a number of adverse
health effects that are commonplace in society. The Mayo Clinic
(99) identifies irritability, anger, anxiety, sadness/guilt, change in
sleep, fatigue, difficulty concentrating or making decisions, loss
of interest/enjoyment, nausea, headache, and tinnitus as com-
mon symptoms of stress. Interestingly, these symptoms are nearly
identical to those suggested by McMurtry (55) as criteria for a
“diagnosis of adverse health effects in the environs of industrial wind
turbines.”

Based on the available evidence, we suggest the following best
practices for wind turbine development in the context of human
health. However, it should be noted that subjective variables (e.g.,
attitudes and expectations) are strongly linked to annoyance and
have the potential to facilitate other health complaints via the

nocebo effect. Therefore, it is possible that a segment of the
population may remain annoyed (or report other health impacts)
even when noise limits are enforced.

1. Setbacks should be sound-based rather than distance-based
alone.

2. Preference should be given to sound emissions of≤40 dB(A) for
non-participating receptors, measured outside, at a dwelling,
and not including ambient noise. This value is the same as
the WHO (Europe) night noise guideline (100) and has been
demonstrated to result in levels of wind turbine community
annoyance similar to, or lower than, known background levels
of noise-related annoyance from other common noise sources.

3. Post construction monitoring should be common place to
ensure modeled sound levels are within required noise limits.

4. If sound emissions from wind projects is in the 40–45 dB(A)
range for non-participating receptors, we suggest community
consultation and community support.

5. Setbacks that permit sound levels >45 dB(A) (wind turbine
noise only; not including ambient noise) for non-participating
receptors directly outside a dwelling are not supported due
to possible direct effects from audibility and possible levels of
annoyance above background.

6. When ambient noise is taken into account, wind turbine noise
can be >45 dB(A), but a combined wind turbine-ambient noise
should not exceed >55 dB(A) for non-participating and par-
ticipating receptors. Our suggested upper limit is based on
WHO (100) conclusions that noise above 55 dB(A) is “consid-
ered increasingly dangerous for public health,” is when “adverse
health effects occur frequently, a sizeable proportion of the popula-
tion is highly annoyed and sleep-disturbed” and “cardiovascular
effects become the major public health concern, which are likely
to be less dependent on the nature of the noise.”

Over the past 20 years, there has been substantial proliferation
in the use of wind power, with a global increase of over 50-fold
from 1996 to 2013 (1). Such an increase of investment in renewable
energy is a critical step in reducing human dependency on fos-
sil fuel resources. Wind-based energy represents a clean resource
that does not produce any known chemical emissions or harmful
wastes. As highlighted in a recent editorial in the British Medical
Journal, reducing air pollution can provide significant health ben-
efits, including reducing asthma, chronic obstructive pulmonary
disease, cancer, and heart disease, which in turn could provide
significant savings for health care systems (101). By following our
proposed health-based best practices for wind turbine siting, wind
energy developers, the media, members of the public and govern-
ment agencies can work together to ensure that the full potential
of this renewable energy source is met.
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REVIEW Open Access

Health effects and wind turbines: A review of the
literature
Loren D Knopper1* and Christopher A Ollson2

Abstract

Background: Wind power has been harnessed as a source of power around the world. Debate is ongoing with
respect to the relationship between reported health effects and wind turbines, specifically in terms of audible and
inaudible noise. As a result, minimum setback distances have been established world-wide to reduce or avoid
potential complaints from, or potential effects to, people living in proximity to wind turbines. People interested in
this debate turn to two sources of information to make informed decisions: scientific peer-reviewed studies
published in scientific journals and the popular literature and internet.

Methods: The purpose of this paper is to review the peer-reviewed scientific literature, government agency reports,
and the most prominent information found in the popular literature. Combinations of key words were entered into
the Thomson Reuters Web of KnowledgeSM and the internet search engine Google. The review was conducted in
the spirit of the evaluation process outlined in the Cochrane Handbook for Systematic Reviews of Interventions.

Results: Conclusions of the peer reviewed literature differ in some ways from those in the popular literature. In peer
reviewed studies, wind turbine annoyance has been statistically associated with wind turbine noise, but found to be
more strongly related to visual impact, attitude to wind turbines and sensitivity to noise. To date, no peer reviewed
articles demonstrate a direct causal link between people living in proximity to modern wind turbines, the noise they
emit and resulting physiological health effects. If anything, reported health effects are likely attributed to a number of
environmental stressors that result in an annoyed/stressed state in a segment of the population. In the popular
literature, self-reported health outcomes are related to distance from turbines and the claim is made that infrasound
is the causative factor for the reported effects, even though sound pressure levels are not measured.

Conclusions: What both types of studies have in common is the conclusion that wind turbines can be a source of
annoyance for some people. The difference between both types is the reason for annoyance. While it is
acknowledged that noise from wind turbines can be annoying to some and associated with some reported health
effects (e.g., sleep disturbance), especially when found at sound pressure levels greater than 40 db(A), given that
annoyance appears to be more strongly related to visual cues and attitude than to noise itself, self reported health
effects of people living near wind turbines are more likely attributed to physical manifestation from an annoyed
state than from wind turbines themselves. In other words, it appears that it is the change in the environment that
is associated with reported health effects and not a turbine-specific variable like audible noise or infrasound.
Regardless of its cause, a certain level of annoyance in a population can be expected (as with any number of
projects that change the local environment) and the acceptable level is a policy decision to be made by elected
officials and their government representatives where the benefits of wind power are weighted against their cons.
Assessing the effects of wind turbines on human health is an emerging field and conducting further research into
the effects of wind turbines (and environmental changes) on human health, emotional and physical, is warranted.

Keywords: Wind turbines, health, annoyance, infrasound, sound pressure level, noise
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Background
Wind power has been identified as a clean renewable
energy source that does not contribute to global warming
and is without known emissions or harmful wastes [1].
Studies on public attitudes in Europe and Canada show
strong support for the implementation of wind power
[2]. Indeed, wind power has become an integrated part of
provincial energy strategies across Canada; in Ontario,
the Ontario Power Authority has placed a great deal of
emphasis on procuring what they term “renewable and
cleaner sources of electricity”, such as wind [3].
Although wind power has been harnessed as a source

of electricity for several decades around the world, its
widespread use as a significant source of energy in
Ontario is relatively recent. As with the introduction of
any new technology, concerns have been raised that wind
power projects could lead to impacts on human health.
These concerns are related to two primary issues: wind
turbine design and infrastructure (i.e., electromagnetic
frequencies from transmission lines, shadow flicker from
rotor blades, ice throw from rotor blades and structural
failure) and wind turbine noise (i.e., levels of audible
noise [including low frequency noise] and infrasound). If
left unchecked and unmanaged, it is possible that indivi-
dually or cumulatively, these issues could lead to poten-
tial health impacts. In terms of noise, high sound
pressure levels (loudness) of audible noise and infrasound
have been associated with learning, sleep and cognitive
disruptions as well as stress and anxiety [4-8].
As a result, minimum setback distances have been estab-

lished world-wide to reduce or avoid potential effects for
people living in proximity to wind turbines. Under the
Ontario Renewable Energy Approval (REA) Regulation
(O. Reg. 359/09, as amended by O. Reg. 521/10), a mini-
mum setback distance of 550 m must exist between the
centre of the base of the wind turbine and the nearest
noise receptor (e.g., a building or campground). This mini-
mum setback distance was developed through noise mod-
eling under worst-case conditions to give a conservative
estimate of the required distance to attain a sound level of
40 dB(A) [9], the noise level that corresponds to the
WHO (Europe) night-noise guideline, a health-based limit
value “necessary to protect the public, including most of
the vulnerable groups such as children, the chronically ill
and the elderly, from the adverse health effects of night
noise” [8]. Globally, rural residential noise limits are gener-
ally set at 35 to 55 dB(A) [10].
This paper focuses on the research involving land-

based wind turbine projects. There are several interna-
tional off-shore marine projects that are in operation.
There was considerable interest in Ontario in develop-
ing off-shore wind projects on the Great Lakes. How-
ever, in February, 2011 the Province announced that it

would not proceed with proposed offshore wind projects
until further scientific research is conducted http://www.
news.ontario.ca/ene/en/2011/02/ontario-rules-out-off-
shore-wind-projects.html. This does not appear to have
been related, however, to health concerns.
Regardless, debate is ongoing with respect to the rela-

tionship between reported health effects and wind
turbines, specifically in terms of audible and inaudible
noise. People interested in this debate tend to turn to two
sources of information in order to make decisions: scienti-
fic peer-reviewed studies published in scientific journals,
and the popular literature and internet. For the general
public, the latter sources are the most readily available and
numerous websites have been constructed by individuals
or groups to support or oppose the development of wind
farms. Often these websites state the perceived impacts
on, or benefits to, human health to support the position of
the individual or group. The majority of information
posted on these websites cannot be traced back to a scien-
tific peer-reviewed source and is typically anecdotal in
nature. This serves to spread misconceptions about the
potential impacts of wind energy on human health making
it difficult for the general public (and scientists) to ascer-
tain which claims can be substantiated by scientific
evidence.
Accordingly, the purpose of this paper is to provide

results of a review of the peer-reviewed scientific literature
and the most prominent information found in the popular
literature. We have selected this journal as the source of
publication because it is a scientifically credible journal
with peer-reviewed articles that are easily accessible by the
general population who are interested in the subject of
wind turbines and health effects. Results of this review are
used to draw conclusions about wind turbines and health
effects using a weight-of-evidence approach.

Methods
Peer-Reviewed Literature
Publication of scientific findings is the basis of scientific
discourse, communication and debate. The peer review
process is considered a fundamental tenet of quality
control in scientific publishing. Once a research paper
has been submitted to a journal for publication it is
reviewed by external independent experts in the field.
The experts review the validity, reliability and impor-
tance of the results and recommend that the manuscript
be accepted, revised or rejected. This process, though
not perfect, ensures that the methods employed and the
findings of the research receive a high level of scrutiny,
such that an independent researcher could repeat the
experiment or calculation of results, prior to their publi-
cation. This process seeks to ensure that the published
research is of a high standard of quality, accurate, can
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be reproduced and demonstrates academic/professional
integrity.
In order to assess peer-reviewed studies designed to

test hypotheses about the association between potential
health effects in humans and wind turbines, a review of
the primary scientific literature was conducted. While
our review did not strictly follow the evaluation process
outlined in the Cochrane Handbook for Systematic
Reviews of Interventions [11], the standard for conduct-
ing information reviews in healthcare and pharmaceutical
industries, it was conducted in the spirit of the Cochrane
systematic review in that it was designed based on the
principle that “science is cumulative”, and by considering
all available evidence, decisions could be made that
reflect the best science available. It also involves critical
review and critique of the published literature and at
times weighting some manuscripts over others in the
same scientific field.
To facilitate this review, combinations of key words (i.e.,

annoyance, noise, environmental change, sleep distur-
bance, epilepsy, stress, health effect(s), wind farm(s), infra-
sound, wind turbines(s), low frequency noise, wind turbine
syndrome, neighborhood change) were selected and
entered into the Thomson Reuters (formerly ISI) Web of
KnowledgeSM. The Web of KnowledgeSM is a database
that covers over 10,000 high-impact journals in the
sciences, social sciences, and arts and humanities, as well
as international proceedings coverage for over 120,000
conferences. The Web of KnowledgeSM comprises seven
citation databases, two of which are relevant to the search:
the Science Citation Index Expanded (SCI-Expanded)
and the Social Sciences Citation Index (SSCI). The SCI-
Expanded includes over 6,650 major journals across
150 scientific disciplines and includes all cited references
captured from indexed articles. Coverage of the literature
spans the year 1900 to the present. On average, 19,000
new records per week are added to the SCI-Expanded.
SSCI is a multidisciplinary index of the social sciences
literature. SSCI includes over 1,950 journals across
50 social sciences disciplines from the year 1956 to the
present. It averages 2,900 new records per week. Use of
this literature search platform means the most up-to-date
multidisciplinary studies published and peer-reviewed
could be obtained.
Although hundreds of articles were found during the

search, very few were related to the association between
potential health effects and wind turbines. For example,
numerous articles have been published about infrasound,
but very few have been published about infrasound and
wind turbines. Indeed, only fifteen articles, published
between 2003 and 2011, were found relevant [12-26].
What can be seen from these articles is that the relation-
ship between wind turbines and human responses to
them is extremely complex and influenced by numerous

variables, the majority of which are nonphysical. What is
clear is that some people living near wind turbines
experience annoyance due to wind turbines, and visual
impact tends to be a stronger predictor of noise annoy-
ance than wind turbine noise itself. Swishing, whistling,
resounding and pulsating/throbbing are sound character-
istics most highly correlated with annoyance by wind tur-
bine noise for those people who noticed the noise outside
their dwellings. Some people are also disturbed in their
sleep by wind turbines. In general, five key points have
come out of these peer-reviewed studies with regards to
health and wind turbines.

1. People tend to notice sound from wind turbines
almost linearly with increasing sound pressure level
In the studies designed to evaluate the interrelationships
amongst annoyance and wind turbine noise, as well as the
influence of subjective variables such as attitude and noise
sensitivity, Pedersen and Persson Waye [13-15] showed
that people tend to notice sound from wind turbines
almost linearly with increasing sound pressure level.
Briefly, Pedersen and Persson Waye conducted cross-
sectional studies (in 2004: n = 351; in 2007: n = 754) and
gave people questionnaires regarding housing and satisfac-
tion with the living environment, including questions
about degree of annoyance experienced outdoors and
indoors and sensitivity to environmental factors, wind tur-
bines (noise, shadows, and disturbances), respondents’
level of perception and annoyance, and verbal descriptors
of sound and perceptual characteristics. The third section
had questions about chronic health (e.g., diabetes, tinnitus,
cardiovascular diseases), general wellbeing (e.g., headache,
undue tiredness feeling tensed/stressed, irritable) and nor-
mal sleep habits (e.g., quality of sleep, whether or not sleep
was disturbed by any noise source). The last section com-
prised questions on employment and working hours. Of
import, the purpose of the study was masked in the ques-
tionnaires, which was done to reduce the potential for
survey bias.
Of the 754 respondents involved in the Pedersen and

Persson Waye study [14], 307 (39%) noticed sound from
wind turbines outside their dwelling (range of sound pres-
sure level: < 32.5, 32.5-35.0, 35.0-37.5, 37.5-40.0, and >
40.0 dB(A)) and the proportion of respondents who
noticed sound increased almost linearly with increasing
noise. In the 37.5-40.0 dB(A) range, 76% of the 71 respon-
dents reported that they noticed sound from the wind tur-
bines; 90% of respondents (n = 18) in the > 40.0 dB(A)
category noticed sound from the wind turbines. The odds
of noticing sound increased by 30% for each increase in
dB(A) category. When data from both studies [13,14] were
combined (n = 1095) results were the same: the propor-
tion of respondents who noticed sound from wind
turbines showed increased almost linearly with increasing
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sound pressure level from roughly 5-15% of people noti-
cing noise at 29 dB(A) to 45-90% noticing noise at 41 dB
(A)[15].
In 2011 Pedersen [25] reported on the results of three

cross-sectional studies conducted in two areas of Sweden
(a flat rural landscape (n = 351) and suburban sites with
hilly terrain (n = 754) and one location in the Netherlands
(flat landscape but with different degrees of road traffic
intensity (n = 725)) designed assess the relationship
between wind turbine noise and possible adverse health
effects. Questionnaires were mailed to people in the three
areas to obtain information about annoyance and health
effects in response to wind turbines noise. Pedersen
included questions about several potential environmental
stressors and did not allow participants to know that the
focus of the study was on wind turbine noise, again in an
attempt to reduce self-reporting survey bias. For each
respondent, sound pressure levels (dB(A)) were calculated
for nearby wind turbines. The questionnaires were
designed to obtain information about people’s response to
noise (i.e., annoyance), diseases or symptoms of impaired
health (i.e., chronic disease, diabetes, high blood pressure,
cardiovascular disease, tinnitus, impaired hearing), stress
symptoms (i.e., headache, undue tiredness, feeling tense or
stressed, feeling irritable), and disturbed sleep (i.e., inter-
ruption of the sleep by any noise source). Results showed
that the frequency of those annoyed with wind turbines
was related to an increase in sound pressure level as
shown by odds ratios (OR) with 95% confidence intervals
(CI) greater than 1.0. Sleep interruption was associated
with sound level in two of the three studies (the areas with
flat terrain), but unlike the finding that people tend to
notice sound from wind turbines almost linearly with
increasing sound pressure level, sleep disturbance did not
increase gradually with noise levels, but spiked at 40 dBA
and 45 dBA.

2. A proportion of people that notice sound from wind
turbines find it annoying
Results of the Pedersen and Persson Waye studies [13-15]
also suggested that the proportion of participants who
were fairly annoyed or very annoyed remained quite level
through the 29-37 dB(A) range (no more than roughly
5%) but increased at noise levels above 37 dB(A), with
peaks at 38 db(A) and 41 dB(A), where up to 30% of peo-
ple were very annoyed. Respondents in the cross-sectional
studies (and other studies [12]) noted that swishing, whis-
tling, resounding and pulsating/throbbing were the sound
characteristics that were most highly correlated with
annoyance by wind turbine noise among respondents who
noticed the noise outside their dwellings. This was also
found by Leventhall [16]. Seven percent of respondents
(n = 25) from the Pedersen and Persson Waye study [13]
were annoyed by noise from wind turbines indoors, and

this was related to noise category; 23% (n = 80) were
disturbed in their sleep by noise. Of the 128 respondents
living at sound exposure above 35.0 dB(A), 16% (n = 20)
stated that they were disturbed in their sleep by wind tur-
bine noise. The authors comment that some people may
find wind turbine noise more annoying than that of other
types of noise (e.g., airplane and traffic) experienced at
similar decibel levels.
Similar results were shown by Pedersen and Persson

Waye [14]: a total of 31 of the 754 respondents said they
were annoyed by wind turbine noise. In the < 32.5 to the
37.5 dB(A) category 3% to 4% of people said they were
annoyed by wind turbine noise; in the 37.5-40.0 dB(A)
category, 6% of the 71 respondents were annoyed; and in
the > 40.0 category, 15% of 20 of respondents said they
were annoyed by wind turbine noise. In addition, 36% of
those 31 respondents who were annoyed by wind turbine
noise reported that their sleep was disturbed by a noise
source. Nine percent of those 733 respondents not
annoyed said their sleep was disturbed by a noise source.
Results of Pedersen [25] showed similar results: the fre-
quency of those annoyed was related to an increase in
sound pressure level. Moreover, self reported health effects
like feeling tense, stressed, and irritable, were associated
with noise annoyance and not to noise itself (OR and 95%
CI > 1.0). Sleep interruption, however, was associated with
sound level and annoyance (OR and 95%CI > 1.0). Peder-
sen notes that this finding is not necessarily evidence of a
causal relationship between wind turbine noise and stress
but may be explained by cognitive stress theory whereby
“an individual appraises an environmental stressor, such as
noise, as beneficial or not, and behaves accordingly”. In
other words, it appears that it is the change in the environ-
ment that is associated with the self-reported health
effects, not the presence of wind turbines themselves.
Keith et al. [17] proposed that in a quiet rural setting,

the predicted sound level from wind turbines should not
exceed 45 dB(A) at a sensitive receptor location (e.g., resi-
dences, hospitals, schools), a value below the World
Health Organization guideline for sleep and speech distur-
bance, moderate annoyance and hearing impairment. The
authors [17] suggest this level of noise could be expected
to result in a 6.5% increase in the percentage of highly
annoyed people. Since publication of the Keith et al. study,
the WHO Europe Region has released new Night Noise
Guidelines for Europe [8] and state that: “The new limit is
an annual average night exposure not exceeding 40 deci-
bels (dB), corresponding to the sound from a quiet street
in a residential area”. The value of 40 dB is considered the
lowest observed adverse effect level (LOAEL) for night
noise based on the finding that an average night noise
level over a year of 30-40 dB can result in a number of
effects on sleep such as body movements, awakening, self-
reported sleep disturbance and arousals [8]. The WHO
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states that even in the worst cases these effects seem
modest [8].

3. Annoyance is not only related to wind turbine noise
but also to subjective factors like attitude to visual
impact, attitude to wind turbines and sensitivity to noise
Pedersen and Persson Waye [13] revealed that attitude to
visual impact, attitude to wind turbines in general, and
sensitivity to noise were also related to the way people
perceived noise from turbines. For example, 13% of the
variance in annoyance from wind farms could be
explained by noise and the odds that respondents would
be annoyed by noise from wind turbines increased 1.87
times from one sound category to the next. When noise
and attitude to visual impact was statistically assessed,
46% of the variance in annoyance from wind farms could
be explained and the odds that respondents would be
annoyed from wind turbines increased 5.05 times from
one sound category to the next. Statistical analyses
showed that while attitude to wind turbines in general
and sensitivity to noise were also related to annoyance,
they did not have a greater influence on annoyance than
visual effect. Building on their 2004 paper, Pedersen and
Persson Waye [14] conducted a cross-sectional study in
seven areas in Sweden across dissimilar terrains and with
different degrees of urbanization. Three areas were classi-
fied as suburban; four as rural. Noise annoyance related
to wind turbines was also statistically related to whether
or not people live in suburban or rural areas and land-
scape (flat vs. hilly/complex). Visual impact has come out
as a stronger predictor of noise annoyance than wind tur-
bine noise itself. People who economically benefit from
wind turbines had significantly decreased levels of annoy-
ance compared to individuals that received no economic
benefit, despite exposure to similar sound levels [18].
One suggestion of the difference between rural and sub-

urban areas is level of background sound and interestingly,
perception and annoyance was associated with type of
landscape, “indicating that the wind turbine noise inter-
fered with personal expectations in a less urbanised area...
pointing towards a personal factor related to the living
environment” [14]. The authors also concluded that visual
exposure enhances the negative associations with turbines
when coupled with audible exposure. They also point out
that this study showed that aesthetics play a role in annoy-
ance: “respondents who think of wind turbines as ugly are
more likely to appraise them as not belonging to the land-
scape and therefore feel annoyed” [14].
In 2007 Pedersen et al. [19] conducted a grounded the-

ory study to gain a deeper understanding of how people
living near wind turbines perceive and are affected by
them. Findings indicated that the relationship between
exposure and response is complex and possibly

influenced by variables not yet identified, some of which
are nonphysical. The notion that wind turbines are
“intruders” is a finding not reported elsewhere. A conclu-
sion of this paper is that when the impacts of wind tur-
bines are assessed, values about the living environment
are important to consider as values are firmly rooted
within a personality and difficult to change.
In 2008, Pedersen and Larsman [20] conducted a study

to assess visibility of wind turbines, visual attitude and
vertical visual angle (VVA) in different landscapes. This
study follows up on the findings of previous work showing
a relationship between noise annoyance in people living
near wind turbines and the impact of visual factors as well
as an individual’s attitude toward noise [13-15,25]. Overall,
Pedersen and Larsman concluded that respondents in a
landscape where wind turbines could be perceived as con-
trasting with their surroundings (i.e., flat areas) had a
greater probability of noise annoyance than those in hilly
areas (where turbines were not as obvious), regardless of
sound pressure level, if they thought wind turbines were
ugly, unnatural devices that would have a negative impact
on the scenery. The enhanced negative response could be
linked to aesthetical response, rather than to multi-modal
effects of simultaneous auditory and visual stimulation.
Moreover, VVA was associated with noise annoyance,
especially for respondent who could see at least one wind
turbine from their dwelling, if they were living in flat ter-
rain and rural areas. Pedersen and Larsman suggest that
these results underscore the importance of visual attitude
towards the noise source when exploring response to
environmental noise. In 2010 Pedersen et al. [21] hypothe-
sized that if high levels of background sound can reduce
annoyance by masking the noise from a wind farm, then
turbines could cause less noise annoyance when placed
next to motorways instead of quiet agricultural areas. In
general, the hypothesis was not supported by the available
data [15], further providing support for the notion of
visual cue being a strong driver of annoyance.

4. Turbines are designed not to pose a risk of photo-
induced epilepsy
Harding et al. [22] and Smedley et al. [23] investigated the
relationship between photo-induced seizures (i.e., photo-
sensitive epilepsy) and wind turbine blade flicker (also
known as shadow flicker). This is an infrequent event,
typically modelled to occur less than 30 hours a year from
wind turbine projects we have reviewed and would be
most common at dusk and dawn, when the sun is at the
horizon. Both studies suggested that flicker from turbines
that interrupt or reflect sunlight at frequencies greater
than 3 Hz pose a potential risk of inducing photosensitive
seizures in 1.7 people per 100,000 of the photosensitive
population. For turbines with three blades, this translates

Knopper and Ollson Environmental Health 2011, 10:78
http://www.ehjournal.net/content/10/1/78

Page 5 of 10

Exhibit_DK-2 
Page 188 of 626

 
005130

ADMINISTRATIVE RECORD - Scan 2 - Page 220 of 449

- Page 304 -



to a maximum speed of rotation of 60 rpm. The normal
practice for large wind farms is for frequencies well below
this threshold.
Although shadow flicker from wind turbines is unlikely

lead to a risk of photo-induced epilepsy there has been
little if any study conducted on how it could heighten the
annoyance factor of those living in proximity to turbines.
It may however be included in the notion of visual cues.
In Ontario it has been common practice to attempt to
ensure no more than 30 hours of shadow flicker per
annum at any one residence.

5. The human ear responds to infrasound
Infrasound is produced by physiological processes like
respiration, heartbeat and coughing, as well as man-made
sources like air conditioning systems, vehicles, some
industrial processes and wind turbines. Salt and Hullar
[24] provide data to suggest that the assumption that
infrasound presented at an amplitude below what is audi-
ble has no influence on the ear is erroneous and sum-
marize the results of previous studies that show a
physiological response of the human ear to low frequency
noise (LFN) and infrasound. At very low frequencies the
outer hair cells (OHC) of the cochlea may be stimulated
by sounds in the inaudible range. Salt and Hullar
hypothesize that “if infrasound is affecting cells and
structures at levels that cannot be heard this leads to the
possibility that wind turbine noise could be influencing
function or causing unfamiliar sensations”. These authors
do not test this hypothesis in their paper but suggest the
need for further research.
To assess the possibility that the operation of wind tur-

bines may create unacceptable levels of low frequency
noise and infrasound, O’Neal et al. [26] conducted a study
(commissioned by a wind energy developer, NextEra
Energy Resources, LLC) to measure wind turbine noise
outside and within nearby residences of turbines. At the
Horse Hollow Wind Farm in Taylor and Nolan Counties,
Texas, broadband (A-weighted) and one-third octave band
data (3.15 hertz to 20,000 hertz bands) were simulta-
neously collected from General Electric (GE) 1.5sle
(1.5 MW) and Siemens SWT-2.3-93 (2.3 MW) wind tur-
bines. Data were collected outdoors and indoors over the
course of one week under a variety of operational condi-
tions (it should be noted that wind speeds were low during
the measurements; between 3.2 and 4.1 m/s) at two dis-
tances from the nearest wind turbines: 305 meters and
457 meters. O’Neal et al. found that the measured low fre-
quency sound and infrasound at both distances (from
both turbine types at maximum noise conditions) were
less than the standards and criteria published by the cited
agencies (e.g., UK DEFRA (Department for Environment,
Food, and Rural Affairs); ANSI (American National
Standards Institute); Japan Ministry of Environment). The

authors concluded that results of their study suggest that
there should be no adverse public health effects from
infrasound or low frequency noise at distances greater
than 305 meters from the two wind turbine types
measured.

Popular Literature
Scientific studies peer reviewed and published in scienti-
fic journals are one way of disseminating information
about wind turbines and health effects. The general pub-
lic does not always have access to scientific journals and
often get their information, and form opinions, from
sources that are less accountable (e.g., the popular litera-
ture and internet). Some of the same key words used to
obtain references from the primary literature were
entered into the common internet search engine Google:
“health effects wind farms” returned 300,000 hits; “health
effects wind turbines” returned 120,000 hits; “annoyance
wind turbines” returned 185,000 hits and “sleep distur-
bance wind turbines” returned 19,500 hits. What is
apparent is that numerous websites have been con-
structed by individuals or groups to support or oppose
the development of wind turbine projects, or media sites
reporting on the debate. Often these websites state the
perceived impacts on, or benefits to, human health to
support the position of the individual or group hosting
the website. The majority of information posted on these
websites cannot be traced back to a scientific, peer-
reviewed source and is typically anecdotal in nature. In
some cases, the information contained on and propa-
gated by internet websites and the media is not sup-
ported, or is even refuted, by scientific research. This
serves to spread misconceptions about the potential
impacts of wind energy on human health, which either
fuels or diminishes opposition to wind turbine project
development.
Works by Dr. Michael Nissenbaum conducted at Mars

Hill and Vinalhaven Maine [27] and Dr. Nina Pierpont in
New York [28] seem to be the primary popular literature
studies referenced on websites. These works suggest a
causal link between human health effects and wind tur-
bines. Works by Dr. Robert McMurtry and Carmen
Krogh, and Lorrie Gillis, Carmen Krogh and Dr. Nicholas
Kouwen [29] have also been used to suggest a relation-
ship between health and turbines. These works have been
presented as reports or as slide presentations on websites
and authors of these studies have presented their findings
in various forua such as invited lectures, affidavits, public
meetings and open houses. Briefly, Nissenbaum evaluated
22 exposed adults (defined as living within 3500 ft of an
arrangement of 28 1.5 MW wind turbines) and 27 unex-
posed adults (living about 3 miles away from the nearest
turbine). Participants were interviewed and asked a num-
ber of questions about their perceived health, levels of
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stress and reliance on prescription medications in rela-
tion to the turbines [27].
In 2009, a book entitled Wind Turbine Syndrome: A

Report on a Natural Experiment by Dr. Nina Pierpont,
was self-published and describes “Wind Turbine Syn-
drome”, the clinical name Dr. Pierpont coined for the col-
lection of symptoms reported to her by people residing
near wind turbines [28]. The book describes a case series
study she conducted involving interviews of 10 families
experiencing adverse health effects and who reside near
wind turbines. Similar to the process followed by Nissen-
baum, people living in proximity wind turbines were inter-
viewed about their health. For all of these works, self-
reported symptoms generally included sleep disturbance,
headache, tinnitus (ringing in the ears), ear pressure, dizzi-
ness, vertigo, nausea, visual blurring, tachycardia (rapid
heart rate), irritability, problems with concentration and
memory and panic episodes. These symptoms have been
purported to be associated with proximity to wind tur-
bines, and specifically, to the infrasound emitted by the
turbines. It should be noted that of the 351 people
assessed by Pedersen and Persson Waye [13], 26% (91)
reported chronic health issues (e.g., diabetes, tinnitus, car-
diovascular diseases), but these issues were not statistically
associated with noise levels. Results of Pedersen [25]
showed similar results: self reported health effects like feel-
ing tense, stressed, and irritable, were associated with
noise annoyance and not to noise itself. Sleep interruption,
however, was associated with sound level and annoyance.
In 2007, Alves-Pereira and Castelo Branco http://www.

wind-watch.org/documents/industrial-wind-turbines-
infrasound-and-vibro-acoustic-disease-vad/ issued a
press-release suggesting that their research demonstrated
that living in proximity to wind turbines has led to the
development of vibro-acoustic disease (VAD) in nearby
home-dwellers. It appears that this research has only
been presented at a conference, has not been published
in a peer-reviewed journal nor has it undergone thorough
scientific review. Moreover, Alves-Pereira and Castelo
Branco appear to be the primary researchers that have
promulgated VAD as a hypothesis for adverse health
effects and wind turbines. Indeed, Dr. Pierpont has noted
that VAD is not the same “wind turbine syndrome” [28].
To date, these studies have not been subjected to rigor-

ous scientific peer review, and given the venue for their
distribution and limited availability of data, it is extremely
difficult to assess whether or not the information provided
is reliable or valid. What is apparent, however, is that
these studies are not necessarily scientifically defensible:
they do not contain noise measurements, only measured
distances from study participants to the closest turbines;
they do not have adequate statistical representation of
potential health effects; only limited rationale is provided
for the selection of study participants (in some cases

people living in proximity to turbines have been excluded
from the study); they suffer from a small number of parti-
cipants and appear to lack of objectivity as authors are
also known advocates who oppose wind turbine develop-
ments. Unlike the questionnaires used by Pedersen et al.
[13-15,25], the purpose of the studies are not hidden from
participants. In fact, the selection process is highly biased
towards finding a population who believes they have been
affected by turbines. This is not an attempt to discount
the self-reported health issues of residents living near
wind turbines. Rather, it points out that the self-reported
health issues have not been definitively linked to wind
turbines.
What the peer reviewed literature and popular literature

have in common is the conclusion that wind turbines can
be a source of annoyance for some people. Of note are the
different reasons and possible causes for annoyance. In the
peer reviewed studies, annoyance tends to peak in the >
35 dB(A) range but tends to be more strongly related to
subjective factors like visual impact, attitude to wind tur-
bines in general (benign vs. intruders) and sensitivity to
noise rather than noise itself from turbines. In the popular
literature, health outcomes tend to be more strongly
related to distance from turbines and the claim that infra-
sound is the causative factor. Though sound pressure level
in most of the peer reviewed studies was scaled to dB(A)
(but refer to O’Neal et al. [26] for actual measurements of
low frequency noise and infrasound), infrasound is a com-
ponent of the sound measurements and was inherently
accounted for in the studies.

Annoyance
Studies on the health effects of wind turbines, both pub-
lished and peer-reviewed and presented in the popular lit-
erature, tend to conclude that wind turbines can cause
annoyance for some people. A number of governmental
health agencies agree that while noise from wind turbines
is not loud enough to cause hearing impairment and are
not causally related to adverse effects, wind turbines can
be a source of annoyance for some people [1,30-34].
It has been hypothesized that the self reported health

effects (e.g., sleep disturbance, headache, tinnitus (ringing
in the ears), ear pressure, dizziness, vertigo, nausea, visual
blurring, tachycardia (rapid heart rate), irritability, pro-
blems with concentration and memory, and panic epi-
sodes) are related to infrasound emitted from wind
turbines [28]. Studies where biological effects were
observed due to infrasound exposure were conducted at
sound pressure levels (e.g., 145 dB and 165 dB [5,16]; 130
dB [7]) much greater than what is produced by wind tur-
bines (e.g., see O’Neal et al. [26]). Infrasound is not
unique to wind turbines but is ubiquitous in the environ-
ment due to natural and man-made sources, meaning
that people living near wind turbines were exposed to
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infrasound prior to turbine operation. For example, Ber-
glund and Hassmen [35] reported that infrasound (a
component of low frequency sound) is emitted from road
vehicles, aircraft, industrial machinery, artillery and
mining explosions, air movement machinery including
wind turbines, compressors, and air-conditioning units,
and Leventhall [5] reported that infrasound comes from
natural sources like meteors, volcanic eruptions and
ocean waves. Indeed, many mammals communicate
using infrasound [36]. Given the low sound pressure
levels of infrasound emitted from wind turbines and the
ubiquitous nature of these sounds, the hypothesis that
infrasound is a causative agent in health effects does not
appear to be supported.
Peer reviewed and scientifically defensible studies sug-

gest that annoyance and health effects are more strongly
related to subjective factors like visual impact and attitude
to wind turbines rather than to noise itself (both audible
and inaudible [i.e., infrasound]). Indeed, many of the self
reported health effects are associated with numerous
issues, many of which can be attributed to anxiety and
annoyance (e.g., Pedersen 2011 [25]). Shargorodsky et al.
[37] published that roughly 50 million adults in the United
States reported having tinnitus, which is statistically corre-
lated (based on 14,178 participants) to age, racial/ethnic
group, hypertension, history of smoking, loud leisure-time,
firearm, and occupational noise, hearing impairment and
generalized anxiety disorder (based on 2265 participants)
identified using a World Health Organization Composite
Diagnostic Interview). In fact, the odds of tinnitus being
related to anxiety disorder were greatest for any of the
variables tested. Folmer and Griest [38], based on a study
of 174 patients undergoing treatment for tinnitus at the
Oregon Health Sciences University Tinnitus Clinic
between 1994 and 1997, reported that insomnia is asso-
ciated with greater severity of tinnitus. Insomnia is also
associated with anxiety and annoyance. Bowling et al. [39]
described statistically that people’s perceptions of neigh-
bourhood environment can influence health. Perceptions
of problems in the area (e.g., noise, crime, air quality, rub-
bish/litter, traffic, graffiti) were predictive of poorer health
score. In their 2003 publication Henningsen and Priebe
[40] discussed the characteristics of “New Environmental
Illness”, illnesses where patients strongly believe their
symptoms are caused by environmental factors, even
though symptoms are not consistent with empirical evi-
dence and medically unexplained. A key component to
such illnesses is the patient’s attitude toward the source of
the environmental factor. What is more, health effects
from annoyance have been shown to be mitigated though
behavioural and cognitive behavioural interventions
[30,41], lending support to Pedersen’s [25] conclusion that
health effects can be explained by cognitive stress theory.
In other words, it appears that it is the change in the

environment that is associated with health effects, not a
turbine-specific variable like infrasound.

Conclusions
Wind power has been harnessed as a source of power
around the world. Debate is ongoing with respect to the
relationship between reported health effects and wind
turbines, specifically in terms of audible and inaudible
noise. As a result, minimum setback distances have
been established world-wide to reduce or avoid potential
effects for people living in proximity to wind turbines.
People interested in this debate turn to two sources of
information to make informed decisions: scientific peer-
reviewed studies published in scientific journals and the
popular literature and internet.
We found that conclusions of the peer reviewed litera-

ture differ in some ways from the conclusions of the stu-
dies published in the popular literature. What both types
of studies have in common is the conclusion that wind
turbines can be a source of annoyance for some people. In
the peer reviewed studies, wind turbine annoyance and
some reported health effects (e.g., sleep disturbance) have
been statistically associated with wind turbine noise espe-
cially when found at sound pressure levels greater than
40 db(A), but found to be more strongly related to subjec-
tive factors like visual impact, attitude to wind turbines in
general and sensitivity to noise. To date, no peer reviewed
scientific journal articles demonstrate a causal link
between people living in proximity to modern wind
turbines, the noise (audible, low frequency noise, or infra-
sound) they emit and resulting physiological health effects.
In the popular literature, self-reported health outcomes
and annoyance are related to distance from turbines and
the claim is made that infrasound is the causative factor
for the reported effects, even though sound pressure levels
are not measured. Infrasound is not unique to wind tur-
bines and the self reported health effects of people living
in proximity to wind turbines are not unique to wind tur-
bines. Given that annoyance appears to be more strongly
related to visual cues and attitude than to noise itself, self
reported health effects of people living near wind turbines
are more likely attributed to physical manifestation from
an annoyed state than from infrasound. This hypothesis is
supported by the peer-reviewed literature pertaining to
environmental stressors and health.
The authors have spent countless hours at community

public consultation events hosted by proponents announ-
cing new projects and during updates to their environ-
mental assessment process. Historically, citizens’
concerns about wind turbine projects appeared to involve
potential impact on property values and issues surround-
ing avian and bat mortality. Increasingly in North Amer-
ica the issue surrounding fears of potential harm to
residents’ health have come to the forefront of these
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meetings. It is clear that the announcement of a new pro-
ject can led to a heightened sense of anxiety and annoy-
ance in some members of the public, even prior to
construction and operation of a wind turbine project.
The authors have been involved in all manner of risk
communication, consultation and risk assessment pro-
jects in the energy sector in Canada and it has been our
experience that this heightened sense of annoyance, agi-
tation or fear is not unique to the wind turbine sector.
Whether the proposed project is a wind turbine, gas-fired
station, coal plant, nuclear power plant, or energy-from-
waste incinerator we have seen a level of concern in a
sub-set of the population that goes well beyond anything
that would be considered the traditional sense of not-in-
my-back-yard (NIMBY). These people genuinely are fear-
ful about the potential health effects that the project may
cause, regardless of the outcomes of quantitative assess-
ments that demonstrate that there is a de minimus of
potential risk in living next to a particular facility. The lit-
erature and our own experience highlight the need for
informative discussions between wind power developers
and community members in order to attempt to reduce
the level of apprehension. We encourage continued dia-
logue between concerned citizens and developers once
projects become operational.
Canadian public health agencies subscribe to the World

Health Organization definition of health. “Health is a state
of complete physical, mental and social well-being and not
merely the absence of infirmity or disease”, a quote often
used by both sides of the wind turbine debate. We believe
that the primary role of the environmental health/risk
assessment practitioner is to ensure that physiological
manifestation of infirmity or disease is not predicted to
occur from exposure to an environmental contaminant. In
terms of wind power, ethics dictate an honest reporting of
the issues surrounding annoyance and the fact that it
appears that a limited number of people have self-reported
health effects that may be attributed to the indirect effects
of visual and attitudinal cue. We believe that any physiolo-
gical based effect can be mitigated through the use of
appropriate setback distances. However, it is not clear that
for this hypersensitive annoyed population that any set
back distance could mitigate the indirect effects. There-
fore, it is up to our elected officials and ministerial staff
when establishing an energy source hierarchy to weigh all
of the information before them to determine the trade-offs
between “mental and social well-being” of these indivi-
duals against the larger demand for energy and its source.
A number of governmental health agencies agree that

while noise from wind turbines is not loud enough to
cause hearing impairment and are not causally related
to adverse effects, wind turbines can be a source of
annoyance for some people. Ultimately it is up to gov-
ernments to decide the level of acceptable annoyance in

a population that justifies the use of wind power as an
alternative energy source.
Assessing the effects of wind turbines on human health

is an emerging field, as demonstrated by the limited
number of peer-reviewed articles published since 2003.
Conducting further research into the effects of wind tur-
bines (and environmental change) on human health,
emotional and physical, as well as the effect of public
consultation with community groups in reducing pre-
construction anxiety, is warranted. Such an undertaking
should be initiated prior to public announcement of a
project, and could involve baseline community health
and attitude surveys, baseline noise and infrasound moni-
toring, observation and questionnaires administered to
public during the siting and assessment process, noise
modeling and then post-construction follow-up on all of
the aforementioned aspects. Regardless it would be
imperative to ensure robust study design and a clear
statement of purpose prior to study initiation.
We believe that research of this nature should be under-

taken by multi-disciplinary teams involving, for example,
acoustical engineers, health scientists, epidemiologists,
social scientists and public health physicians. Ideally devel-
opers, government agencies, consulting professionals and
non-government organizations would form collaborations
in attempt to address these issues.
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Summary
When a wind farm is being developed, citizens are often concerned about the effects of shadow 
flicker which is caused as a result of the rotating turbine blades periodically blocking the sun 
light. Shadow flicker impacts are often limited by regulations which require the wind turbine is
shut down at critical periods when the effects of shadow flicker occur for too long. This may 
lead to energy production losses depending on the specific situation.

This study presents the results of a comparative study into shadow flicker regulations in a 
number of countries. The results show not all countries have guidelines or regulations for 
assessing and limiting shadow flicker impacts. Of those countries that do have regulations or 
guidelines for shadow flicker impact assessment, most countries have based their regulations 
on the German Guideline “Hinweise zur Ermittlung und Beurteilung der optischen Immissionen 
von Windenergieanlagen (WEA-Schattenwurf-Hinweise)” (Guideline for Identification and 
Evaluation of the Optical Emissions of Wind Turbines). This guideline states a limit value of 
30 hours per year and 30 minutes per day for the astronomical maximum possible shadow 
(worst case). When a shadow flicker control module is used, the German guideline states the 
real shadow impact must be limited to 8 hours per year. However, there are differences in the 
exact implementation, like the consideration of only the worst case, only the real case or both 
the worst and the real case shadow impact. Other common differences are the exact definition 
of shadow flicker sensitive receptors and the zone of influence which has to be considered. 
This can lead to considerable differences in energy production losses by a shadow flicker 
control module. Denmark and the Netherlands have their own specific limit values. The Dutch 
legislation is most deviating since the limit value comprises a combination of days per year and
minutes per day.

1. Introduction
In sunny conditions wind turbines cast a shadow on the neighbouring area. Shadow flicker is 
the flickering effect caused by the rapid periodic occurrence of shadow by the rotating turbine 
blades. The impacts of shadow flicker impact vary with time and place depending on several 
factors such as the position and height of the sun relative to the wind turbines and the 
receptors, the wind turbine hub height and its rotor diameter, cloud cover and wind direction.

Shadow flicker may cause annoyance depending on how long and how often the effect occurs, 
the flicker frequency and the contrast. The annoyance mostly occurs inside buildings, where 
the shadow flicker is perceived through a window opening. Shadow impacts are often limited by 
regulations stating the wind turbine is shut down at critical periods when the effects of shadow 
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flicker occur for too long. This may lead to energy production losses depending on the specific 
situation.

This paper is an attempt to identify and compare existing government legislation and guidelines 
regarding the impacts of shadow flicker. The information is gathered from government 
websites, government documents, policies, guidelines, and wind farm shadow flicker 
assessment reports. Since not all information was available in English some details might be 
lost in the translation. Overall, this paper is believed to be accurate.

2. Shadow Flicker Assessment
When assessing shadow flicker impacts, the worst case and/or real case impacts are 
determined. 

Worst case impact
The worst case shadow flicker impact - the astronomical maximum possible shadow flicker 
duration - is defined as the shadow flicker duration which occurs when the sun is always 
shining during daylight hours (i.e. the sky is always clear), the wind turbine is always rotating 
and the rotor is always perpendicular to the receptor areas. 

Real case impact
The real case shadow flicker impact – the really expected shadow flicker duration – is the 
shadow flicker duration when taking into account average sunshine hour probabilities and wind 
statistics of the particular region. 

3. Legislation and Guidelines Governing Wind Turbine Shadow Flicker

3.1 Overview

To give the reader a sense of disparity of wind turbine shadow flicker regulations, an overview 
is presented in Table 1 summarising the shadow flicker regulations and acceptable threshold 
limits as published by different countries and their respective jurisdictions.

Most countries that have regulations or guidelines for the impacts of shadow flicker and their
assessment have based their regulations on the German Guideline “Hinweise zur Ermittlung 
und Beurteilung der optischen Immissionen von Windenergieanlagen (WEA-Schattenwurf-
Hinweise)” (Guideline for Identification and Evaluation of the Optical Emissions of Wind 
Turbines) [1]. This guideline is described in paragraph 3.2.

The subsequent paragraphs describe the shadow flicker regulations in a selected number of 
countries in more detail: Australia, Belgium, Denmark, the Netherlands and the United 
Kingdom. The regulations in the other considered countries are less distinguishing and only 
listed in the table below. 
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Table 1: Overview of Shadow Flicker Limit Values and Receptor Locations

Country Shadow Flicker Limit 
Values

Receptor Locations Legislation /
Guideline

Australia –
National 
Level [2]

- Worst case:
30 hours/year

- No daily limit
- Real case: 

10 hours/year (only 
required if worst case 
exceeds 30 
hours/year)

Each dwelling 50m 
from its centre within 
distance of 265 x
maximum blade chord

Guideline, no 
legislation at national
level

Australia –
Queensland
[3]

- Worst case:
30 hours/year and 
30 min./day

- Real case: 
10 hours/year (only 
required if worst case 
exceeds 
30 hours/year)

Each dwelling 50m 
from its centre within 
distance of 265 x
maximum blade chord

Guideline

Australia –
Tasmania
[4]

Refers to national 
guideline 

Refers to national 
guideline

Guideline

Australia -
New South 
Wales [5]

30 Hours/year Dwellings within 2km 
distance 

Guideline

Australia -
Western 
Australia [6]

Set back distance of 1km Noise-sensitive 
buildings not 
associated with the 
wind farm 

Guideline

Australia –
Victoria [7]

30 Hours/year Dwellings, including 
garden fenced areas of 
dwellings

Guideline

Australia -
South 
Australia [8]

Refers to national 
guideline 

Refers to national 
guideline

Guideline

Austria [9] Worst case: 
30 hours/year and 
30 min./day

Sensitive buildings, 
zone of influence 
approximately 2000m-
2500m

No legislation

Belgium –
Flanders 
Region [10]
[11]

Real case:
- 8 hours/year and 
  30 min./day
- On industrial sites, with 
  the exception of 

Dwellings, hospitals, 
nursing homes, school 
buildings, office 
buildings etcetera

Legislation
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Country Shadow Flicker Limit 
Values

Receptor Locations Legislation /
Guideline

  dwellings, 
  30 hours/year and 
  30 min./day

Belgium –
Walloon 
Region [12]

Worst case:
30 hours/year and 
30 min./day

Dwellings, hospitals, 
nursing homes, school 
buildings etcetera

Legislation

Brazil [13] Worst case
(recommended): 
30 hours/year and 
30 min./day

Sensitive buildings No legislation, EHS 
guideline for wind 
energy World Bank 
Group

Canada [14] Worst case:
30 hours/year and 
30 min./day

Sensitive buildings No legislation or 
guideline, but 
common practice

Denmark 
[15]

Real case: 
10 hours/year

Dwellings Guideline

Germany 
[1]

- Worst case:
30 hours/year and 
30 min./day

- Real case: 
8 hours/year (only 
required if shadow 
flicker control system is 
used)

Living rooms, lounges, 
bedrooms, classrooms 
in school buildings, 
offices, laboratories 
and workplaces within 
a distance in which 
rotor blade covers at 
least 20% of the sun 
disk 

Guideline adopted by 
many Federal States

India [16] Worst case:
30 hours/year and 
30 min./day

Dwellings No legislation or 
guideline, but 
common practice

Ireland [17]
[18]

Maximum 30 hours/year 
recommended

Dwellings within 
10 rotor diameters
distance 

Guideline

Japan [19] 30 Hours/year Dwellings No legislation, only 
for EIA purposes

Netherlands 
[20]

Maximum 17 days per 
year more than 20 
minutes’ real case shadow 
flicker

Dwellings, school 
buildings, hospitals, 
nursing homes, day-
care centres etcetera 
within a distance of 
12 times the rotor 
diameter

Legislation

Poland [21] 30 Hours/year Dwellings No legislation, but 
common practice 
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Country Shadow Flicker Limit 
Values

Receptor Locations Legislation /
Guideline

Serbia [22] 30 Hours/year and 
30 min./day

Dwellings and offices 
within 500m distance 

Guideline

Sweden 
[23]

- Worst case:
30 hours/year and 
30 min./day

- Real case: 
8 hours/year

Sensitive buildings Guideline

UK –
England, 
Wales [24]
[25] [26]

No set limit value, but 
common practice is 
maximum 30 hours/year, 
and 30 minutes/day

Dwellings within zone 
of 10 rotor diameters 
from each turbine and 
between 130 degrees 
either side of north
(relative to each 
turbine) 

Guideline and 
common practice

UK –
Scotland
[27]

No set limit value, but as a 
general rule at distance 
10 rotor diameters shadow 
flicker is not expected to 
be a problem

Dwellings Guideline

USA –
National 
Level [28]

30 Hours/year and 
30 min./day

Occupied buildings Guideline

USA -
Connecticut 
[29]

30 Hours/year Occupied buildings Legislation

USA –
Wisconsin 
[30]

- 30 Hours/year
- Reasonable shadow 

flicker mitigation when 
experiencing 20 hours 
or more per year of 
shadow flicker

Dwellings and 
community buildings

Legislation
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3.2 Germany

Germany has a detailed guideline for calculating and assessing the impacts of shadow flicker. 
This guideline “Hinweise zur Ermittlung und Beurteilung der optischen Immissionen von 
Windenergieanlagen (WEA-Schattenwurf-Hinweise) ” (Guideline for Identification and 
Evaluation of the Optical Emissions of Wind Turbines) [1], was issued by the´Länderausschuss 
für Immissionsschutz‘ (States Committee for Pollution Control) in 2002. It has since been 
adopted by many federal states and is considered common practice for wind turbines and wind 
farms in Germany.

The German guideline states shadow flicker must be considered up to the distance where at 
least 20% of the sun disk is covered by the rotor blade. At larger distances the shadow flicker 
will be too diffused to cause annoyance. Further, the shadow flicker is assessed only for sun 
angles over the horizon of at least 3 degrees. For lower angles the shadow flicker is neglected 
due to the less bright sun light and screening by vegetation and buildings.

The German guideline considers the following as sensitive rooms:
 living rooms including lounges;
 bedrooms, including overnight rooms in lodges and bedrooms in hospitals and 

sanatoriums;
 classrooms in school buildings, colleges and similar institutions;
 offices, laboratories, workplaces, training rooms and similar workplaces.

Outdoor areas such as terraces and balconies, adjacent to buildings are considered sensitive 
areas between 6 a.m. and 10 p.m. 

Geographical areas which have been designated for future developments with sensitive rooms 
shall be assessed at the most critical spots at a height of 2 meter above ground level.

For indoor rooms the assessment height is the window center. For outdoor areas the 
assessment height is 2 meter above ground level. 

The limit values for the worst case - the astronomical maximum possible - shadow flicker 
impact are:

 30 minutes per day, and;
 30 hours per year. 

If a shadow flicker control system is used which automatically stalls the wind turbine at the 
times shadow flicker is expected to occur, the real case shadow flicker impact must be limited 
to 8 hours per year. 

3.3 Australia

National Government
Australia has no national legislation for the impacts of shadow flicker from wind turbines, but in 
2010 the Environment Protection and Heritage Council (EPHC) issued a (draft) guideline [2]. 
This guideline recommends an exposure limit of 30 hours/year modelled (i.e. worst case). 
There is no limit for daily exposure duration. In most circumstances where a dwelling 
experiences a modelled level of shadow flicker less than 30 hours per year, no further (real 
case) investigation is required. In cases where the modelled impacts of shadow flicker are more 
than 30 hours/year, then the measured shadow flicker (i.e. real case) must be determined. The 
limit value for the measured shadow flicker is 10 hours/year. 
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The maximum zone of influence is defined as 265 x maximum blade chord. This means no 
assessment is required for dwellings beyond this distance. The shadow flicker is assessed only 
for sun angles over the horizon of at least 3 degrees. The assessment method requires 
reporting of the maximum value of shadow flicker duration within 50 m of the centre of a 
dwelling. Depending on jurisdictions, shadow flicker assessment may not be required for 
participating landowners.

Queensland
The Australian State of Queensland issued planning guidelines in 2016 [3]. This guideline 
recommends the same limit values and maximum zone of influence as the national guideline.

Tasmania
The Australian State of Tasmania has no legislation or guideline for shadow flicker, but refers to 
the national guideline [4].

New South Wales
The Australian State of New South Wales also has no legislation for shadow flicker, but did 
issue a guideline. The impact of shadow flicker should be assessed for dwellings within a 2km 
distance from a turbine. The shadow flicker duration should not exceed 30 hours per year [5].

Western Australia
The State of Western Australia has no legislation or a guideline for shadow flicker, but 
recommends a distance of 1km between the turbine and receptors [6].

Victoria
The Australian State Victoria has no legislation for shadow flicker, but did issue guidelines [7]. 
Victoria recommends a setback distance of 1km from the turbine, unless evidence is provided 
that the owner of the dwelling has consented in writing to the location of the turbine. The 
shadow flicker experienced surrounding the area of a dwelling (garden fenced area) must not 
exceed 30 hours per year. 

South Australia
The State of South Australia has no legislation for shadow flicker, but a guideline that refers to 
the national guideline [8].

3.4 Belgium

Flanders
The Flanders region of Belgium has legislation for regulating shadow flicker impact [11]. The 
current legislation was implemented in 2012 [10], but was revised in 2016 regarding receptors
on industrial sites. 

The legislation states a wind turbine should be equipped with an automatic shadow flicker 
control system if a shadow flicker sensitive receptor is present within a zone experiencing
4 hours per year of expected shadow flicker. The operator is required to keep a log book per 
wind turbine with the relevant data to determine shadow flicker and for each turbine and 
relevant sensitive receptors a shadow flicker calendar with the astronomical maximum possible 
shadow flicker duration. For at least the first two years of operation the operator will draft a 
report showing the effective shadow flicker for each relevant object per year and detailing the
mitigating measures that have been taken.

For dwellings and all other relevant shadow flicker sensitive receptors the limit value is a 
maximum of 8 hours’ effective shadow flicker per year and 30 minutes per day. The only 
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exceptions are shadow flicker sensitive receptors other than dwellings on industrial sites. For 
these receptors the limit value is a maximum of 30 hours’ effective shadow flicker per year and 
30 minutes per day. 

In order to understand the legislation, expected shadow flicker is the real case shadow flicker 
impact and effective shadow flicker is the number of hours of shadow flicker at the sensitive 
object as determined from measurements or the log book of the turbines. 

The explanatory memorandum defines a shadow flicker sensitive receptor as an inner space 
where shadow flicker can cause nuisance. This includes but is not limited to receptors such as
dwellings, hospitals, nursing homes, school buildings and office buildings. Further, it states that 
the expected shadow flicker will be calculated for sun angles over the horizon of more than 
3 degrees assuming a standard window size of 5-meter-wide and 2-meter-high at 1 meter 
above ground level. 

The wind turbines have to be automatically halted when they cause an excess of shadow flicker 
at sensitive receptors, unless it is shown that due to physical reasons no nuisance can occur 
(e.g. sun blinds installed, screening by receptors or vegetation etc.). Also, the turbines do not 
need to be stopped if during the shadow flicker period no persons will be present or if individual 
agreements with private persons can be reached.

Wallonia
The Walloon Region of Belgium has legislation for regulating shadow flicker impact, 
implemented in 2014 [12]. The astronomical maximum possible shadow flicker is limited to 
30 hours per year and 30 minutes per day for dwellings and other sensitive receptors.

3.5 Denmark

Denmark has no legislation on the impacts of shadow flicker, but does have guidance to limit 
the impact [15]. The Ministry of Environment recommends that the real case shadow flicker 
impact on dwellings should not exceed 10 hours per year. If this is threatened to be exceeded
an automatic shadow flicker control system has to be installed to limit the impact.

3.6 Netherlands

The Netherlands has legislation for regulating the impacts of shadow flicker [20]. The current 
legislation was implemented in 2007. The legislation states the wind turbine shall be equipped 
with automatic shadow flicker control system which stalls the turbine if shadow flicker occurs at 
sensitive receptors and the distance between the turbine and the sensitive receptor is less than 
12 times the rotor diameter and if on average shadow flicker occurs more than 17 days per 
year for more than 20 minutes per day. Shadow flicker is only considered relevant if a sensitive 
receptor has windows at the side where shadow flicker occurs. 

The legislation considers sensitive receptors such as dwellings, school buildings, hospitals, 
nursing homes, mental institutions, day-care centres etcetera. Receptors like office buildings 
and hotels are not considered to be sensitive receptors.
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3.7 United Kingdom

England and Wales
In England and Wales planning policy for onshore wind turbines is contained in a number of 
documents, principally the Government’s National Planning Policy Framework (NPPF) [24], the 
National Policy Statement for Renewable Energy Infrastructure [25], and online planning 
practice guidance for renewable and low carbon energy. Local authorities may also contain 
policies on onshore wind development in up-to-date local planning policy for a particular area. 

The NPPF does not specifically provide guidance on shadow flicker; however, guidance is 
included within the Planning Practice Guidance for Renewable and Low Carbon Energy [26]
document originally published in July 2013. This states that “Only properties within 130 degrees 
either side of north, relative to the turbines can be affected at these latitudes in the UK”.

According to the National Policy Statement for Renewable Energy Infrastructure, in England 
and Wales the maximum potential number of hours that shadow flicker could occur at each 
affected occupied building should be calculated, using industry good practice. However, there 
are no standards set for acceptable exposure limits. Best practice guidance on the 
interpretation of the significance of effects as a result of shadow flicker on receptors generally 
references European best practice. As described in paragraph 3.2, Germany references two 
methods for setting limits as follows [1]:

 An astronomic worst case scenario limited to a maximum of 30 hours per year and 
30 minutes on the worst affected day, and;

 A realistic scenario including meteorological parameters limited to a maximum of 8 hours 
per year. 

A significant effect is therefore generally considered to occur where the proposed wind turbine 
will affect the receptor over substantial parts of the day and/or over the year. This is assumed 
to be over 30 hours a year, and 30 minutes per day. 

Within the UK, there are no nationally set separation distances between wind turbines and 
housing. Appropriate distances should be maintained between wind turbines and sensitive 
receptors to protect amenity, and the two main impact issues that determine the acceptable 
separation distances are visual amenity and noise. The arrangement of wind turbines should be 
carefully designed within a site to minimise effects on the landscape and visual amenity while 
meeting technical and operational siting requirements and other constraints. The National 
Policy Statement for Renewable Energy Infrastructure, in England and Wales sets out that 
shadow flicker assessment should be undertaken where wind turbines have been proposed 
within 10 rotor diameters of an existing occupied building”. 

Some local councils have determined setback distances within their Local Plan’s, however as 
set out in the Department for Communities and Local Government document, Renewable and 
Low Carbon Energy, local planning authorities should not rule out otherwise acceptable 
renewable energy developments through inflexible rules on buffer zones or separation 
distances. Other than when dealing with setback distances for safety, distance of itself does not 
necessarily determine whether the impact of a proposal is unacceptable.

Scotland
The Scottish Government’s document ‘Onshore Wind Turbines’ states where shadow flicker 
could be a problem, developers should provide calculations to quantify the effect. In most cases 
when a separation between wind turbines and nearby dwellings is provided (as a general rule 
10 rotor diameters) shadow flicker is not expected to be a problem [27].
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4. Conclusion

The study shows not all countries have guidelines or regulations for assessing and limiting 
shadow flicker impacts. Most countries that do have regulations or guidelines for shadow flicker 
impact assessment have based their regulations on the German Guideline “Hinweise zur 
Ermittlung und Beurteilung der optischen Immissionen von Windenergieanlagen (WEA-
Schattenwurf-Hinweise)” (Guideline for Identification and Evaluation of the Optical Emissions of 
Wind Turbines). In countries lacking regulations for shadow flicker the German guideline is 
often applied as best practice. 

The German guideline states a limit value of 30 hours per year and 30 minutes per day for the 
astronomical maximum possible shadow duration (worst case scenario). In case a shadow 
flicker control module is used the expected shadow impact (real case scenario) must be limited 
to 8 hours per year.

There are a number of differences in the exact implementation of the shadow flicker 
regulations. Some countries and jurisdictions only consider the worst case scenario, 
sometimes both the impact per year and per day and sometimes just the impact per year. 
Relatively few countries consider also the real case impact. Also, there are differences in the 
definition of sensitive receptors and the relevant zone of influence.

All countries and jurisdictions that consider the worst case scenario have set a limit value of 
30 hours per year. Those that also consider the impact per day have all set a limit of 
30 minutes per day. In the relatively few cases where the real case impact is regulated the limit 
value for dwellings is 8 hours per year, with the exception of Australia, Denmark and the 
Netherlands. Australia and Denmark have a recommended limit value of 10 hours per year. 
The Dutch legislation is most deviating since the limit value comprises a combination of days 
per year and minutes per day. In the Netherlands, an automatic shadow flicker control system 
which stalls the turbine is required if on average shadow flicker occurs for more than 17 days 
per year for more than 20 minutes per day within a zone of 12 times the rotor diameter from the 
wind turbine. 

It must be noted that is not always clear that those countries that have a limit value of 30 hours 
per year refer to the worst case scenario. Therefore, we cannot exclude that some countries 
might apply this limit value to the real case impact instead of the worst case impact as intended 
by the German guideline. 

The differences in the exact definition of shadow flicker sensitive receptors and the zone of 
influence which has to be considered have impacts on the results. This can lead to 
considerable differences in production losses by a shadow flicker control module. For example, 
in Germany and the Flanders Region of Belgium office buildings and workplaces are 
considered sensitive receptors, whilst in a number of other countries like for example the 
Netherlands these are not considered sensitive. This means that a turbine close to an office 
building or another workplace can in one country lead to a considerable production loss while in 
another country there would be no loss at all. 
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ORIGINAL ARTICLE

Wind Turbines and Health
A Critical Review of the Scientific Literature

Robert J. McCunney, MD, MPH, Kenneth A. Mundt, PhD, W. David Colby, MD, Robert Dobie, MD,
Kenneth Kaliski, BE, PE, and Mark Blais, PsyD

Objective: This review examines the literature related to health effects of
wind turbines. Methods: We reviewed literature related to sound measure-
ments near turbines, epidemiological and experimental studies, and factors
associated with annoyance. Results: (1) Infrasound sound near wind tur-
bines does not exceed audibility thresholds. (2) Epidemiological studies have
shown associations between living near wind turbines and annoyance. (3)
Infrasound and low-frequency sound do not present unique health risks. (4)
Annoyance seems more strongly related to individual characteristics than
noise from turbines. Discussion: Further areas of inquiry include enhanced
noise characterization, analysis of predicted noise values contrasted with
measured levels postinstallation, longitudinal assessments of health pre- and
postinstallation, experimental studies in which subjects are “blinded” to the
presence or absence of infrasound, and enhanced measurement techniques to
evaluate annoyance.

T he development of renewable energy, including wind, solar, and
biomass, has been accompanied by attention to potential envi-

ronmental health risks. Some people who live in proximity of wind
turbines have raised health-related concerns about noise from their
operations. The issue of wind turbines and human health has also
now been explored and considered in a number of policy, regulatory,
and legal proceedings.

This review is intended to assess the peer-reviewed literature
regarding evaluations of potential health effects among people living
in the vicinity of wind turbines. It will include analysis and com-
mentary of the scientific evidence regarding potential links to health
effects, such as stress, annoyance, and sleep disturbance, among oth-
ers, that have been raised in association with living in proximity
to wind turbines. Efforts will also be directed to specific compo-
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nents of noise associated with wind turbines such as infrasound and
low-frequency sound and their potential health effects.

We will attempt to address the following questions regarding
wind turbines and health:

1. Is there sufficient scientific evidence to conclude that wind tur-
bines adversely affect human health? If so, what are the circum-
stances associated with such effects and how might they be pre-
vented?

2. Is there sufficient scientific evidence to conclude that psycho-
logical stress, annoyance, and sleep disturbance can occur as a
result of living in proximity to wind turbines? Do these effects
lead to adverse health effects? If so, what are the circumstances
associated with such effects and how might they be prevented?

3. Is there evidence to suggest that specific aspects of wind turbine
sound such as infrasound and low-frequency sound have unique
potential health effects not associated with other sources of envi-
ronmental noise?

The coauthors represent professional experience and training
in occupational and environmental medicine, acoustics, epidemiol-
ogy, otolaryngology, psychology, and public health.

Earlier reviews of wind turbines and potential health implica-
tions have been published in the peer-reviewed literature1–6 by state
and provincial governments (Massachusetts, 2012, and Australia,
2014, among others) and trade associations.7

This review is divided into the following five sections:

1. Noise: The type associated with wind turbine operations, how it is
measured, and noise measurements associated with wind turbines.

2. Epidemiological studies of populations living in the vicinity of
wind turbines.

3. Potential otolaryngology implications of exposure to wind turbine
sound.

4. Potential psychological issues associated with responses to wind
turbine operations and a discussion of the health implications of
continuous annoyance.

5. Governmental and nongovernmental reports that have addressed
wind turbine operations.

METHODS
To identify published research related to wind turbines and

health, the following activities were undertaken:

1. We attempted to identify and assess peer-reviewed literature re-
lated to wind turbines and health by conducting a review of
PubMed, the National Library of Medicines’ database that in-
dexes more than 5500 peer-reviewed health and scientific journals
with more than 21 million citations. Search terms were wind tur-
bines, wind turbines and health effects, infrasound, infrasound and
health effects, low-frequency sound, wind turbine syndrome, wind
turbines and annoyance, and wind turbines and sleep disturbances.

2. We conducted a Google search for nongovernmental organiza-
tion and government agency reports related to wind turbines and
environmental noise exposure (see Supplemental Digital Content
Appendix 1, available at: http://links.lww.com/JOM/A179).

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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3. After identifying articles obtained via these searches, they were
categorized into five main areas that are noted below (section D)
and referred to the respective authors of each section for their
review and analysis. Each author then conducted their own addi-
tional review, including a survey of pertinent references cited in
the identified articles. Articles were selected for review and com-
mentary if they addressed exposure and a health effect—whether
epidemiological or experimental—or were primary exposure as-
sessments.

4. Identified studies were categorized into the following areas:

I. Sound, its components, and field measurements conducted in
the vicinity of wind turbines;

II. Epidemiology;
III. Effects of sound components such as infrasound and

low-frequency sound on health;
IV. Psychological factors associated with responses to wind

turbines;
V. Governmental and nongovernmental reports.

5. The authors are aware of reports and commentaries that are not in
the scientific or medical peer-reviewed literature that have raised
concern about potential health implications for people who live
near wind turbines. These reports describe relatively common
symptoms with numerous causes, including headache, tinnitus,
and sleep disturbance. Because of the difficulties in comprehen-
sively identifying non–peer-reviewed reports such as these, and
the inherent uncertainty in the quality of non–peer-reviewed re-
ports, they were not included in our analysis, aside from some
books and government reports that are readily identified. A simi-
lar approach of excluding non–peer-reviewed literature in scien-
tific reviews is used by the World Health Organization (WHO)’s
International Agency for Research on Cancer (IARC) in its delib-
erations regarding identification of human carcinogens.8 Interna-
tional Agency for Research on Cancer, however, critically eval-
uates exposure assessments not published in the peer-reviewed
literature, if conducted with appropriate quality and in accor-
dance with international standards and guidelines. International
Agency for Research on Cancer uses this policy for exposure
assessments because many of these efforts, although containing
valuable data in evaluating health risks associated with an expo-
sure to a hazard, are not routinely published. The USA National
Toxicology Program also limits its critical analysis of potential
carcinogens to the peer-reviewed literature. In our view, because
of the critical effect of scientific studies on public policy, it is im-
perative that peer-reviewed literature be used as the basis. Thus,
in this review, only peer review studies are considered, aside from
exposure-related assessments.

RESULTS
Characteristics of Wind Turbine Sound

In this portion of the review, we evaluate studies in which
sound near wind turbines has been measured, discuss the use of mod-
eled sound levels in dose–response studies, and review literature on
measurements of low-frequency sound and infrasound from operat-
ing wind turbines. We evaluate sound levels measured in areas, where
symptoms have been reported in the context of proximity to wind tur-
bines. We address methodologies used to measure wind turbine noise
and low-frequency sound. We also address characteristics of wind
turbine sound, sound levels measured near existing wind turbines,
and the response of humans to different levels and characteristics
of wind turbine sound. Special attention is given to challenges and
methods of measuring wind turbine noise, as well as low-frequency
sound (20 to 200 Hz) and Infrasound (less than 20 Hz).

Wind turbines sound is made up from both moving com-
ponents and interactions with nonmoving components of the wind
turbine (Fig. 1). For example, mechanical components in the nacelle
can generate noise and vibration, which can be radiated from the
structure, including the tower. The blade has several components
that create aerodynamic noise, such as the blade leading edge, which
contacts the wind first in its rotation, the trailing edge, and the blade
tip. Blade/tower interactions, especially where the blades are down-
wind of the tower, can create infrasound and low-frequency sound.
This tower orientation is no longer used in large wind turbines.9

Sound Level and Frequency
Sound is primarily characterized by its pitch or frequency as

measured in Hertz (Hz) and its level as measured in decibels (dB).
The frequency of a sound is the number of times in a second that
the medium through which the sound energy is traveling (ie, air, in
the case of wind turbine sound) goes through a compression cycle.
Normal human hearing is generally in the range of 20 to 20,000 Hz.
As an example, an 88-key piano ranges from about 27.5 to 4186 Hz
with middle C at 261.6 Hz. As in music, ranges of frequencies can
be described in “octaves,” where the center of each octave band has
a frequency of twice that of the previous octave band (this is also
written as a “1/1 octave band”). Smaller subdivisions can be used
such as 1/3 and 1/12 octaves. The level of sound pressure for each
frequency band is reported in decibel units.

To represent the overall sound level in a single value, the levels
from each frequency band are logarithmically added. Because human
hearing is relatively insensitive to very low- and high-frequency
sounds, frequency-specific adjustments or weightings are added to
the unweighted sound levels before summing to the overall level.
The most common of these is the A-weighting, which simulates the
human response to various frequencies at relatively low levels (40
phon or about 50 dB). Examples of A-weighted sound levels are
shown in Fig. 2.

Other weightings are cited in the literature, such as the
C-weighting, which is relatively flat at the audible spectrum; G-
weighting, which simulates human perception and annoyance of
sound that lie wholly or partly in the range from 1 to 20 Hz; and
Z-weighting, which does not apply any weighting. The weighting of
the sound is indicated after the dB label. For example, an A-weighted
sound level of 45 dB would be written as 45 dBA or 45 dB(A). If no
label is shown, the weighting is either implied or unweighted.

FIGURE 1 . Schematic of a modern day wind turbine.
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FIGURE 2. Sample A-weighted sound pressure levels.

Beyond the overall level, wind turbine noise may be amplitude
modulated or have tonal components. Amplitude modulation is a
regular cycling in the level of pure tone or broadband sound. A
typical three-bladed wind turbine operating at 15 RPM would have
a modulation period or cycle length of about 1.3 seconds. Tones
are frequencies or narrow frequency bands that are much louder
than the adjacent frequencies in sound spectra. Prominent tones
can be identified through several standards, including ANSI S12.9
Part 4 and IEC 61400-11. Relative high-, mid-, and low-frequency
content can also define how the sound is perceived, as well as many
qualitative factors unique to the listener. Consequently, more than
just the overall levels can be quantified, and studies have measured
the existence of amplitude modulation, prominent tones, and spectral
content in addition to the overall levels.

Wind Turbine Sound Power and Pressure Levels
The sound power level is the intrinsic sound energy radiated

by a source. It is not dependent on the particular environment of the
sound source and the location of the receiver relative to the source.
The sound pressure level (SPL), which is measured by a sound-level
meter at a location, is a function of the sound power emitted by
neighboring sources and is highly dependent on the environment
and the location of the receiver relative to the sound source(s).

Wind turbine sound is typically broadband in character with
most of the sound energy at lower frequencies (less than 1000 Hz).
Although wind turbines produce sound at frequencies less than the
25 Hz 1/3 octave band, sound power data are rarely published below
that frequency. Most larger, utility-scale wind turbines have sound
power levels between 104 and 107 dBA. Measured sound levels be-
cause of wind turbines depend on several factors, including weather
conditions, the number of turbines, turbine layout, local topogra-
phy, the particular turbine used, distance between the turbines and
the receiver, and local flora. Meteorological conditions alone can
cause 7 to 14 dB variations in sound levels.10 Examples of the SPLs
because of a single wind turbine with three different sound pow-
ers, and at various distances, are shown in Fig. 3 as calculated with
ISO 9613-2.11 Measurement results of A-weighted, C-weighted, and
G-weighted sound levels have confirmed that wind turbine sound
attenuates logarithmically with respect to distance.12

With respect to noise standards, Hessler and Hessler13 found
an arithmetic average of 45 dBA daytime and 40 dBA nighttime
for governments outside the United States, and a nighttime average
of 47.7 dBA for US state noise regulation and siting standards.
The metrics for those levels can vary. Common metrics are the day-
evening-night level (Lden), day-night level (Ldn), equivalent average
level (Leq), level exceeded 90% of the time (L90), and median (L50).
The application of how these are measured and the time period
over which they are measured varies, meaning that, from a practical

FIGURE 3. Sound levels at varying setbacks and turbine
sound power levels—RSG Modeling, Using ISO 9613-2.

standpoint, sound-level limits are even more varied than the explicit
numerical level. The Leq is one of the more commonly used metric.
It is the logarithmic average of the squared relative pressure over a
period of time. This results in a higher weighting of louder sounds.

Owing to large number of variables that contribute to SPLs
because of wind turbines at receivers, measured levels can vary
dramatically. At a wind farm in Texas, O’Neal et al14 measured
sound levels with the nearest turbine at 305 m (1000 feet) and with
four turbines within 610 m (2000 feet) at 50 to 51 dBA and 63 dBC
(10-minute Leq), with the turbines producing sufficient power to
emit the maximum sound power. During the same test, sound levels
were 27 dBA and 47 dBC (10-minute Leq) inside a home that was
located 290 m (950 feet) from the nearest turbine and within 610 m
(2000 feet) of four turbines15 (see Fig. 4).

Bullmore et al16 measured wind turbine sound at distances
from 100 to 754 m (330 to 2470 feet), where they found sound levels
ranging from 40 to 55 dBA over various wind conditions. At typical
receiver distances (greater than 300 m or 1000 feet), sound was
attenuated to below the threshold of hearing at frequencies above the
1.25 kHz 1/3 octave band. In studies mentioned here, measurements
were made with the microphone between 1 and 1.6 m (3 and 5 feet)
above ground.

Wind Turbine Emission Characteristics

Low-Frequency Sound and Infrasound
Low-frequency sound is typically defined as sound from 20

to 200 Hz, and infrasound is sound less than 20 Hz. Low-frequency
sound and infrasound measurement results at distances close to wind
turbines (< 500 meters) typically show infrasound because of wind
farms, but not above audibility thresholds (such as ISO 226 or as
published by the authors12,15,17–21,149). One study found sound levels
360 m and 200 m from a wind farm to be 61 dBG and 63 dBG, respec-
tively. The threshold of audibility for G-weighted sound levels is 85
dBG. The same paper found infrasound levels of 69 dBG 250 m
from a coastal cliff face and 76 dBG in downtown Adelaide,
Australia.18 One study found that, even at distances less than 450
feet (136 m), infrasound levels were 80 dBG or less. At more typical
receiver distances (greater than 300 m or 1000 feet), infrasound lev-
els were 72 dBG or less. This corresponded to A-weighted sound
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FIGURE 4. Sound power of the Siemens SWT 2.3-93 (TX) wind turbine.15

levels of 56 and 49 dBA, respectively, higher than most existing
regulatory noise limits.12

Farther away from wind farms (1.5 km) infrasound is no higher
than what would be caused by localized wind conditions, reinforc-
ing the necessity for adequate wind-caused pseudosound reduction
measures for wind turbine sound-level measurements.22

Low-frequency sound near wind farms is typically audible,
with levels crossing the threshold of audibility between 25 and
125 Hz depending on the distance between the turbines and mea-
surement location.12,15,19,20,23 Figure 5 shows the frequency spectrum
of a wind farm measured at about 3500 feet compared with a truck at
50 feet, a field of insects and birds, wind moving through vegetation,
and the threshold of audibility according to ISO 387-7.

Amplitude Modulation
Wind turbine sound emissions vary with blade velocity and

are characterized in part by amplitude modulation, a broadband os-
cillation in sound level, with a cycle time generally corresponding to
the blade passage frequency. The modulation is typically located in
the 1/1 octave bands from 125 Hz to 2 kHz. Fluctuation magnitudes
are typically not uniform throughout the frequency range. These
fluctuations are typically small (2 to 4 dB) but under more unusual
circumstances can be as great as 10 dB for A-weighted levels and as
much as 15 dB in individual 1/3 octave bands.19,24 Stigwood et al24

found that, in groups of several turbines, the individual modulations
can often synchronize causing periodic increases in the modulation
magnitude for periods of 6 to 20 seconds with occasional periods
where the individual turbine modulations average each other out,
minimizing the modulation magnitude. This was not always the case
though, with periods of turbine synchronization occasionally lasting
for hours under consistent high wind shear, wind strength, and wind
direction.

Amplitude modulation is caused by many factors, including
blade passage in front of the tower (shadowing), sound emission
directivity of the moving blade tips, yaw error of the turbine blades
(where the turbine blades are not perpendicular to the wind), inflow
turbulence, and high levels of wind shear.19,24,25 Amplitude modu-
lation level is not correlated with wind speed. Most occurrences of
“enhanced” amplitude modulation (a higher magnitude of modula-
tion) are caused by anomalous meteorological conditions.19 Ampli-
tude modulation varies by site. Some sites rarely exhibit amplitude
modulation, whereas at others amplitude modulation has been mea-
sured up to 30% of the time.10 It has been suggested by some that

amplitude modulation may be the cause of “infrasound” complaints
because of confusing of amplitude modulation, the modulation of a
broadband sound, with actual infrasound.19

Tonality
Tones are specific frequencies or narrow bands of frequencies

that are significantly louder than adjacent frequencies. Tonal sound
is not typically generated by wind turbines but can be found in some
cases.20,26 In most cases, the tonal sound occurs at lower frequen-
cies (less than 200 Hz) and is due to mechanical noise originating
from the nacelle, but has also been found to be due to structural
vibrations originating from the tower, and anomalous aerodynamic
characteristics of the blades27 (see Fig. 5).

Sound Levels at Residences where Symptoms
Have Been Reported

One recent research focus has been the sound levels at (and
in) the residences of people who have complained about sound lev-
els emitted by turbines as some have suggested that wind turbine
noise may be a different type of environmental noise.28 Few studies
have actually measured sound levels inside or outside the homes of
people. Several hypotheses have been proposed about the charac-
teristics of wind turbine noise complaints, including infrasound,28

low-frequency tones,20 amplitude modulation,19,29 and overall noise
levels.

Overall Noise Levels
Because of the large variability of noise sensitivity among

people, sound levels associated with self-reported annoyance can
vary considerably. (Noise sensitivity and annoyance are discussed
in more detail later in this review.) People exposed to measured
external sound levels from 38 to 53 dBA (10-minute or 1-hour Leq).
Department of Trade and Industry,19 Walker et al,28 Gabriel et al,29

and van den Berg et al30,149 have reported annoyance. Sound levels
have also been measured inside complainant residences at between
22 and 37 dBA (10-minute Leq).19

Low Frequency and Infrasonic Levels
Concerns have been raised in some settings that low-frequency

sound and infrasound may be special features of wind turbine noise
that lead to adverse health effects.31 As a result, noise measure-
ments in areas of operating wind turbines have focused specifically
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windscreen with a subterranean pit to shelter the microphone, and an-
other used wind resistant cloth.35 A compromise to an underground
microphone mounting is mounting the microphone close (20-cm
height) to the ground, minimizing wind influence, or using a standard
ground mounted microphone with mounting plate, as found in IEC
61400-11.35 Low-frequency sound and infrasound differences be-
tween measurements made with dedicated specialized windscreens
and/or measurement setup and standard wind screens/measurements
setups can be quite large.12,37 Nevertheless, increased measurement
accuracy can come at the cost of reduced accuracy at higher frequen-
cies using some methods.38

To further filter out wind-caused pseudosound, some authors
have advocated a combination of microphone arrays and signal pro-
cessing techniques. The purpose of the signal processing techniques
is to detect elements of similarity in the sound field measured at the
different microphones in the array.

Levels of infrasound from other environmental sources can
be as high as infrasound from wind turbines. A study of infrasound
measured at wind turbines and at other locations away from wind
turbines in South Australia found that the infrasound level at houses
near the wind turbines is no greater than that found in other urban
and rural environments. The contribution of wind turbines to the
infrasound levels is insignificant in comparison with the background
level of infrasound in the environment.22

Conclusions
Wind turbine noise measurement can be challenging because

of the necessity of measuring sound levels during high winds, and
down to low frequencies. No widely accepted measurement method-
ologies address all of these issues, meaning that methods used in
published measurements can differ substantially, affecting the com-
parability of results.

Measurements of low-frequency sound, infrasound, tonal
sound emission, and amplitude-modulated sound show that infra-
sound is emitted by wind turbines, but the levels at customary dis-
tances to homes are typically well below audibility thresholds, even
at residences where complaints have been raised. Low-frequency
sound, often audible in wind turbine sound, typically crosses the au-
dibility threshold between 25 and 125 Hz depending on the location
and meteorological conditions.12,15,19,20,23 Amplitude modulation, or
the rapid (once per second) and repetitive increase and decrease of
broadband sound level, has been measured at wind farms. Amplitude
modulation is typically 2 to 4 dB but can vary more than 6 dB in
some cases (A-weighted sound levels).19,24

A Canadian report investigated the total number of noise-
related complaints because of operating wind farms in Alberta,
Canada, over its entire history of wind power. Wind power capacity
exceeds 1100 MW; some of the turbines have been in operation for
20 years. Five noise-oriented complaints at utility-scale wind farms
were reported over this period, none of which were repeated after the
complaints were addressed. Complaints were more common during
construction of the wind farms; other power generation methods
(gas, oil, etc) received more complaints than wind power. Farmers
and ranchers did not raise complaints because of effects on crops
and cattle.41 An Australian study found a complaint rate of less than
1% for residents living within 5 km of turbines greater than 1 MW.
Complaints were concentrated among a few wind farms; many wind
farms never received complaints.15

Reviewing complaints in the vicinity of wind farms can be
effective in determining the level and extent of annoyance because
of wind turbine noise, but there are limitations to this approach.
A complaint may be because of higher levels of annoyance (rather
annoyed or very annoyed), and the amount of annoyance required for
an individual to complain may be dependent on the personality of the
person and the corresponding attitude toward the visual effect of the
turbines, their respective attitudes toward wind energy, and whether

they derive economic benefit from the turbines. (All of these factors
are discussed in more detail later in this report.)

Few studies have addressed sound levels at the residents of
people who have described symptoms they consider because of wind
turbines. Limited available data show a wide range of levels (38 to
53 dBA [10-minute or 1-hour Leq] outside the residence and from
23 to 37 dBA [10-minute Leq] inside the residence).19,26,28,28 The
rate of complaints surrounding wind farms is relatively low; 3%
for residents within 1 mile of wind farms and 4% to 5% within
1 km.13,32,41

Epidemiological Studies of Wind Turbines
Key to understanding potential effects of wind turbine noise

on human health is to consider relevant evidence from well-
conducted epidemiological studies, which has the advantage of re-
flecting risks of real-world exposures. Nevertheless, environmental
epidemiology is an observational (vs experimental) science that de-
pends on design and implementation characteristics that are subject
to numerous inherent and methodological limitations. Nevertheless,
evidence from epidemiological studies of reasonable quality may
provide the best available indication of whether certain exposures—
such as industrial wind turbine noise—may be harming human
health. Critical review and synthesis of the epidemiological evi-
dence, combined with consideration of evidence from other lines
of inquiry (ie, animal studies and exposure assessments), provide a
scientific basis for identifying causal relationships, managing risks,
and protecting public health.

Methods
Studies of greatest value for validly identifying risk fac-

tors for disease include well-designed and conducted cohort studies
and case–control studies—provided that specific diseases could be
identified—followed by cross-sectional studies (or surveys). Case
reports and case series do not constitute epidemiological studies and
were not considered because they lack an appropriate comparison
group, which can obscure a relationship or even suggest one where
none exists.39,40,42 Such studies may be useful in generating hypothe-
ses that might be tested using epidemiological methods but are not
considered capable of demonstrating causality, a position also taken
by international agencies such as the WHO.8

Epidemiological studies selected for this review were identi-
fied through searches of PubMed and Google Scholar using the fol-
lowing key words individually and in various combinations: “wind,”
“wind turbine,” “wind farm,” “windmill,” “noise,” “sleep,” “cardio-
vascular,” “health,” “symptom,” “condition,” “disease,” “cohort,”
“case–control,” “cross-sectional,” and “epidemiology.” In addition,
general Web searches were performed, and references cited in all
identified publications were reviewed. Approximately 65 documents
were identified and obtained, and screened to determine whether (1)
the paper described a primary epidemiological study (including ex-
perimental or laboratory-based study) published in a peer-reviewed
health, medical or relevant scientific journal; (2) the study focused
on or at least included wind turbine noise as a risk factor; (3) the
study measured at least one outcome of potential relevance to health;
and (4) the study attempted to relate the wind turbine noise with the
outcome.

Results
Of the approximately 80 articles initially identified in the

search, only 20 met the screening criteria (14 observational
and six controlled human exposure studies), and these were re-
viewed in detail to determine the relative quality and valid-
ity of reported findings. Other documents included several re-
views and commentaries4,5,7,43–51; case reports, case studies, and
surveys23,52–54; and documents published in media other than peer-
reviewed journals. One study published as part of a conference
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proceedings did not meet the peer-reviewed journal eligibility crite-
rion but was included because it seemed to be the first epidemiolog-
ical study on this topic and an impetus for subsequent studies.55

The 14 observational epidemiological studies were critically
reviewed to assess their relative strengths and weaknesses on the
basis of the study design and the general ability to avoid selection bias
(eg, the selective volunteering of individuals with health complaints),
information bias (eg, under- or overreporting of health complaints,
possibly because of reliance on self-reporting), and confounding
bias (the mixing of possible effects of other strong risk factors for
the same disease because of correlation with the exposure).

Figure 6 depicts the 14 observational epidemiological studies
published in peer-reviewed health or medical journals, all of which
were determined to be cross-sectional studies or surveys. As can be
seen from the figure, the 14 publications were based on analyses of
data from only eight different study populations, that is, six publi-
cations were based on analyses of a previously published study (eg,
Pedersen et al56 and Bakker et al57 were based on the data from Ped-
ersen et al58) or on combined data from previously published studies
(eg, Pedersen and Larsman59 and Pedersen and Waye60 were based
on the combined data from Pedersen and Waye61,62; and Pedersen63

and Janssen et al64 were based on the combined data from Pedersen
et al,58 Pedersen and Waye,61 and Pedersen and Waye62). Therefore,
in the short summaries of individual studies below, publications
based on the same study population(s) are grouped.

Summary of Observational Epidemiological Studies
Possibly the first epidemiological study evaluating wind tur-

bine sound and noise annoyance was published in the proceedings
of the 1993 European Community Wind Energy Conference.55 In-
vestigators surveyed 574 individuals (159 from the Netherlands, 216
from Germany, and 199 from Denmark). Up to 70% of the people

FIGURE 6. The 14 observational epidemiological studies
published in peer-reviewed health or medical journals, all
of which were determined to be cross-sectional studies or
surveys.

resided near wind turbines for at least 5 years. No response rates were
reported, so the potential for selection or participation bias cannot
be evaluated. Wind turbine sound levels were calculated in 5 dBA
intervals for each respondent, on the basis of site measurements and
residential distance from turbines. The authors claimed that noise-
related annoyance was weakly correlated with objective sound levels
but more strongly correlated with indicators of respondents’ attitudes
and personality.55

In a cross-sectional study of 351 participants residing in prox-
imity to wind turbines (power range 150 to 650 kW), Pederson (a
coauthor of the Wolsink55 study) and Persson and Waye61 described
a statistically significant association between modeled wind turbine
audible noise estimates and self-reported annoyance. In this section,
“statistically significant” means that the likelihood that the results
were because of chance is less than 5%. No respondents among
the 12 exposed to wind turbine noise less than 30 dBA reported
annoyance with the sound; however, the percentage reporting
annoyance increased with noise exceeding 30 dBA. No differences
in health or well-being outcomes (eg, tinnitus, cardiovascular
disease, headaches, and irritability) were observed. With noise
exposures greater than 35 dBA, 16% of respondents reported sleep
disturbance, whereas no sleep disturbance was reported among those
exposed to less than 35 dBA. Although the authors observed that
the risk of annoyance from wind turbine noise exposure increased
statistically significantly with each increase of 2.5 dBA, they also
reported a statistically significant risk of reporting noise annoyance
among those self-reporting a negative attitude toward the visual
effect of the wind turbines on the landscape scenery (measured on
a five-point scale ranging from “very positive” to “very negative”
opinion). These results suggest that attitude toward visual effect is
an important contributor to annoyance associated with wind turbine
noise. In addition to its reliance on self-reported outcomes, this
study is limited by selection or participation bias, suggested by the
difference in response rate between the highest-exposed individuals
(78%) versus lowest-exposed individuals (60%).

Pederson62 examined the association between modeled wind
turbine sound pressures and self-reported annoyance, health, and
well-being among 754 respondents in seven areas in Sweden with
wind turbines and varying landscapes. A total of 1309 surveys were
distributed, resulting in a response rate of 57.6%. Annoyance was sig-
nificantly associated with SPLs from wind turbines as well as having
a negative attitude toward wind turbines, living in a rural area, wind
turbine visibility, and living in an area with rocky or hilly terrain.
Those annoyed by wind turbine noise reported a higher prevalence
of lowered sleep quality and negative emotions than those not an-
noyed by noise. Because of the cross-sectional design, it cannot be
determined whether wind turbine noise caused these complaints or if
those who experienced disrupted sleep and negative emotions were
more likely to notice and report annoyance from noise. Measured
SPLs were not associated with any health effects studied. In the
same year, Petersen et al reported on what they called a “grounded
theory study” in which 15 informants were interviewed in depth
regarding the reasons they were annoyed with wind turbines and as-
sociated noise. Responses indicated that these individuals perceived
the turbines to be an intrusion and associated with feelings of lack
of control and influence.65 Although not an epidemiological study,
this exercise was intended to elucidate the reasons underlying the
reported annoyance with wind turbines.

Further analyses of the combined data from Pedersen and
Waye61,62 (described above) were published in two additional
papers.59,60 The pooled data included 1095 participants exposed
to wind turbine noise of at least 30 dBA. As seen in the two orig-
inal studies, a significant association between noise annoyance and
SPL was observed. A total of 84 participants (7.7%) reported being
fairly or very annoyed by wind turbine noise. Respondents reporting
wind turbines as having a negative effect on the scenery were also

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

e114 C© 2014 American College of Occupational and Environmental Medicine

Exhibit_DK-2 
Page 212 of 626

Relative size and !oration of s1udy groups 

Wols,rll< et al , (1993) 

P~ers~n 
(2007) 

-
~ el al. 

(2009) 
~d!rwn et a.1, 

(1010) 

""'"" (10ll) 

Shep~1d,et al. ( ZOU) 

Mr<>aek, et 01. (2012) 

i ~Mbaeu.tn et al, 

(ZOU) 

T"'(lor et al, (2013) 

Netherland, 
Oenmark, Germany 

n 574 

Pede""n and L.a .. man (2008) 
Peder,en ono Wa,o (2008) 

(two comb/nod) 

Sweden 

n= 754 

Netherlands 

n= 725 

wZealand n : 197 

USA 
United 

Poland 

n = 1,277 

n = Jg 

n = 138 

Pedersen, (2011) 
Jansson, (2011) 
jthree combined) 

 
005154

ADMINISTRATIVE RECORD - Scan 2 - Page 244 of 449

- Page 328 -



JOEM � Volume 56, Number 11, November 2014 Wind Turbines and Health

statistically significantly more likely to report annoyance to wind
turbine noise, regardless of SPLs.59 Self-reported stress was higher
among those who were fairly or very annoyed compared with those
not annoyed; however, these associations could not be attributed
specifically to wind turbine noise. No differences in self-reported
health effects such as hearing impairment, diabetes, or cardiovascu-
lar diseases were reported between the 84 (7.7%) respondents who
were fairly or very annoyed by wind turbine noise compared with all
other respondents.60 The authors did not report the power of the study.

Pederson et al56–58 evaluated the data from 725 residents in
the Netherlands living within 2.5 km of a site containing at least
two wind turbines of 500 kW or greater. Using geographic informa-
tion systems methods, 3727 addresses were identified in the study
target area, for which names and telephone numbers were found
for 2056; after excluding businesses, 1948 were determined to be
residences and contacted. Completed surveys were received from
725 for a response rate of 37%. Although the response rate was
lower than in previous cross-sectional studies, nonresponse analy-
ses indicated that similar proportions responded across all landscape
types and sound pressure categories.57 Calculated sound levels, other
sources of community noise, noise sensitivity, general attitude, and
visual attitude toward wind turbines were evaluated. The authors
reported an exposure–response relationship between calculated A-
weighted SPLs and self-reported annoyance. Wind turbine noise was
reported to be more annoying than transportation noise or industrial
noise at comparable levels. Annoyance, however, was also correlated
with a negative attitude toward the visual effect of wind turbines
on the landscape. In addition, a statistically significantly decreased
level of annoyance from wind turbine noise was observed among
those who benefited economically from wind turbines, despite equal
perception of noise and exposure to generally higher (greater than
40 dBA) sound levels.58 Annoyance was strongly correlated with
self-reporting a negative attitude toward the visual effect of wind
turbines on the landscape scenery (measured on a five-point scale
ranging from “very positive” to “very negative” opinion). The low
response rate and reliance on self-reporting of noise annoyance limit
the interpretation of these findings.

Results of further analyses of noise annoyance were reported
in a separate report,56 which indicated that road traffic noise had no
effect on annoyance to wind turbine noise and vice versa. Visibility
of, and attitude toward, wind turbines and road traffic were signifi-
cantly related to annoyance from their respective noise source; stress
was significantly associated with both types of noise.56,157

Additional analyses of the same data were performed using
a structural equation approach that indicated that, as with annoy-
ance, sleep disturbance increased with increasing SPL because of
wind turbines; however, this increase was statistically significant
only at pressures of 45 dBA and higher. Results of analyses of the
combined data from the two Swedish61,62 and the Dutch58 cross-
sectional studies have been published in two additional papers. Us-
ing the combined data from these three predecessor studies, Pedersen
et al56,58 identified 1755 (ie, 95.9%) of the 1830 total participants
for which complete data were available to explore the relationships
between calculated A-weighted SPLs and a range of indicators of
health and well-being. Specifically, they considered sleep interrup-
tion; headache; undue tiredness; feeling tense, stressed, or irritable;
diabetes; high blood pressure; cardiovascular disease; and tinnitus.63

As in the precursor studies, noise annoyance indoors and outdoors
was correlated with A-weighted SPLs. Sleep interruption seemed
at higher sound levels and was also related to annoyance. No other
health or well-being variables were consistently related to SPLs.
Stress was not directly associated with SPLs but was associated with
noise-related annoyance.

Another report based on these data (in these analyses, 1820
of the 1830 total participants) modeled the relationship between
wind turbine noise exposure and annoyance indoors and outdoors.64

The authors excluded respondents who benefited economically from
wind turbines, then compared their modeled results with other
modeled relationships for industrial and transportation noise; they
claimed that annoyance from wind turbine noise at or higher than 45
dBA is associated with more annoyance than other noise sources.

Shepherd et al,66 who had conducted an earlier evaluation
of noise sensitivity and Health Related Quality of Life (HRQL),158

compared survey results from 39 residents located within 2 km of
a wind turbine in the South Makara Valley in New Zealand with
139 geographically and socioeconomically matched individuals who
resided at least 8 km from any wind farm. The response rates for
both the proximal and more distant study groups were poor, that
is, 34% and 32%, respectively, although efforts were made to blind
respondents to the study hypotheses. No indicator of exposure to
wind turbine noise was considered beyond the selection of individu-
als based on the proximity of their residences from the nearest wind
turbine. Health-related quality-of-life (HRQOL) scales were used to
describe and compare the general well-being and well-being in the
physical, psychological, and social domains of each group. The au-
thors reported statistically significant differences between the groups
in some HRQOL domain scores, with residents living within 2 km of
a turbine installation reporting lower mean physical HRQOL domain
score (including lower component scores for sleep quality and self-
reported energy levels) and lower mean environmental quality-of-life
(QOL) scores (including lower component scores for considering
one’s environment to be less healthy and being less satisfied with the
conditions of their living space). No differences were reported for
social or psychological HRQOL domain scores. The group residing
closer to a wind turbine also reported lower amenity but not related
to traffic or neighborhood noise annoyance. Lack of actual wind tur-
bine and other noise source measurements, combined with the poor
response rate (both noted by the authors as limitations), limits the
inferential value of these results because they may pertain to wind
turbine emissions.66

Possibly the largest cross-sectional epidemiological study of
wind turbine noise on QOL was conducted in an area of northern
Poland with the most wind turbines.67 Surveys were completed by a
total of 1277 adults (703 women and 574 men), aged 18 to 94 years,
representing a 10% two-stage random sample of the selected com-
munities. Although the response rate was not reported, participants
were sequentially enrolled until a 10% sample was achieved, and the
proportion of individuals invited to participate but unable or refus-
ing to participate was estimated at 30% (B. Mroczek, dr hab n. zdr.,
e-mail communication, January 2, 2014). Proximity of residence was
the exposure variable, with 220 (17.2%) respondents within 700 m;
279 (21.9%) between 700 and 1000 m; 221 (17.3%) between 1000
and 1500 m; and 424 (33.2%) residing more than 1500 m from the
nearest wind turbine. Indicators of QOL and health were measured
using the Short Form–36 Questionnaire (SF-36). The SF-36 con-
sists of 36 questions specifically addressing physical functioning,
role-functioning physical, bodily pain, general health, vitality, so-
cial functioning, role-functioning emotional, and mental health. An
additional question concerning health change was included, as well
as the Visual Analogue Scale for health assessment. It is unclear
whether age, sex, education, and occupation were controlled for in
the statistical analyses. The authors report that, within all subscales,
those living closest to wind farms reported the best QOL, and those
living farther than 1500 m scored the worst. They concluded that liv-
ing in close proximity of wind farms does not result in the worsening
of, and might improve, the QOL in this region.67

A small survey of residents of two communities in Maine
with multiple industrial wind turbines compared sleep and general
health outcomes among 38 participants residing 375 to 1400 m
from the nearest turbine with another group of 41 individuals re-
siding 3.3 to 6.6 km from the nearest wind turbine.68 Participants
completed questionnaires and in-person interviews on a range of
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health and attitudinal topics. Prevalence of self-reported health and
other complaints was compared by distance from the wind turbines,
statistically controlling for age, sex, site, and household cluster in
some analyses. Participants living within 1.4 km of a wind turbines
reported worse sleep, were sleepier during the day, and had worse
SF-36 Mental Component Scores compared with those living farther
than 3.3 km away. Statistically significant correlations were reported
between Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale,
SF-36 Mental Component Score, and log-distance to the nearest wind
turbine. The authors attributed the observed differences to the wind
turbines68; methodological problems such as selection and reporting
biases were overlooked. This study has a number of methodological
limitations, most notably that all of the “near” turbine groups were
plaintiffs in a lawsuit against the wind turbine operators and had
already been interviewed by the lead investigator prior to the study.
None of the “far” group had been interviewed; they were “cold
called” by an assistant. This differential treatment of the two groups
introduces a bias in the integrity of the methods and corresponding
results. Details of the far group, as well as participation rates, were
not noted.68

In another study, the role of negative personality traits (de-
fined by the authors using separate scales for assessing neuroticism,
negative affectivity, and frustration intolerance) on possible associa-
tions between actual and perceived wind turbine noise and medically
unexplained nonspecific symptoms was investigated via a mailed
survey.69 Of the 1270 identified households within 500 m of eight
0.6 kW micro-turbine farms and within 1 km of four 5 kW small wind
turbine farms in two cities in the United Kingdom, only 138 ques-
tionnaires were returned, for a response rate of 10%. No association
was noted between calculated and actual noise levels and nonspecific
symptoms. A correlation between perceived noise and nonspecific
symptoms was seen among respondents with negative personality
traits. Despite the participant group’s reported representativeness of
the target population, the low survey response rate precludes firm
conclusions on the basis of these data.69

In a study of residents living near a “wind park” in Western
New York State, surveys were administered to 62 individuals living
in 52 homes.70 The wind park included 84 turbines. No association
was noted between self-reported annoyance and short duration sound
measurements. A correlation was noted between the measure of a
person’s concern regarding health risks and reported measures of the
prevalence of sleep disturbance and stress. While a cross-sectional
study is based on self-reported annoyance and health indicators, and
therefore limited in its interpretation, one of its strengths is that it
is one of the few studies that performed actual sound measurements
(indoors and outdoors).

A small but detailed study on response to the wind turbine
noise was carried out in Poland.71 The study population consisted
of 156 people, age 15–82 years, living in the vicinity of 3 wind
farms located in the central and northwestern parts of Poland. No
exclusion criteria were applied, and each individual agreeing to par-
ticipate was sent a questionnaire patterned after the one used in
the Pederson 2004 and Pederson 2007 studies and including ques-
tions on living conditions, self-reported annoyance due to noise from
wind turbines, and self-assessment of physical health and well-being
(such as headaches, dizziness, fatigue, insomnia, and tinnitus). The
response rate was 71%. Distance from the nearest wind turbine and
modeled A-weighted SPLs were considered as exposure indicators.
One third (33.3%) of the respondents found wind turbine noise an-
noying outdoors, and one fifth (20.5%) found the noise annoying
while indoors. Wind turbine noise was reported as being more an-
noying than other environmental noises, and self-reported annoyance
increased with increasing A-weighted SPLs. Factors such as attitude
toward wind turbines and “landscape littering” (visual impact) in-
fluenced the perceived annoyance from the wind turbine noise. This
study, as with most others, is limited by the cross-sectional design

and reliance on self-reported health and well-being indicators; how-
ever, analyses focused on predictors of self-reported annoyance, and
found that wind turbine noise, attitude toward wind turbines, and
attitude toward “landscape littering” explain most of the reported
annoyance.

Other Possibly Relevant Studies
A publication based on the self-reporting of 109 individuals

who “perceived adverse health effects occurring with the onset of
an industrial wind turbine facility” indicated that 102 reported either
“altered health or altered quality of life.” The authors appropriately
noted that this was a survey of self-selected participants who chose
to respond to a questionnaire specifically designed to attract those
who had health complaints they attributed to wind turbines, with no
comparison group. Nevertheless, the authors inappropriately draw
the conclusion that “Results of this study suggest an underlying
relationship between wind turbines and adverse health effects and
support the need for additional studies.”48(p.336) Such a report cannot
provide valid evidence of any relationship for which there is no
comparison and is of little if any inferential value.

Researchers at the School of Public Health, University of Syd-
ney, in Australia conducted a study to explore psychogenic explana-
tions for the increase around 2009 of wind farm noise and/or health
complaints and the disproportionate corresponding geographic dis-
tribution of those complaints.52 They obtained records of complaints
about noise or health from residents living near all 51 wind farms
(1634 turbines) operating between 1993 and 2012 from wind farm
companies and corroborated with documents such as government
public enquiries, news media records, and court affidavits. Of the
51 wind farms, 33 (64.7%) had no record of noise or health com-
plaints, including all wind farms in Western Australia and Tas-
mania. The researchers identified 129 individuals who had filed
complaints, 94 (73%) of whom lived near six wind farms tar-
geted by anti-wind advocacy groups. They observed that 90% of
complaints were registered after anti-wind farm groups included
health concerns as part of their advocacy in 2009. The authors con-
cluded that their findings were consistent with their psychogenic
hypotheses.

Discussion
No cohort or case–control studies were located in this up-

dated review of the peer-reviewed literature. The lack of pub-
lished case–control studies is less surprising and less critical be-
cause there has been no discrete disease or constellation of diseases
identified that likely or might be explained by wind turbine noise.
Anecdotal reports of symptoms associated with wind turbines in-
clude a broad array of nonspecific symptoms, such as headache,
stress, and sleep disturbance, that afflict large proportions of the
general population and have many recognized risk factors. Retro-
spectively associating such symptoms with wind turbines or even
measured wind turbine noise—as would be necessary in case–
control studies—does not prevent recall bias from influencing the
results.

Although cross-sectional studies and surveys have the advan-
tage of being relatively simple and inexpensive to conduct, they
are susceptible to a number of influential biases. Most importantly,
however, is the fact that, because of the simultaneous ascertain-
ment of both exposure (eg, wind turbine noise) and health outcomes
or complaints, the temporal sequence of exposure–outcome rela-
tionship cannot be demonstrated. If the exposure cannot be estab-
lished to precede the incidence of the outcome—and not the reverse,
that is, the health complaint leads to increased perception of or an-
noyance with the exposure, as with insomnia headaches or feeling
tense/stressed/irritable—the association cannot be evaluated for a
possible causal nature.
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Conclusions
A critical review and synthesis of the evidence available from

the eight study populations studied to date (and reported in 14 publi-
cations) provides some insights into the hypothesis that wind turbine
noise harms human health in those living in proximity to wind tur-
bines. These include the following:

� No clear or consistent association is seen between noise from
wind turbines and any reported disease or other indicator of harm
to human health.

� In most surveyed populations, some individuals (generally a small
proportion) report some degree of annoyance with wind turbines;
however, further evaluation has demonstrated:
• Certain characteristics of wind turbine sound such as its in-

termittence or rhythmicity may enhance reported perceptibility
and annoyance;

• The context in which wind turbine noise is emitted also influ-
ences perceptibility and annoyance, including urban versus rural
setting, topography, and landscape features, as well as visibility
of the wind turbines;

• Factors such as attitude toward visual effect of wind turbines
on the scenery, attitude toward wind turbines in general, per-
sonality characteristics, whether individuals benefit financially
from the presence of wind turbines, and duration of time wind
turbines have been in operation all have been correlated with
self-reported annoyance; and

• Annoyance does not correlate well or at all with objective sound
measurements or calculated sound pressures.

� Complaints such as sleep disturbance have been associated with
A-weighted wind turbine sound pressures of higher than 40 to
45 dB but not any other measure of health or well-being. Stress
was associated with annoyance but not with calculated sound
pressures.63

� Studies of QOL including physical and mental health scales and
residential proximity to wind turbines report conflicting findings–
one study (with only 38 participants living within 2.0 km of
the nearest wind turbine) reported lower HRQOL among those
living closer to wind turbines than respondents living farther
away,66 whereas the largest of all studies (with 853 living within
1500 m of the nearest wind turbine)67 found that those living closer
to wind turbines reported higher QOL and health than those living
farther away.67

Because these statistical correlations arise from cross-
sectional studies and surveys in which the temporal sequence of
the exposure and outcome cannot be evaluated, and where the effect
of various forms of bias (especially selection/volunteer bias and re-
call bias) may be considerable, the extent to which they reflect causal
relationships cannot be determined. For example, the claims such as
“We conclude that the noise emissions of wind turbines disturbed the
sleep and caused daytime sleepiness and impaired mental health in
residents living within 1.4 km of the two wind turbines installations
studied” cannot be substantiated on the basis of the actual study
design used and some of the likely biases present.70

Notwithstanding the limitations inherent to cross-sectional
studies and surveys—which alone may provide adequate explanation
for some of the reported correlations—several possible explanations
have been suggested for the wind turbines–associated annoyance
reported in many of these studies, including attitudinal and even
personality characteristics of the survey participants.69 Pedersen and
colleague,59 who have been involved in the majority of publica-
tions on this topic, noted “The enhanced negative response [toward
wind turbines] could be linked to aesthetical response, rather than to
multi-modal effects of simultaneous auditory and visual stimulation,
and a risk of hindrance to psycho-physiological restoration could
not be excluded.”(p.389) They also found that wind turbines might

be more likely to elicit annoyance because some perceive them to
be “intrusive” visually and with respect to their noise.65 Alterna-
tive explanations on the basis of evaluation of all health complaints
filed between 1993 and 2012 with wind turbine operators across
Australia include the influence of anti-wind power activism and the
surrounding publicity on the likelihood of health complaints, calling
the complaints “communicated diseases.”52

As noted earlier, the 14 papers meeting the selection criteria
for critical review and synthesis were based on only eight indepen-
dent study groups—three publications were based on the same study
group from the Netherlands58 and four additional publications were
based on the combined data from the two Swedish surveys61,62 or
from the combined data from all three. The findings across studies
based on analyses of the same data are not independent observa-
tions, and therefore the body of available evidence may seem to
be larger and more consistent than it should. This observation does
not necessarily mean that the relationships observed (or the lack of
associations between calculated wind turbines sound pressures and
disease or other indicators of health) are invalid, but that consistency
across reports based on the same data should not be overinterpreted
as independent confirmation of findings. Perhaps more important is
that all eight were cross-sectional studies or surveys, and therefore
inherently limited in their ability to demonstrate the presence or
absence of true health effects.

Recent controlled exposure laboratory evaluations lend sup-
port to the notion that reports of annoyance and other complaints
may reflect, at least in part, preconceptions about the ability of wind
turbine noise to harm health52,71,72 or even the color of the turbine73

more than the actual noise emission.
Sixty years ago, Sir Austin Bradford Hill delivered a lecture

entitled “Observations and Experiment” to the Royal College of
Occupational Medicine. In his lecture, Hill stated that “The observer
may well have to be more patient than the experimenter—awaiting
the occurrence of the natural succession of events he desires to study;
he may well have to be more imaginative—sensing the correlations
that lie below the surface of his observations; and he may well have
to be more logical and less dogmatic—avoiding as the evil eye the
fallacy of ‘post hoc ergo propter hoc,’ the mistaking of correlation
for causation.”74(p.1000)

Although it is typical and appropriate to point out the obvious
need for additional research, it may be worth emphasizing that more
research of a similar nature—that is, using cross-sectional or survey
approaches—is unlikely to be informative, most notably for public
policy decisions. Large, well-conducted prospective cohort studies
that document baseline health status and can objectively measure
the incidence of new disease or health conditions over time with the
introduction would be the most informative. On the contrary,
the phenomena that constitute wind turbine exposures—primarily
noise and visual effect—are not dissimilar to many other environ-
mental (eg, noise of waves along shorelines) and anthropogenic (eg,
noise from indoor Heating Ventilation and Air Conditioning or road
traffic) stimuli, for which research and practical experience indicate
no direct harm to human health.

Sound Components and Health: Infrasound,
Low-Frequency Sound, and Potential Health
Effects

Introduction
This section addresses potential health implications of infra-

sound and low-frequency sound because claims have been made that
the frequency of wind turbine sound has special characteristics that
may present unique health risks in comparison with other sources of
environmental sound.

Wind turbines produce two kinds of sound. Gears and gener-
ators can make mechanical noise, but this is less prominent than the
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TABLE 1. Human Thresholds for Different Frequencies

Frequency (Hz) Threshold (dB SPL)

100 27

25 69

10 97

SPL, sound pressure level.

aerodynamic noise of the blades, whose tips may have velocities in
excess of 200 mph. Three-bladed turbines often rotate about once
every 3 seconds; their “blade-pass” frequency is thus about 1 Hz
(Hz: cycle per second). For this reason, the aerodynamic noise often
rises and falls about once per second, and some have described the
sounds as “whooshing” or “pulsing.”

Several studies44,75,76 have shown that at distances of 300 m
or more, wind turbine sounds are below human detection thresholds
for frequencies less than 50 Hz. The most audible frequencies (those
whose acoustic energies exceed human thresholds the most) are in
500 to 2000 Hz range. At this distance from a single wind turbine,
overall levels are typically 35 to 45 dBA.77,78 These levels can be
audible in a typical residence with ambient noise of 30 dBA and
windows open (a room with an ambient level of 30 dBA would be
considered by most people to be quiet or very quiet). In outdoor
environments, sound levels drop about 6 dB for every doubling of
the distance from the source, so one would predict levels of 23 to
33 dBA, that is, below typical ambient noise levels in homes, at a
distance of 1200 m. For a wind farm of 12 large turbines, Møller and
Pedersen79 predicted a level of 35 dBA at a distance of 453 m.

As noted earlier in this report, sound intensity is usually mea-
sured in decibels (dB), with 0 dB SPL corresponding to the softest
sounds young humans can hear. Nevertheless, humans hear well only
within the frequency range that includes the frequencies most im-
portant for speech understanding—about 500 to 5000 Hz. At lower
frequencies, hearing thresholds are much higher.75 Although fre-
quencies lower than 20 Hz are conventionally referred to as “infra-
sound,” sounds in this range can in fact be heard, but only when they
are extremely intense (a sound of 97 dB SPL has 10 million times as
much energy as a sound of 27 dB; see Table 1).

Complex sounds like those produced by wind turbines contain
energy at multiple frequencies. The most complete descriptions of
such sounds include dB levels for each of several frequency bands
(eg, 22 to 45 Hz, 45 to 90 Hz, 90 to 180 Hz, . . . , 11,200 to 22,400 Hz).
It is simpler, and appropriate in most circumstances, to specify over-
all sound intensity using meters that give full weight to the frequen-
cies people hear well, and less weight to frequencies less than 500
Hz and higher than 5000 Hz. The resulting metric is “A-weighted”
decibels or dBA. Levels in dBA correlate well with audibility; in
a very quiet place, healthy young people can usually detect sounds
less than 20 dBA.

Low-Frequency Sound and Infrasound
Low-frequency noise (LFN) is generally considered frequen-

cies from 20 to 250 Hz, as described earlier in more detail in subsec-
tion “Low Frequency and Infrasonic Levels.” The potential health
implications of low-frequency sound from wind turbines have been
investigated in a study of four large turbines and 44 smaller turbines
in the Netherlands.17 In close proximity to the turbines, infrasound
levels were below audibility. The authors suggested that LFN could
be an important aspect of wind turbine noise; however, they did
not link measured or modeled noise levels with any health outcome
measure, such as annoyance.

A literature review of infrasound and low-frequency sound
concluded that low-frequency sound from wind turbines at resi-
dences did not exceed levels from other common noise sources, such
as traffic.44 The authors concluded that a “statistically significant as-
sociation between noise levels and self-reported sleep disturbance
was found in two of the three [epidemiology] studies.”(p.1). It has
been suggested that LFN from wind turbines causes other and more
serious health problems, but empirical support for these claims is
lacking.44

Sounds with frequencies lower than 20 Hz (ie, infrasound)
may be audible at very high levels. At even higher levels, subjects
may experience symptoms from very low-frequency sounds—ear
pressure (at levels as low as 127 dB SPL), ear pain (at levels higher
than 145 dB), chest and abdominal movement, a choking sensa-
tion, coughing, and nausea (at levels higher than 150 dB).80,81 The
National Aeronautics and Space Administration considered that in-
frasound exposures lower than 140 dB SPL would be safe for astro-
nauts; American Conference of Governmental Industrial Hygienists
recommends a threshold limit value of 145 dB SPL for third-octave
band levels between 1 and 80 Hz.81 As noted earlier, infrasound from
wind turbines has been measured at residential distances and noted
to be many orders of magnitude below these levels.

Whenever wind turbine sounds are audible, some people may
find the sounds annoying, as discussed elsewhere in this review. Some
authors, however, have hypothesized that even inaudible sounds,
especially at very low frequencies, could affect people by activating
several types of receptors, including the following:

1. Outer hair cells of the cochlea82;
2. Hair cells of the normal vestibular system,83 especially the otolith

organs84;
3. Hair cells of the vestibular system after its fluid dynamics have

been disrupted by infrasound82;
4. Visceral graviceptors acting as vibration sensors.83

To evaluate these hypotheses, it is useful to review selected
aspects of the anatomy and physiology of the inner ear (focusing
on the differences between the cochlea and the vestibular organs),
vibrotactile sensitivity to airborne sound, and the types of evidence
that, while absent at present, could in theory support one or more of
these hypotheses.

How the Inner Ear Works
The inner ear contains the cochlea (the organ of hearing) and

five vestibular organs (three semicircular canals and two otolith or-
gans, transmitting information about head position and movement).
The cochlea and the vestibular organs have one important feature in
common—they both use hair cells to convert sound or head move-
ment into nerve impulses that can then be transmitted to the brain.
Hair cells are mechanoreceptors that can elicit nerve impulses only
when their stereocilia (or sensory hairs) are bent.

The anatomy of the cochlea ensures that its hair cells respond
well to airborne sound and poorly to head movement, whereas the
anatomy of the vestibular organs optimizes hair cell response to head
movement and minimizes response to airborne sound. Specifically,
the cochlear hair cells are not attached to the bony otic capsule, and
the round window permits the cochlear fluids to move more freely
when air-conducted sound causes the stapes to move back and forth
in the oval window. Conversely, the vestibular hair cells are attached
to the bony otic capsule, and the fluids surrounding them are not
positioned between the two windows and thus cannot move as freely
in response to air-conducted sound. At the most basic level, this
makes it unlikely that inaudible sound from wind turbines can affect
the vestibular system.
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Responding to Airborne Sound
Airborne sound moves the eardrum and ossicles back and

forth; the ossicular movement at the oval window then displaces inner
ear fluid, causing a movement of membranes in the cochlea, with
bending of the hair cell stereocilia. Nevertheless, this displacement of
the cochlear hair cells depends on the fact that there are two windows
separating the inner ear from the middle ear, with the cochlear hair
cells positioned between them—whenever the oval window (the bony
footplate of the stapes, constrained by a thin annular ligament) is
pushed inward, the round window (a collagenous membrane lined
by mucous membrane) moves outward, and vice versa. When the
round window is experimentally sealed,85 the cochlea’s sensitivity to
sound is reduced by 35 dB.

The vestibular hair cells are not positioned between the two
cochlear windows, and therefore airborne sound-induced inner ear
fluid movement does not efficiently reach them. Instead, the vestibu-
lar hair cells are attached to the bone of the skull so that they can
respond faithfully to head movement (the cochlear hair cells are not
directly attached to the skull). As one might expect, vestibular hair
cells can respond to head vibration (bone-conducted sound), such
as when a tuning fork is held to the mastoid. Very intense airborne
sound can also make the head vibrate; people with severe conductive
hearing loss can hear airborne sound in this way, but only when the
sounds are made 50 to 60 dB more intense than those audible to
normal people.

The cochlea contains two types of hair cells. It is often said
that we hear with our inner hair cells (IHCs) because all the “type
I” afferent neurons that carry sound-evoked impulses to the brain
connect to the IHCs. The outer hair cells (OHCs) are important as
“preamplifiers” that make it possible to hear very soft sounds; they
are exquisitely tuned to specific frequencies, and when they move
they create fluid currents that then displace the stereocilia of the
IHCs.

Although more numerous than the IHCs, the OHCs receive
only very scanty afferent innervation, from “type II” neurons, the
function of which is unknown. Salt and Hullar82 have pointed out
that OHCs generate measurable electrical responses called cochlear
microphonics to very low frequencies (eg, 5 Hz) at levels that are
presumably inaudible to the animals and have hypothesized that the
type II afferent fibers from the OHCs might carry this information
to the brain. Nevertheless, it seems that no one has ever recorded
action potentials from type II cochlear neurons, nor have physio-
logical responses other than cochlear microphonics been recorded in
response to inaudible sounds.86,87 In other words, as Salt and Hullar82

acknowledge, “The fact that some inner ear components (such as the
OHC) may respond to [airborne] infrasound at the frequencies and
levels generated by wind turbines does not necessarily mean that
they will be perceived or disturb function in any way.”(p.19)

Responses of the Vestibular Organs
As previously noted, vestibular hair cells are efficiently cou-

pled to the skull. The three semicircular canals in each ear are de-
signed to respond to head rotations (roll, pitch, yaw, or any combi-
nation). When the head rotates, as in shaking the head to say “no,”
the fluid in the canals lags behind the skull and bends the hair cells.
The otolith organs (utricle and saccule) contain calcium carbonate
crystals (otoconia) that are denser than the inner ear fluid, and this al-
lows even static head position to be detected; when the head is tilted,
gravitational pull on the otoconia bends the hair cells. The otolith
organs also respond to linear acceleration of the head, as when a car
accelerates.

Many people complaining about wind turbines have reported
dizziness, which can be a symptom of vestibular disorders; this
has led to suggestions that wind turbine sound, especially inaudible
infrasound, can stimulate the vestibular organs.83,84 Pierpont83 intro-
duced a term “Wind Turbine Syndrome” based on a case series of 10

families who reported symptoms that they attributed to living near
wind turbines. The author invited people to participate if they thought
they had symptoms from living in the vicinity of wind turbines;
this approach introduces substantial selection bias that can distort
the results and their corresponding significance. Telephone inter-
views were conducted; no medical examination, diagnostic studies
or review, and documentation of medical records were conducted
as part of the case series. Noise measurements were not provided.
Nonetheless, the author described a collection of nonspecific symp-
toms that were described as “Wind Turbine Syndrome.” The case
series, at the time of preparation of this review, has not been pub-
lished in the peer-reviewed scientific literature. Although not med-
ically recognized, advocates of this “disorder” suggest that wind
turbines produce symptoms, such as headaches, memory loss, fa-
tigue, dizziness, tachycardia, irritability, poor concentration, and
anxiety.88

To support her hypotheses, Pierpont cited a report by Todd
et al89 that demonstrated human vestibular responses to bone-
conducted sound at levels below those that can be heard. But as
previously noted, this effect is not surprising because the vestibu-
lar system is designed to respond to head movement (including
head vibration induced by direct contact with a vibrating source).
The relevant issue is how the vestibular system responds to air-
borne sound, and here the evidence is clear. Vestibular responses
to airborne sound require levels well above audible thresholds.90,91

Indeed, clinical tests of vestibular function using airborne sound
use levels in excess of 120 dB, which raise concerns of acoustic
trauma.92

Salt and Hullar82 acknowledge that a normal vestibular system
is unlikely to respond to inaudible airborne sound—“Although the
hair cells in other sensory structures such as the saccule may be
tuned to infrasonic frequencies, auditory stimulus coupling to these
structures is inefficient so that they are unlikely to be influenced by
airborne infrasound.”(p.12) They go on to hypothesize that infrasound
may cause endolymphatic hydrops, a condition in which one of the
inner ear fluid compartments is swollen and may disturb normal hair
cell function. But here, too, they acknowledge the lack of evidence—
“ . . . it has never been tested whether stimuli in the infrasound range
cause endolymphatic hydrops.”(p.19) In previous research, Salt93 was
able to create temporary hydrops in animals using airborne sound, but
only at levels (115 dB at 200 Hz) that are many orders of magnitude
higher than levels that could exist at residential distances from wind
turbines.

Human Vibrotactile Sensitivity to Airborne Sound
Very loud sound can cause head and body vibration. As pre-

viously noted, a person with absent middle ear function but an intact
cochlea may hear sounds at 50 to 60 dB SPL. Completely deaf peo-
ple can detect airborne sounds using the vibrotactile sense, but only
at levels far above hearing threshold, for example, 128 dB SPL at
16 Hz.94 Vibrotactile sensation depends on receptors in the skin and
joints.

Pierpont83 hypothesized that “visceral graviceptors,”95,96

which contain somatosensory receptors, could detect airborne in-
frasound transmitted from the lungs to the diaphragm and then to
the abdominal viscera. These receptors would seem to be well suited
to detect body tilt or perhaps whole-body vibration, but there is no
evidence that airborne sound could stimulate sensory receptors in the
abdomen. Airborne sound is almost entirely reflected away from the
body; when Takahashi et al97 used airborne sound to produce chest
or abdominal vibration that exceeded ambient body levels, levels
had to exceed 100 dB at 20 to 50 Hz.

Further Studies of Note
The influence of preconception on mood and physical symp-

toms after exposure to LFN was examined by showing 54 university
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students one of two series of short videos that either promoted or dis-
pelled the notion that sounds from wind turbines had health effects,
then exposing subjects to 10 minutes of quiet period followed by
infrasound (40 dB at 5 Hz) generated by computer software, and as-
sessing mood and a series of physical symptoms.71 In a double-blind
protocol, participants first exposed to either a “high-expectancy”
presentation included first-person accounts of symptoms attributed
to wind turbines or a “low-expectancy” presentation showed ex-
perts stating scientific positions indicating that infrasound does not
cause symptoms. Participants were then exposed to 10 minutes of
infrasound and 10 minutes of sham infrasound. Physical symptoms
were reported before and during each 10-minute exposure. The study
showed that healthy volunteers, when given information designed to
invoke either high or low expectations that exposure to infrasound
causes symptom complaints, reported symptoms that were consis-
tent with the level of expectation. These data demonstrate that the
participants’ expectations of the wind turbine sounds determined
their patterns of self-reported symptoms, regardless of whether the
exposure was to a true or sham wind turbine sound. The concept
known as a “nocebo” response, essentially the opposite of a placebo
response, will be discussed in more detail later in this report. A no-
cebo response refers to how a preconceived negative reaction can
occur in anticipation of an event.98

A further study assessed whether positive or negative health
information about infrasound generated by wind turbines affected
participants’ symptoms and health perceptions in response to wind
farm sound.72 Both physical symptoms and mood were evaluated
after exposure to LFN among 60 university students first shown high-
expectancy or low-expectancy short videos intended to promote or
dispel the notion that wind turbines sounds impacted health. One
set of videos presented information indicating that exposure to wind
turbine sound, particularly infrasound, poses a health risk, whereas
the other set presented information that compared wind turbine sound
to subaudible sound created by natural phenomena such as ocean
waves and the wind, emphasizing their positive effects on health.
Students were continuously exposed during two 7-minute listening
sessions to both infrasound (50.4 dB, 9 Hz) and audible wind farm
sound (43 dB), which had been recorded 1 km from a wind farm, and
assessed for mood and a series of physical symptoms. Both high-
expectancy and low-expectancy groups were made aware that they
were listening to the sound of a wind farm and were being exposed to
sound containing both audible and subaudible components and that
the sound was at the same level during both sessions. Participants
exposed to wind farm sound experienced a placebo response elicited
by positive preexposure expectations, with those participants who
were given expectations that infrasound produced health benefits
reporting positive health effects. They concluded that reports of
symptoms or negative effects could be nullified if expectations could
be framed positively.

University students exposed to recorded sounds from loca-
tions 100 m from a series of Swedish wind turbines for 10 minutes
were assessed for parameters of annoyance.99 Sound was played at a
level of 40 dBAeq (the “eq” refers to the average level over the 10-
minute exposure). After the initial exposure, students were exposed
to an additional 3 minutes of noise while filling out questionnaires.
Authors reported that ratings of annoyance, relative annoyance, and
awareness of noise were different among the different wind turbine
recordings played at equivalent noise levels. Various psychoacous-
tic parameters (sharpness, loudness, roughness, fluctuation strength,
and modulation) were assessed and then grouped into profiles. At-
tributes such as “lapping,” “swishing,” and “whistling’’ were more
easily noticed and potentially annoying, whereas “low frequency”
and “grinding” were associated with less intrusive and potentially
less annoying sounds.

Adults exposed to sounds recorded from a 1.5 MV Korean
wind turbine were assessed for the degree of noise annoyance.100

Over a 40-minute period, subjects were exposed to a series of 25
random 30-second bursts of wind turbine noise, separated by at least
10 seconds of quiet between bursts. Following a 3-minute quiet pe-
riod, this pattern was repeated. Participants reported their annoyance
on a scale of 1 to 11. Authors found that the amplitude modula-
tion of wind turbine noise had a statistically significant effect on the
subjects’ perception of noise annoyance.

The effect of psychological parameters on the perception of
noise from wind turbines was also assessed in Italian adults from
both urban and rural areas. Recorded sounds from different distances
(150 m, 250 m, and 500 m) away from wind turbines were played
while pictures of wind turbines were shown and subjects described
their reaction to the pictures.73 Pictures differed in color, the number
of wind turbines, and distance from wind turbines. Pictures had a
weak effect on individual reactions to the number of wind turbines;
the color of the wind turbines influenced both visual and auditory
individual reactions, although in different ways.

Epilepsy and Wind Turbines
Rapidly changing visual stimuli, such as flashing lights or os-

cillating pattern changes, can trigger seizures in susceptible persons,
including some who never develop spontaneous seizures; stimuli that
change at rates of 12 to 30 Hz are most likely to trigger seizures.101

Rotating blades (of a ceiling fan, helicopter, or wind turbine) that
interrupt light can produce a flicker, leading to a concern that wind
turbines might cause seizures. Nevertheless, large wind turbines
(2 MW or more) typically rotate at rates less than 1 Hz; with three
blades, the frequency of light interruption would be less than 3 Hz,
a rate that would pose negligible risk to developing a photoepileptic
seizure.102

Smedley et al103 applied a complex simulation model of
seizure risk to wind turbines, assuming worst-case conditions—a
cloudless day, an observer looking directly toward the sun with wind
turbine blades directly between the observer and the sun, but with
eyes closed (which scatters the light more broadly on the retina); they
concluded that there would be a risk of seizures at distances up to
nine times the turbine height, but only when blade frequency exceeds
3 Hz, which would be rare for large wind turbines. Smaller turbines,
typically providing power for a single structure, often rotate at higher
frequencies and might pose more risk of provoking seizures. At the
time of preparation of this report, there has been no published report
of a photoepileptic seizure being triggered by looking at a rotating
wind turbine.

Sleep and Wind Turbines
Sleep disturbance is relatively common in the general popula-

tion and has numerous causes, including illness, depression, stress,
and the use of medications, among others. Noise is well known to
be potentially disruptive to sleep. The key issue with respect to wind
turbines is whether the noise is sufficiently loud to disrupt sleep.
Numerous environmental studies of noise from aviation, rail, and
highways have addressed sleep implications, many of which are sum-
marized in the WHO’s position paper on Nighttime Noise Guidelines
(Fig. 7).104 This consensus document is based on an expert analysis of
environmental noise from sources other than wind turbines, includ-
ing transportation, aviation, and railway noise. The WHO published
the figure (Fig. 7) to indicate that significant sleep disturbance from
environmental noise begins to occur at noise levels greater than 45
dBA. This figure is based on an analysis of pooled data from 24 dif-
ferent environmental noise studies, although no wind turbine–related
noise studies were included in the analysis. Nonetheless, the studies
provide substantial data on environmental noise exposure that can be
contrasted with noise levels associated with wind turbine operations
to enable one to draw reasonable inferences.

In contrast to the WHO position, an author in an editorial
claimed that routine wind turbine operations that result in noise
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levels less than 45 dBA can have substantial effects on sleep, with
corresponding adverse health effects.105 Another author, however,
challenged the basis of the assertion by pointing out that Hanning
had ignored 17 reviews on the topic with alternative perspectives and
different results.106

Sleep disturbance is a potential extra-auditory effect of noise,
and research has shown a link between wind turbine noise and sleep
disruption.4,57,63,66,107 As with of the other variables reviewed, quan-
tifying sleep quality is typically done with coarse measures. In fact,
this reviewer identified no studies that used a multi-item validated
sleep measure. Research studies typically rely on a single item (some-
times answered yes/no) to measure sleep quality. Such coarse mea-
surement of sleep quality is unfortunate because impaired sleep is a
plausible pathway by which wind turbine noise exposure may impact
both psychological well-being and physical health.

Disturbed sleep can be associated with adverse health
effects.108 Awakening thresholds, however, depend on both physi-
cal and psychological factors. Signification is a psychological factor
that refers to the meaning or attitude attached to a sound. Sound
with high signification will awaken a sleeper at lower intensity than
sound lacking signification.108 As reviewed above, individuals often
attach attitudes to wind turbine sound; as such, wind turbine sleep
disruption may be impacted by psychological factors related to the
sound source.

Shepherd et al66 found a significant difference in perceived
sleep quality between their wind farm and comparison groups, with
the wind farm group reporting worse sleep quality. In the wind farm
group, noise sensitivity was strongly correlated with sleep quality.
In both the wind farm and comparison groups, sleep quality showed
similar strong positive relationships with physical HRQL and psy-
chological HRQL. Pedersen63 found that sound-level exposure was
associated with sleep interruption in two of three studies reviewed;
however, the effect sizes associated with sound exposure were
minimal.

Bakker et al57 found that noise exposure was related to sleep
disturbance in quiet areas (d = 0.40) but not for individuals in noisy
areas (d = 0.02). Nevertheless, when extreme sound exposure groups
were composed,57 data showed that individuals living in high sound
areas (greater than 45 dBA) had significantly greater sleep disruption
than subjects in low sound areas (less than 30 dBA). Annoyance rat-

FIGURE 7. Worst-case prediction of noise-induced
behavioral awakenings. Adapted from WHO104 (Chapter 3);
Miedema et al.163

ings were more strongly associated with sleep disruption.57 Further-
more, when57 structural equation models (SEMs) were applied, the
direct association between sound level and sleep disruption was lost
and annoyance seemed to mediate the effect of wind turbine sound
on sleep disturbance. Across the reviewed studies it seems that sleep
disruption was associated with sound-level exposure; however, the
associations were weak and annoyance ratings were more strongly
and consistently associated with self-reported sleep disruption.

Conclusions
Infrasound and low-frequency sound can be generated by the

operation of wind turbines; however, neither low-frequency sound
nor infrasound in the context of wind turbines or in experimental
studies has been associated with adverse health effects.

Annoyance, Wind Turbines, and Potential Health
Implications

The potential effect of noise on health may occur through both
physiological (sleep disturbance) and psychological pathways. Psy-
chological factors related to noise annoyance reported in association
with wind turbine noise will be reviewed and analyzed. A critique of
the methodological adequacy of the existing wind turbine research
as it relates to psychological outcomes will be addressed.

As noted earlier, “annoyance” has been used as an outcome
measure in environmental noise studies for many decades. Annoy-
ance is assessed via a questionnaire. Because annoyance has been
associated under certain circumstances with living in the vicinity of
wind turbines, this section examines the significance of annoyance,
risk factors for reporting annoyance in the context of wind turbines,
and potential health implications.

For many years, it has been recognized that exposure to high
noise levels can adversely affect health109,110 and that environmen-
tal noise can adversely affect psychological and physical health.111

Key to evaluating the health effects of noise exposure—like any
hazard—is a thorough consideration of noise intensity and duration.
When outcomes are broadened to include more subjective qualities
like annoyance and QOL, additional psychological factors must be
studied.

Noise-related annoyance is a subjective psychological condi-
tion that may result in anger, disappointment, dissatisfaction, with-
drawal, helplessness, depression, anxiety, distraction, agitation, or
exhaustion.112 Annoyance is primarily identified using standardized
self-report questionnaires. Well-established psychiatric conditions
like major depressive disorder are also subjective states that are most
often identified by self-report questionnaires. Despite its subjective
nature, noise annoyance was included as a negative health outcome
by the WHO in their recent review of disease burden related to noise
exposure.112 The inclusion of annoyance with conditions like cardio-
vascular disease reinforces its status as a legitimate primary health
outcome for environmental noise research.

This section reviews the literature on the effect of wind tur-
bines, including noise-related annoyance and its corresponding ef-
fect on health, QOL, and psychological well-being. “Quality of life”
is a multidimensional concept that captures subjective aspects of
an individual’s experience of functioning, well-being, and satisfac-
tion across the physical, mental, and social domains of life. The
WHO defines QOL as “an individual’s perception of their position
in life in the context of the culture and value systems in which
they live and in relation to their goals, expectations, standards and
concerns. It is a broad ranging concept affected in complex ways
by the person’s physical health, psychological status, personal be-
liefs, social relationships and their relationship to salient features
of their environment”.113(p1404) Numerous well-validated QOL mea-
sures are available, with the SF-12 and SF-36114 and the WHO
Quality of Life—Short Form (WHOQLO-BREF115) being among
the most commonly used. Quality of life measures have been widely
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adopted as primary outcomes for clinical trials and cost-effectiveness
research.

Meta-analysis is a quantitative method for summarizing the
relative strength of an effect or relationship as observed across
multiple independent studies.116 The increased application of meta-
analysis has had a considerable effect on how literature reviews are
approached. Currently, more than 20 behavioral science journals re-
quire that authors report measures of effect size along with tests
of significance.117 The use of effect size indicators enhances the
comparability of findings across studies by changing the reported
outcome statistics to a common metric. In behavioral health, the
most frequently used effect size indicators are the Cohen d118 and r
the zero-order (univariate) correlation coefficient.117 An additional
advantage of reporting outcomes as effect size units is that bench-
marks exist for judging the magnitude of these (significant) differ-
ences. Studies reviewed below report an array of statistical analyses
(the t test, analysis of variances, odds ratios, and point-biserial and
biserial correlations), some of which are not suitable for conversion
into the Cohen d; thus, following the recommendations of McGrath
and Meyer,117 r will be used as the common effect size measure
for evaluating studies. As reference points, r between 0.10 and 0.23
represents small effects, r between 0.24 and 0.36 represents medium
effects, and r of 0.37 and greater represent large effects.117 Although
these values offer useful guidelines for comparing findings, it is im-
portant to realize that, in health-related research, very small effects
with r < 0.10 can be of great importance.119

Noise Sensitivity
Noise sensitivity is a stable and normally distributed psycho-

logical trait,120 but predicting who will be annoyed by sound is not
a straightforward process.121 Noise sensitivity has been raised as a
major risk factor for reporting annoyance in the context of environ-
mental noise.156 Noise sensitivity is a psychological trait that affects
how a person reacts to sound. Despite lacking a standard definition,
people can usually reliably rate themselves as low (noise tolerant),
average, or high on noise sensitivity questionnaires; those who rate
themselves as high are by definition noise sensitive.

Noise-sensitive individuals react to environmental
sound more easily, evaluate it more negatively, and ex-
perience stronger emotional reactions than noise tolerant
people.122–124,146,153–156,159–161 Noise sensitivity is not re-
lated to objectively measured auditory thresholds,125 intensity
discrimination, auditory reaction time, or power-function
exponents for loudness.120 Noise sensitivity reflects a psycho-
physiological process with neurocognitive and psychological
features. Noise-sensitive individuals have noise “annoyance thresh-
olds” approximately 10 dB lower than noise tolerant individuals.123

Noise sensitivity has been described as increasing a person’s risk
for experiencing annoyance when exposed to sound at low and
moderate levels.4,157

Noise-Related Annoyance
Noise sensitivity and noise-related annoyance are moderately

correlated (r = 0.32120) but not isomorphic. The WHO112 defines
noise annoyance as a subjective experience that may include anger,
disappointment, dissatisfaction, withdrawal, helplessness, depres-
sion, anxiety, distraction, agitation, or exhaustion. A survey of an
international group of noise researchers indicated that noise-related
annoyance is multifaceted and includes both behavioral and emo-
tional features.126 This finding is consistent with Job’s122 definition
of noise annoyance as a state associated with a range of reactions,
including frustration, anger, dysphoria, exhaustion, withdrawal, and
helplessness.

Annoyance and Wind Turbine Sounds
As noted elsewhere in this review, Pedersen and

colleagues58,61,62,65 conducted the world’s largest epidemiological
studies of people living in the vicinity of wind turbines. These
studies have been discussed in detail in the epidemiological studies
section of this review. Other authors have also addressed annoyance
in the context of living near wind turbines.57,61,125,127,128 Pedersen63

later compared findings from the three cross-sectional epidemiolog-
ical studies to identify common outcomes. Across all three studies,
SPLs were associated with annoyance outside (r between 0.05 and
0.09) and inside of the people’s homes (r between 0.04 and 0.05).
These effect sizes were all less than the small effect boundary of
0.10, meaning that sound levels played a minor role in annoyance.
The percentages of people reporting annoyance with wind turbine
noise ranged from 7% to 14% for indoor exposure and 18% to 33%
for outside exposure.58,61 These rates are similar to those reported
for exposure to other forms of environmental noise.129

The dynamic nature of wind turbine sound may make it more
annoying than other sources of community noise according to Ped-
ersen et al.58 They compared self-reported annoyance from other
environmental noise exposure studies (aircraft, railways, road traf-
fic, industry, and shunting yards) with annoyance from wind turbine
sound. Proportionally, more subjects were annoyed with wind tur-
bine sound at levels lower than 50 dB than with all other sources of
noise exposure, except for shunting yards. Pedersen and Waye107,128

reported that the sound characteristics of swishing (r = 0.70) and
whistling (r = 0.62) were highly correlated with annoyance to wind
turbine sound. Others have reported similar findings. One author has
suggested that wind turbine sound may have acoustic qualities that
may make it more annoying at certain noise levels.80 Other theories
for symptoms described in association with living near wind turbines
have also been proposed.139

Annoyance associated with wind turbine sounds tends to show
a linear association. Sound levels, however, explain only between
9% (r = 0.31) and 13% (r = 0.36) of the variance in annoyance
ratings.57,61 Therefore, SPLs seem to play a significant, albeit limited,
role in the experience of annoyance associated with wind turbines, a
conclusion similar to that reached by Knopper and Ollson.4

Nonacoustical Factors Associated With Annoyance
Although noise levels and noise sensitivity affect the risk of

a person reporting annoyance, nonacoustic factors also play a role,
including the visual effect of the turbines, whether a person derives
economic benefit from the turbines and the type of terrain where one
lives.4 Pedersen and Waye61 assessed the effect of visual/perceptual
factors on wind turbine–related annoyance; all of the variables de-
scribed above were significantly related to self-reported annoyance
after controlling for SPLs. Nevertheless, when these variables were
evaluated simultaneously, only attitude to the visual effect of the tur-
bines remained significantly related to annoyance (r = 0.41, which
can be interpreted as a large effect) beyond sound exposure. Peder-
sen and Waye128 also found visual effect to be a significant factor
in addition to sound exposure for self-reported annoyance to wind
turbine sounds. Pedersen et al58 explored the effect of visual atti-
tude on wind turbine sound-related annoyance. Logistic regression
showed that sound levels, noise sensitivity, attitudes toward wind tur-
bines, and visual effect were all significant independent predictors
of annoyance. Nevertheless, visual attitudes showed an effect size
of r = 0.27 (medium effect), whereas noise sensitivity had an r of
0.09. Other authors have also found the visual effect of wind turbines
to be related to annoyance ratings.130 Results from multiple studies
support the conclusion that visual effect contributes to wind turbine
annoyance,4 with this review finding visual effect to have an effect
size in the medium to large range. Nevertheless, given that noise sen-
sitivity and visual attitude are consistently correlated (r = 0.19 and
r = 0.26, respectively),58,61 it is possible that visual effect enhances
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annoyance through multisensory (visual and auditory) activation of
the noise-sensitivity trait.

Economic Benefit, Wind Turbines, and Annoyance
Some studies have indicated that people who derive economic

benefit from wind turbines are less likely to report annoyance. Ped-
ersen et al58 found that people who benefited economically (n =
103) from wind turbines reported significantly less annoyance de-
spite being exposed to relatively high levels of wind turbine noise.
The annoyance mitigating effect of economic benefit was replicated
in Bakker et al.57 The mitigation effect of economic benefit seems
to be within the small effect size range (r = 0.15).57 In addition,
because receiving economic benefit represents a personal choice to
have wind turbines on their property in exchange for compensation,
the involvement of subject selection factors (ie, noise tolerance) re-
quires additional study.

Annoyance, Quality of Life, Well-being,
and Psychological Distress

The largest cross-sectional epidemiological study of wind tur-
bine noise on QOL was conducted in northern Poland.67 Surveys
were completed by 1277 adults (703 women and 574 men), aged
18 to 94 years, representing a 10% two-stage random sample of
the selected communities. Although the response rate was not re-
ported, participants were sequentially enrolled until a 10% sample
was achieved, and the proportion of individuals invited to partic-
ipate but unable or refusing to participate was estimated at 30%
(B. Mroczek, personal communication). Proximity of residence was
the exposure variable, with 220 (17.2%) respondents within 700 m,
279 (21.9%) between 700 and 1000 m, 221 (17.3%) between 1000
and 1500 m, and 424 (33.2%) residing more than 1500 m from the
nearest wind turbine. Several indicators of QOL, measured using
the SF-36, were analyzed by proximity to wind turbines. The SF-
36 consists of 36 questions divided into the following subscales:
physical functioning, role-functioning physical, bodily pain, general
health, vitality, social functioning, role-functioning emotional, and
mental health. An additional question concerning health change was
included, as well as the Visual Analogue Scale for health assess-
ment. It is unclear whether age, sex, education, and occupation were
controlled. The authors report that within all subscales, those living
closest to wind farms reported the best QOL, and those living farther
than 1500 m scored the worst. They concluded that living in close
proximity to wind farms does not result in worsening of the QOL.67

The authors recommend that subsequent research evaluate the rea-
sons for the higher QOL and health indicators associated with living
in closer proximity to wind farms. They speculated that these might
include economic factors such as opportunities for employment with
or renting land to the wind farm companies.

Individuals living closer to wind farms reported higher levels
of mental health (r = 0.11), physical role functioning (r = 0.07), and
vitality (r = 0.10) than did those living farther away.67 Nevertheless,
the implications of the study67 are unclear, as the authors did not
estimate sound-level exposure or obtain noise annoyance ratings
from their subjects. Overall, with the exception of the study by
Mroczek et al,67 noise annoyance demonstrated a consistent small to
medium effect on QOL and psychological well-being.

A study a year earlier of 39 individuals in New Zealand came
to different conclusions than the Polish study.131 Survey results from
39 residents located within 2 km of a wind turbine in the South
Makara Valley in New Zealand were compared with 139 geograph-
ically and socioeconomically matched individuals who resided at
least 8 km from any wind farm. The response rates for both the prox-
imal and more distant study groups were poor, that is, 34% and 32%,
respectively, although efforts were made to blind respondents to the
study hypotheses. No other indicator of exposure to wind turbines
was included beyond the selection of individuals from within 2 km or

beyond 8 km of a wind turbine, so actual or calculated wind turbine
noise exposures were not available. Subjective HRQOL scales were
used to describe and compare the self-reported physical, psycholog-
ical, and social well-being for each group. Health-related quality of
life measures are believed to provide an alternative approach to direct
health assessment in that decrements in well-being are assumed to
be sensitive to and reflect possible underlying health effects. The au-
thors reported statistically significant differences between the groups
in some HRQOL domain scores, with residents living within 2 km of
a turbine installation reporting lower mean physical HRQOL domain
score (including lower component scores for sleep quality and self-
reported energy levels) and lower mean environmental QOL scores
(including lower component scores for considering one’s environ-
ment to be less healthy and being less satisfied with the conditions of
their living space). The wind farm group scored significantly lower
on physical HRQL (r = 0.21), environmental QOL (r = 0.19), and
overall HRQL (r = 0.10) relative to the comparison group. Although
the psychological QOL ratings were not significantly different
(P = 0.06), the wind farm group also scored lower on this measure
(r = 0.16). In the wind farm group, noise sensitivity was strongly
correlated with noise annoyance (r = 0.44), psychological HRQL
(r = 0.40), and social HRQOL (r = 0.35). These correlations ap-
proach or exceed the large effect size boundary (r > 0.37 suggested
by Cohen).

There were no differences seen for social or psychological
HRQOL domain scores. The turbine group also reported lower
amenity scores, which are based on responses to two general
questions—“I am satisfied with my neighborhood/living environ-
ment,” and “My neighborhood/living environment makes it difficult
for me to relax at home.” No differences were reported between
groups for traffic or neighborhood noise annoyance. Lack of actual
wind turbine and other noise source measurements, combined with
the low response rate (both noted by the authors as limitations), lim-
its the inferential value of this study because it might pertain to wind
turbine emissions.

Across three studies, Pedersen63 found that outdoor annoyance
with turbine sound was associated with tension and stress (r = 0.05
to 0.06) and irritability (r = 0.05 to 0.08), qualities associated with
psychological distress. Bakker et al57 also found that psychological
distress was significantly related to wind turbine sound (r = 0.16),
reported outside annoyance (r = 0.18) and inside annoyance (r =
0.24). Taylor et al69 found that subjects living in areas with a low
probability of hearing turbine noise reported significantly higher
levels of positive affect than those living in moderate or high noise
areas (r = 0.24), suggesting greater well-being for the low noise
group.

Personality Factors and Wind Turbine Sound
Personality psychologists use five bipolar dimensions (neu-

roticism, extraversion-introversion, openness, agreeableness, and
conscientiousness) to organize personality traits.132 Two of these
dimensions, neuroticism and extraversion-introversion, have been
studied in relation to noise sensitivity and annoyance. Neuroticism
is characterized by negative emotional reactions, sensitivity to harm-
ful cues in the environment, and a tendency to evaluate situations
as threatening.133 Introversion (the opposite pole of extraversion)
is characterized by social avoidance, timidity, and inhibition.133

A strong negative correlation has been shown between noise sen-
sitivity (self-ratings) and self-rated extraversion,125 suggesting that
introverts are more noise sensitive. Introverts experience a greater
disruption in vigilance when exposed to low-intensity noise than
do extroverts.134 Extroverts and introverts differ in terms of stimula-
tion thresholds with introverts being more easily overstimulated than
extroverts.135 Despite these studies, the potential link between broad
personality domains and noise annoyance remains unclear.
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Taylor et al69 explored the role of neuroticism, attitude to-
ward wind turbines, negative oriented personality (NOP) traits (nega-
tive affectivity, frustration intolerance), and self-reported nonspecific
somatic symptoms (NSS) in reaction to wind turbine noise. Despite
one of the few peer-reviewed studies of personality and noise sensi-
tivity, it only achieved a 10% response rate, which raises questions
as to the representativeness of the findings. Nonetheless, the study
sample reported a moderately positive attitude toward wind turbines
in general and seemed representative of the local community. In the
study by Taylor et al,69 zero-order correlations showed that estimated
sound levels were significantly related to perceived turbine noise
(r = 0.33) and reduced positive affect (r = −0.32) but not to non-
specific symptoms (r = 0.002), whereas neuroticism and NOP traits
were significantly related to NSS (r of 0.44 and 0.34, respectively).
Multivariate analysis suggested that high NOP traits moderated the
relationship between perceived noise and the report of NSS; that
is, subjects with higher NOP traits reported significantly more NSS
than did subjects low in NOP across the range of perceived loudness
of noise.

Nocebo Response
The nocebo response refers to new or worsening symptoms

produced by negative expectations.98,136 When negatively worded
pretreatment information (“could lead to a slight increase in pain”)
was given to a group of chronic back pain patients, they reported
significantly more pain (r = 0.38) and had worse physical per-
formance (r = 0.36).98 These effect sizes are within the mod-
erate to large ranges and reflect a meaningful adverse effect for
the negative information contributing to the nocebo response. The
effect of providing negative information regarding wind turbines
prior to exposure to infrasound has been experimentally explored.
Crichton et al137 exposed college students to sham and true infra-
sound under high-expectancy (ie, adverse health effects from wind
turbines) and low-expectancy (ie, no adverse health effects) condi-
tions. The high-expectancy group received unfavorable information
from TV and Internet accounts of symptoms associated with wind
farm noise, whereas the low-expectancy group heard experts stat-
ing that wind farms would not cause symptoms. Symptoms were
assessed pre- and postexposure to actual and sham infrasound. The
high-expectancy group reported significantly more symptoms (r =
0.37) and greater symptom intensity (r = 0.37) following both sham
and true infrasound exposure (r = 0.65 and 0.48, respectively). The
effect sizes were similar to those found in medical research on the no-
cebo response. These findings demonstrate that exposing individuals
to negative information can increase symptom reporting immedi-
ately following exposure. The inclusion of information from TV and
the Internet suggests that similar reactions may occur in real-world
settings.

A study by Deignan et al138 analyzed newspaper coverage of
wind turbines in Canada and found that media coverage might con-
tribute to nocebo responses. Newspaper coverage contained fright
factor words like “dread,” “poorly understood by science,” “in-
equitable,” and “inescapable exposure”; the use of “dread” and
“poorly understood by science” had increased from 2007 to 2011.
These results document the use of fright factor words in the popular
coverage of wind turbine debates; exposure to information contain-
ing these words may contribute to nocebo reactions in some people.

Wind turbines, similar to multiple technologies, such as power
lines, cell phone towers, and WiFi signals, among others, have been
associated with clusters of unexplained symptoms. Research sug-
gests that people are increasingly worried about the effect of modern
life (in particular emerging technologies) on their health (modern
health worries [MHW]).140) Modern Health Worries are moderately
correlated with negative affect (r = 0.23) and, like the nocebo re-
sponse, are considered psychogenic in origin. The expansion of wind
turbine energy has been accompanied by substantial positive and neg-

ative publicity that may contribute to MHW and nocebo responses
among some people exposed to this information. Health concerns
have also been raised about the potential of electromagnetic fields
associated with wind turbine operations; however, a recent study
indicated that magnetic fields in the vicinity of wind turbines were
lower than those produced by common household items.140

Chapman et al52 explored the pattern of formal complaints
(health and noise) made in relation to 51 wind farms in Australia
from 1993 to 2012. The authors suggest that their study is a test of the
psychogenic (nocebo or MHW) hypothesis. The findings showed that
very few complaints were formally lodged; only 129 individuals in
Australia formally or publically complained during the time period
studied, and the majority of wind farms had no complaint made
against them. The authors found that complaints increased around
2009 when “wind turbine syndrome” was introduced. On the basis
of these findings, the authors conclude that nocebo effects likely play
an important role in wind farm health complaints. But the authors
do report that the vast majority of complaints (16 out of 18) were
filed by individuals living near large wind farms (r = 0.32). So while
few individuals complain, those who do almost exclusively live near
large wind farms. Nevertheless, it is important to note that filing a
formal or public complaint is a complex sociopolitical action, not
a health-related outcome. Furthermore, analysis of data provided in
Table 2 of the Chapman54 study shows that the strongest predictor
of a formal complaint was the presence of an opposition group in
the area of the wind farm. A review of Table 2 shows that opposition
groups were present in 15 of the 18 sites that filled complaints,
whereas there was only one opposition group in the 33 areas that
did not file a complaint (r = 0.82). Therefore, the relevance of this
study for understanding health effects of wind turbines is limited.
Chapman has also addressed the multitude of reasons why some
Australian home owners may have left their homes and attributed the
decision to wind turbines.54 Gross140 provides a community justice
model designed to counter the potential for nocebo or psychogenic
response to wind farm development. This method was pilot tested
in one community and showed the potential to increase the sense of
fairness for diverse community members. No empirical data were
gathered during the pilot study so the effect of method cannot be
formally evaluated.

Conclusions
Annoyance is a recognized health outcome measure that has

been used in studies of environmental noise for many decades. Noise
levels have been shown to account for only a modest portion of self-
reported annoyance in the context of wind turbines (r = 0.35).4 Noise
sensitivity, a stable psychological trait, contributes equally to expo-
sure in explaining annoyance levels (r = 0.37). Annoyance associated
with wind turbine noise shows a consistent small to medium adverse
effect on self-rated QOL and psychological well-being. Given the
coarseness of measures used in many studies, the magnitude of these
findings are likely attenuated and underestimate the effect of an-
noyance on QOL. Visual effect increases annoyance beyond sound
exposure and noise sensitivity, but at present there is insufficient re-
search to conclude that visual effect operates separately from noise
sensitivity because the two variables are correlated. Wind turbine de-
velopment is subject to the same global psychogenic health worries
and nocebo reactions as other modern technologies.139

Economic benefit mitigates the effect of wind turbine sound;
however, research is needed to clarify the potential confounding
role of (self) selection in this finding. The most powerful multivari-
ate model reviewed accounted for approximately 50% (r = 0.69)
of the variance in reported annoyance, leaving 50% unexplained.
Clearly other relevant factors likely remain unidentified. Neverthe-
less, it is not unusual for there to be a significant percentage of unex-
plained variance in biomedical or social science research. For exam-
ple, a meta-analysis of postoperative pain (a subjective experience),
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covering 48 studies and 23,037 subjects, found that only 54% (r =
0.73) of the variance in pain ratings could be explained by the vari-
ables included in the studies.144 Wind turbine development is subject
to the same global psychogenic health worries and nocebo reactions
as other modern technologies. Therefore, communities, government
agency, and companies would be well advised to adopt an open,
transparent, and engaging process when debating the potential ef-
fect of wind turbine sites. The vast majority of findings reviewed in
this section were correlational and, therefore, do not imply causality,
and that other as of yet unidentified (unmeasured) factors may be
associated with or responsible for these findings.

DISCUSSION
Despite the limitations of available research related to wind

turbines and health, inferences can be drawn from this information, if
used in concert with available scientific evidence from other environ-
mental noise studies, many of which have been reviewed and assessed
for public policy in the WHO’s Nighttime Noise Guidelines.104 A
substantial database on environmental noise studies related to trans-
portation, aviation, and rail has been published.147 Many of these
studies have been used to develop worldwide regulatory noise guide-
lines, such as those of the WHO,104 which have proposed nighttime
noise levels primarily focused on preventing sleep disturbance.

Because sound and its components are the potential health
hazards associated with living near wind turbines, an assessment of
other environmental noise studies can offer a valuable perspective in
assessing health risks for people living near wind turbines. For ex-
ample, one would not expect adverse health effects to occur at lower
noise levels if the same effects do not occur at higher noise levels. In
the studies of other environmental noise sources, noise levels have
been considerably higher than those associated with wind turbines.
Noise differences as broad as 15 dBA (eg, 55 dBA in highways vs 40
dBA from wind turbines) have been regularly reported.147 In settings
where anthropogenic changes are perceived, indirect effects such as
annoyance have been reported, and these must also be considered in
the evaluation of health effects.

We now attempt to address three fundamental questions posed
at the beginning of this review related to potential health implications
of wind turbines.

Is there available scientific evidence to conclude that wind
turbines adversely affect human health? If so, what are the
circumstances associated with such effects and how might
they be prevented?

The epidemiological and experimental literature provides no
convincing or consistent evidence that wind turbine noise is associ-
ated with any well-defined disease outcome. What is suggested by
this literature, however, is that varying proportions of people resid-
ing near wind turbine facilities report annoyance with the turbines
or turbine noise. It has been suggested by some authors of these
studies that this annoyance may contribute to sleep disruption and/or
stress and, therefore, lead to other health consequences. This self-
reported annoyance, however, has not been reported consistently and,
when observed, arises from cross-sectional surveys that inherently
cannot discern whether the wind turbine noise emissions play any
direct causal role. Beyond these methodological limitations, such
results have been associated with other mediating factors (includ-
ing personality and attitudinal characteristics), reverse causation (ie,
disturbed sleep or the presence of a headache increases the per-
ception of and association with wind turbine noise), and personal
incentives (whether economic benefit is available for living near the
turbines).

There are no available cohort or longitudinal studies that can
more definitively address the question about causal links between
wind turbine operations and adverse health effects. Nevertheless,
results from cross-sectional and experimental studies, as well as

studies of other environmental noise sources, can provide valuable
information in assessing risk. On the basis of the published cross-
sectional epidemiological studies, “annoyance” is the main outcome
measure that has been raised in the context of living in the vicinity
of wind turbines. Whether annoyance is an adverse health effect,
however, is disputable. “Annoyance” is not listed in the International
Classification of Diseases (10th edition), although it has been sug-
gested by some that annoyance may lead to stress and to other health
consequences, such as sleep disturbance. This proposed mechanism,
however, has not been demonstrated in studies using methods capable
of elucidating such pathways.

The authors of this review are aware of the Internet sites and
non–peer-reviewed reports, in which some people have described
symptoms that they attribute to living near wind turbines. The quality
of this information, however, is severely limited such that reasonable
assessments cannot be made about direct causal links between the
wind turbines and symptoms reported. For example, inviting only
people who feel they have symptoms because of wind turbines to
participate in surveys and asking people to remember events in the
past in the context of a current concern (ie, postturbine installa-
tion) introduce selection and recall biases, respectively. Such ma-
jor biases compromise the reliability of the information as used in
any rigorous causality assessment. Nonetheless, consistent associa-
tions have been reported between annoyance, sleep disturbance, and
altered QOL among some people living near wind turbines. It is
not possible to properly evaluate causal links of these claims in the
absence of a thorough medical assessment, proper noise studies, and
a valid study approach. The symptoms reported tend to be nonspe-
cific and associated with various other illnesses. Personality factors,
including self-assessed noise sensitivity, attitudes toward wind en-
ergy, and nocebo-like reactions, may play a role in the reporting
of these symptoms. In the absence of thorough medical evaluations
that include a characterization of the noise exposure and a diagnos-
tic medical evaluation, confirmation that the symptoms are due to
living near wind turbines cannot be made with any reliability. In
fact, the use of a proposed case definition that seemed in a journal
not indexed by PubMed can lead to misleading and incorrect assess-
ments of people’s health, if performed in the absence of a thorough
diagnostic evaluation.143 We recommend that people who suspect
that they have symptoms from living near wind turbines undergo a
thorough medical evaluation to identify all potential causes of and
contributors to the symptoms. Attributing symptoms to living near
wind turbines in the absence of a comprehensive medical evaluation
is not medically appropriate. It is in the person’s best interest to be
properly evaluated to ensure that recognized and treatable illnesses
are recognized.

Available scientific evidence does not provide support for any
bona fide–specific illness arising out of living in the vicinity of
wind turbines. Nonetheless, it seems that an array of factors con-
tribute to some proportion of those living in proximity to wind
turbines, reporting some degree of annoyance. The effect of pro-
longed annoyance—regardless of its source or causes—may have
other health consequences, such as increasing stress; however, this
cannot be demonstrated with the existing scientific literature on an-
noyance associated with wind turbine noise or visibility.

Is there available scientific evidence to conclude that psycho-
logical stress, annoyance, and sleep disturbance can occur
as a result of living in proximity to wind turbines? Do these
effects lead to adverse health effects? If so, what are the cir-
cumstances associated with such effects and how might they
be prevented?

Available research is not suitable for assessing causality be-
cause the major epidemiological studies conducted to date have
been cross-sectional, data from which do not allow the evaluation of
the temporal relationship between any observed correlated factors.
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Cross-sectional studies, despite their inherent limitations in assess-
ing causal links, however, have consistently shown that some people
living near wind turbines are more likely to report annoyance than
those living farther away. These same studies have also shown that a
person’s likelihood of reporting annoyance is strongly related to their
attitudes toward wind turbines, the visual aspect of the turbines, and
whether they obtain economic benefit from the turbines. Our review
suggests that these other risk factors play a more significant role than
noise from wind turbines in people reporting annoyance.

The effect of annoyance on a person’s health is likely to vary
considerably, based on various factors. To minimize these reactions,
solutions may include informative discussions with area residents
before developing plans for a wind farm along with open communi-
cations of plans and a trusted approach to responding to questions
and resolving noise-related complaints.

Is there evidence to suggest that specific aspects of wind
turbine sound such as infrasound and low-frequency sound
have unique potential health effects not associated with other
sources of environmental noise?

Both infrasound and low-frequency sound have been raised as
possibly unique health hazards associated with wind turbine opera-
tions. There is no scientific evidence, however, including results from
field measurements of wind turbine–related noise and experimental
studies in which people have been purposely exposed to infrasound,
to support this hypothesis. Measurements of low-frequency sound,
infrasound, tonal sound emission, and amplitude-modulated sound
show that infrasound is emitted by wind turbines, but that the levels
at customary distances to homes are well below audibility thresh-
olds, even at residences where people have reported symptoms that
they attribute to wind turbines. These levels of infrasound—as close
as 300 m from the turbines—are not audible. Moreover, experimen-
tal studies of people exposed to much higher levels of infrasound
than levels measured near wind turbines have not indicated adverse
health effects. Because infrasound is associated more with vibra-
tory effects than high-frequency sound, it has been suggested that
the vibration from infrasound may be contributing to certain physi-
cal sensations described by some people living near wind turbines.
These sensations are difficult to reconcile in light of field studies that
indicated that infrasound at distances more than 300 m for a wind
turbine meet international standards for preventing rattling and other
potential vibratory effects.14

Areas for Further Inquiry
In light of the limitations of available studies for drawing

definitive conclusions and the need to address health-related con-
cerns associated with wind turbines raised by some nearby resi-
dents, each author discussed potential areas of further inquiry to ad-
dress current data gaps. These recommendations primarily address
exposure characterization, health endpoints, and the type of epidemi-
ological study most likely to lead to informative results regarding
potential health effects associated with living near wind turbines.

Noise From Wind Turbines
As with any potential occupational or environmental hazard,

further efforts at exposure characterization, that is, noise and its
components such as infrasound and low-frequency sound, would be
valuable. Ideally, uniform equipment and standardized methods of
measurement can be used to enable comparison with results from
published studies and evaluate adherence to public policy guidelines.

Efforts directed at evaluating models used to predict noise lev-
els from wind turbines—in contrast to actual measured noise levels—
would be valuable and may be helpful in informing and reassuring
residents involved in public discussions related to the development
of wind energy projects. Efforts at fine tuning noise models for ac-
curacy to real-world situations can be reassuring to public health

officials charged with evaluating potential health effects of noise.
The development and the use of reliable and portable noise mea-
suring devices to address components of noise near residences and
evaluating symptoms and compliance with noise guidelines would
be valuable.

Epidemiology
Prospective cohort studies would be most informative for

identifying potential health effects of exposure to wind turbine noise
before and after wind turbines are installed and operating. Ideally,
substantially large populations would be evaluated for baseline health
status, and subsequently part of the population would become ex-
posed to wind turbines and part would remain unexposed, as in an
area where large wind turbine farms are proposed or planned. The
value of such studies is in the avoidance of several forms of bias
such as recall bias, where study participants might, relying on recall,
under- or overreport risk factors or diseases that occurred sometime
in the past. As has been noted by several authors, the level of at-
tention given the topic of wind turbines and possible health effects
in the news and the Internet makes it difficult to study any popu-
lation truly “blinded” to the hypotheses being evaluated. The main
advantage of prospective cohort studies with a pre- and post–wind
turbine component is the direct ability to compare changes in dis-
ease and health status among individuals subsequently exposed to
wind turbine noise with those among similar groups of people not
exposed. These conditions are not readily approximated by any other
study approach. A similar but more complex approach could include
populations about to become exposed to other anthropogenic stim-
uli, such as highways, railroads, commercial centers, or other power
generation sources.

We note that additional cross-sectional studies may not be
capable of contributing meaningfully and in fact might reinforce
biases already seen in many cross-sectional studies and surveys.

Sound and Its Components
Several types of efforts can be undertaken to test hypothe-

ses proposed about inaudible sound being a risk for causing ad-
verse health effects. It would be simple, at least conceptually, to
expose blinded subjects to inaudible sounds, especially in the in-
frasound range, to determine whether they could detect the sounds
or whether they developed any unpleasant symptoms. Ideally, these
studies would use infrasound levels that are close to hearing thresh-
olds and comparable with real-world wind turbine levels at residen-
tial distances. Crichton et al137,149 have begun such studies, finding
that subjects could not detect any difference between infrasound and
sham “exposures.” The infrasound stimulus used, however, was only
40 dB at 5 Hz, more than 60 dB lower than hearing threshold and
lower than levels measured at some residences near wind turbines.

The possibility of adverse effects from inaudible sound could
also be tested in humans or animals in long-term studies. To date,
there seem to be no reports of adverse effects in people exposed to
wind turbine noise that they could never hear (such reports would
require careful controls), nor are any relevant animal studies known
to the authors of this review.

Controlled human exposure studies have been used to gain
insight into the effects of exposure to LFN from wind turbines.
Human volunteers are exposed for a short amount of time under
defined conditions, sometimes following various forms of precon-
ditioning, and different response metrics evaluated. Most of these
studies addressed wind turbine noise annoyance but no direct health
indicator; however, one study addressed visual reaction to the color
of wind turbines in pictures,73 and another evaluated physical symp-
toms in response to wind turbine noise.137,149

Efforts to document a potential effect of infrasound on health
have been unsuccessful, including searches for responses to sound
from cochlear type II afferent neurons or responses to inaudible
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airborne sound from the vestibular system. But in other cases, the
relevant experiments (can inaudible sound cause endolymphatic hy-
drops?) seem not to have been conducted to date. This seemingly
improbable hypothesis, however, could be tested in guinea pigs,
which reliably develops endolymphatic hydrops in response to other
experimental interventions.

Psychological Factors
This review has demonstrated that a complex combination

of noise and personal factors contributes to some people reporting
annoyance in the context of living near wind turbines. Further efforts
at characterizing and understanding these issues can be directed to
improvements in measurement of sound perception, data analysis,
and conceptualization.

We suggest improvements in the quality and standardization
of measurement for important constructs like noise sensitivity and
noise annoyance across studies. We also suggest eliminating the use
of single-item “measures” for primary outcomes.

Data analysis should ideally include effect size measures in
all studies to supplement the significance testing (some significant
differences are small when sample sizes are large). This will help
improve the comparability of findings across studies.

Integrate noise sensitivity, noise annoyance, and QOL into a
broader more comprehensive theory of personality or psychologi-
cal functioning, such as the widely accepted five-factor model of
personality.

SUMMARY
1. Measurements of low-frequency sound, infrasound, tonal sound

emission, and amplitude-modulated sound show that infrasound
is emitted by wind turbines. The levels of infrasound at cus-
tomary distances to homes are typically well below audibility
thresholds.

2. No cohort or case–control studies were located in this updated
review of the peer-reviewed literature. Nevertheless, among the
cross-sectional studies of better quality, no clear or consistent
association is seen between wind turbine noise and any reported
disease or other indicator of harm to human health.

3. Components of wind turbine sound, including infrasound and low-
frequency sound, have not been shown to present unique health
risks to people living near wind turbines.

4. Annoyance associated with living near wind turbines is a com-
plex phenomenon related to personal factors. Noise from turbines
plays a minor role in comparison with other factors in leading
people to report annoyance in the context of wind turbines.
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SUMMARY

Purpose: To determine the potential risk of epileptic sei-

zures from wind turbine shadow flicker under various

meteorologic conditions.

Methods: We extend a previous model to include attenu-

ation of sunlight by the atmosphere using the libradtran

radiative transfer code.

Results: Under conditions in which observers look toward

the horizon with their eyes open we find that there is risk

when the observer is closer than 1.2 times the total tur-

bine height when on land, and 2.8 times the total turbine

height in marine environments, the risk limited by the size

of the image of the sun’s disc on the retina. When looking

at the ground, where the shadow of the blade is cast,

observers are at risk only when at a distance <36 times the

blade width, the risk limited by image contrast. If the

observer views the horizon and closes their eyes, how-

ever, the stimulus size and contrast ratio are epilepto-

genic for solar elevation angles down to approximately 5�.
Discussion: Large turbines rotate at a rate below that at

which the flicker is likely to present a risk, although there

is a risk from smaller turbines that interrupt sunlight

more than three times per second. For the scenarios con-

sidered, we find the risk is negligible at a distance more

than about nine times the maximum height reached by

the turbine blade, a distance similar to that in guidance

from the United Kingdom planning authorities.

KEY WORDS: Photosensitive epilepsy, Flicker, Wind

turbines, Atmospheric scattering of light.

The shadow from the blades of certain wind turbines can
result in changes in retinal illumination at a rate >3 Hz.
Flicker at such frequencies is known to cause epileptic sei-
zures in susceptible people (Binnie et al., 2002). The risk is
known to depend upon (1) the flicker frequency; (2) whether
one or both eyes are stimulated; (3) the area of the retina
receiving stimulation; (4) whether the central or peripheral
retina is stimulated; (5) the amount of the change in light
intensity (modulation depth); (6) the nature of its variation
over time (mark/space fraction); and (7) the spectral compo-
sition of the light. A simple model that takes into account
these parameters has been published (Harding et al., 2008),
but the model fails to consider the atmospheric effects that
reduce the shadow contrast. In the following article, we
extend the earlier model of Harding et al. to include estima-
tion of the effects of atmospheric scattering. The current
view used by United Kingdom planning authorities is
simply that ‘‘Flicker effects have been proven to occur only
within ten rotor diameters of a turbine’’ (Office of the

Deputy Prime Minister, 2004). Therefore, if the turbine has
80-m diameter blades, the potential shadow flicker effect
could be felt up to 800 m from a turbine.

The depth or darkness of the shadow of a turbine blade
will depend on how much of the light comes directly from
the sun and how much comes from elsewhere in the sky
as a result of diffuse radiation. This in turn depends on the
solar elevation (itself a function of latitude, time of day, and
season), and on the amount of aerosols and optically thin
clouds in the atmosphere. If the optical depth of cloud is
sufficient to completely block the direct beam, then there is
no shadow. The greatest contrast will be found when the
atmosphere is clean and cloud free, when the scattering that
leads to diffuse radiation is strongly wavelength dependent.

Although there is a little evidence that long wavelengths
may be more epileptogenic (Parra et al., 2007), the basis for
this is currently uncertain, and insufficient to suggest an
action spectrum different from that for photopic vision.
The variation in photopic luminance (Vk) will, therefore, be
considered.

Method

To determine the risk of seizures from wind turbines
in persons with photosensitive epilepsy we have modeled
the light–dark contrasts of turbine shadows for worst case
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conditions, that is, for a completely cloud-free atmosphere
with the turbine blades rotating in a vertical plane and
directly facing the observer on a line between the observer
and the position of the sun in the sky. The observer is
assumed to be looking straight ahead, so that we consider
the radiation falling on a vertical plane at the location of the
observer’s eye (Fig. 1). We consider the mark/space frac-
tion of the flicker to be within the epileptogenic range for
reasons outlined by Harding et al. (2008).

For each meteorologic case, a determination of the dif-
fuse radiance distribution in the sky, the intensity of the
direct beam, together with the surface reflectivity (albedo)
is required. To this end the libradtran radiative transfer code
has been used (Mayer & Kylling, 2005). The model has
been developed over several years and verified in a variety
of measurement campaigns and, therefore, can be consid-
ered robust and reliable.

In the first instance we model the solar radiation for four
possible atmospheric and ground conditions: a marine aero-
sol with a visibility of 30 km over a water surface, a rural
aerosol also with a visibility of 30 km, an urban aerosol with
a visibility of 10 km, and haze with a visibility of only
5 km. For all the nonmarine model runs, a grass surface was
assumed. Although many of the larger turbines are located
in open areas, the smaller turbines that have a higher and
more epileptogenic flicker frequency are often located on
roof tops. Roof surfaces exhibit a range of albedos; for sim-
plicity we take the combined effect to be broadly similar to
that of grass. The aerosol characteristics were taken from
Shettle (1989) and the albedo for grass from Feister and
Grewe (1995). The equivalent value for water, however,

was simply set at 0.035, due to the complications inherent in
assigning a single Lambertian value for the range of sea
states that could occur.

In many environments, especially urban areas, the pres-
ence of buildings, trees, and other obstructions close to the
observer, as well as clouds close to the horizon, prevents the
sun being viewed close to the horizon. Therefore, the lowest
solar elevation angle modeled was chosen as 2�. Similarly
for an observer looking directly ahead, once the sun is out of
their field of view, the primary stimulus no longer has any
potential to cause epileptic seizures; consequently, the
upper limit is chosen as 40�. The model has been run at
intervals between these two limits.

The output radiance distributions, calculated for wave-
lengths of 380–760 nm at 10 nm intervals, have been
weighted with the CIE 1924 photopic action spectrum
(Wyszecki & Stiles, 1982) to represent the sunlight as
detected by the human eye. These values have then been
converted to irradiances incident on a vertical surface,
representing the observer’s eye.

To incorporate the effect of a turbine blade upon these
received irradiances, we make the assumption that the
radiance in the vicinity of the solar disc is rotationally
symmetric; this simplifies subsequent analysis, as only the
angular width of the blade need be considered, with the
relative position of the turbine axis with respect to the sun
being removed. The contrast function then results from the
blade obscuring the sky and occasionally the sun behind it.

Still considering the observer to be looking toward the
horizon with the turbine in the foreground, we also include
the cortical magnification factor (Drasdo, 1977)—an
expression of the relative density of neurons on the visual
cortex and hence the relative contributions of each part of
the stimulus—to determine the perceived relative intensities
of the direct and diffuse contributions (see Harding et al.,
2008).

Then to find the contrast ratio, that is, the extremum value
of the time varying contrast function, we additionally con-
sider the area of the sun’s disc that is obscured by a blade.
As the observer becomes more distant from the turbine
blade, the blade will obscure a smaller fraction of the direct
beam/sun’s disc. At a certain distance the fraction of the
direct beam obscured as each blade passes in front of the sun
will decrease to the point that the contrast is insufficient to
induce seizures. The threshold Michelson contrast has been
estimated as 5–10%, depending on the dataset used (Harding
& Fylan, 1999; or Wilkins et al., 1980), which equates to a
Weber contrast of 10–18%. In this case we define contrast
in terms of the Weber fraction, as appropriate when the
mark/space ratio is low, and we choose the more risk-averse
figure of 10%. This contrast threshold distance is defined by
the area of the sun obscured by the blade (the threshold
obscuration area) and is, therefore, a function of the relative
contributions of the diffuse and direct components and, in
turn, the state of the atmosphere and the solar elevation.

Figure 1.

Generalized geometry for turbine flicker, showing an observer

in the shadow area. Note the main analysis assumes the obser-

ver and turbine blades are directly facing each other.
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To calculate the threshold obscuration area, we set the
reduction in direct beam intensity due to blade obscuration
equal to the maximum intensity multiplied by the epilepto-
genic contrast threshold (see Fig. 2 for geometry). The max-
imum intensity occurs when the sun is unobscured, and is
given by the sum of the direct and sky contributions. The
intensity is reduced most when the blade lies symmetrically
over the sun, obscuring a fraction aw/as of the direct beam,
where aw is the threshold obscuration area and as is the area
of the solar disc. Rearranging, the threshold area can then be
expressed as follows:

aw ¼
as Rs þR0ð ÞCw

R0

Here Cw is the epileptogenic contrast threshold, Rs is the
relative contribution from the sky, and R0 is the relative
contribution of the sun’s direct beam.

The blade is assumed to be delimited by parallel edges in
the region of interest and lying symmetrically over the sun’s
disc at the time of minimum contrast ratio. Simple geometry
then enables the threshold area to be expressed as an angular
blade width.

Finally, the threshold width in each meteorologic situa-
tion can be converted to find the threshold distance in units
of blade width—this is the distance beyond which the
flicker from the turbine blade is no longer epileptogenic to
an observer because the contrast ratio would fall below
10%. It is, as follows:

d ¼ 0:5 cotðw=2Þ;
where w is the threshold angular blade width.

Results and Discussion

As the aerosol loading of the atmosphere and the solar
elevation angle change, the relative contributions of the dif-
fuse and direct components will alter. In turn, as turbine
blades pass in front of the sun, the fraction of the solar disc
that results in a threshold contrast ratio will vary. When

applying the analysis in the preceding section to the cases
modeled, we obtain the distances at which this threshold is
reached. These are shown in Fig. 3.

It is clear that as the amount of aerosol in the atmosphere
decreases, the direct beam contribution rises and so the
threshold distance increases. Furthermore, when the sun
approaches the horizon for the high visibility (low aerosol)
cases the threshold distance increases to over 1,000 times
the blade width. From atmospheric radiative considerations
alone for each level of aerosol loading, it would be expected
that as the solar elevation angle increases, a corresponding
increase in the threshold distance would also be seen. How-
ever, the direct beam contribution in fact decreases with
increasing solar elevation angle due to the cortical magnifi-
cation factor. It is competition between these two aspects
that results in a peak at 15–20� for the two highest aerosol
cases and at 5� for the low aerosol cases: At lower solar
elevation angles the direct beam is reduced by aerosol
interactions, and at higher elevations its contribution falls
due to the decreasing cortical magnification factor. Further-
more, it can be seen that the differing albedos of grass and

Figure 2.

Geometry showing symbols used in

calculation of threshold distance.
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Figure 3.

Threshold distances corresponding to a threshold contrast

ratio of 10%, as a function of solar elevation angle for sample

aerosol loadings, as described in the text.

Epilepsia ILAE

1148

A. R. D. Smedley et al.

Epilepsia, 51(7):1146–1151, 2010
doi: 10.1111/j.1528-1167.2009.02402.x

Exhibit_DK-2 
Page 231 of 626

Blade, ang~lar - a 

width = w ~ Sun, area - , 
Obscured 
area= aw 

V Observer 

Contrast 
function 

Time . I blade position 

1200 .-----=-
1000 

0 

© 

X 

10 

.,. . .. 

© 

20 [°] 
Solar elevation angle 

30 

 
005173

ADMINISTRATIVE RECORD - Scan 2 - Page 263 of 449

- Page 347 -



water and the different aerosol properties in the two cases,
increase the observed diffuse radiation component for mar-
ine environments, and in turn the threshold distances. It will
also be noted that there is a lower limit reached for high
aerosols—where even when the blade obscures the entire
sun the contrast threshold is not achieved.

Taking the maximum threshold distance allows two
example turbines to be considered. Wind turbines are com-
monly either for large-scale power generation as stand-
alone structures, or for microgeneration, being sited on or
close to the structure requiring electricity. A typical large
2MW turbine has a blade width of approximately 2 m
(although very close to the rotation axis it may be more than
this, and will taper toward the point). The contrast ratio
threshold distance for a clear, low aerosol day would then be
�2 km. For a small turbine the equivalent distance is an
order of magnitude less at 200 m, assuming a blade width of
20 cm.

It should be noted, however, that this does not imply that
there is a risk of seizures wherever the turbine can be seen.
For there to be a risk, the observer still must be within the
shadow zone. For the 2MW turbine example (total height of
120 m), the furthest part of the shadow falls 1,380 m from
the turbine when the sun is 5� above the horizon—less than
the threshold distance in the previous paragraph. Therefore,
in this example the locations on the ground that present a
risk of seizures are determined by the extent of the shadow
and not the contrast ratio threshold. This point suggests that
there are a number of other factors that ought to be consid-
ered. We will discuss these below.

The most pertinent is a direct consideration of the cortical
magnification factor. From Drasdo (1977) and Binnie et al.
(2002), the proportion of patients at risk from a stimulus
subtending a half-angle / can be given as follows:

p ¼ �0:184þ 2:1 1� exp �0:0574/ð Þð Þ

Solving for p = 0, shows that when the stimulus subtends
a half-angle <1.6�, no patients are at risk. In our case the
dominant stimulus is the solar disc, which subtends a total
angle of 0.53�, implying that although the contrast ratio
would appear to be sufficient to cause seizures, the size
of the solar disc stimulus prevents the flicker from being
epileptogenic.

Yet the analysis thus far only includes radiative transfer
in the atmosphere. A further consideration is scattering of
the external stimulus within the eye, before the image
reaches the retina. Following Vos et al. (1976), the intensity
profile of an external point source falling on the fovea
can be expressed as a power law for angles >1¢. In general
50% of the source intensity falls within 2¢ and 3¢, and 90%
within 1�.

We take the edge of the sun’s image to be the radius at
which the solar entopic stray light is 10% of the steady
diffuse background, the same limit used by de Wit and
Coppens (2003). (Entopic scatter of the circumsolar

radiation itself has not been included, although it is noted it
would increase the calculated values slightly—the direct
beam contribution will always be much larger.) To deter-
mine this radius, the ratio of the direct beam irradiance to
the circumsolar value was calculated and multiplied by 0.1.
The apparent radius of the solar disc was then found from
the tables provided in Vos et al. (1976). This is plotted in
Fig. 4, alongside the epileptogenic threshold radius of 1.6�.
It is clear that for most combinations of solar elevation angle
and aerosol loading, the minimum epileptogenic stimulus
size is not reached. Moreover, even with the lowest aerosol
loadings this threshold is not reached when the sun is <20�
above the horizon. For land-based turbines the equivalent
solar elevation angle is 40�—the upper limit of our analysis.
The implications of this result are as follows: considering
the contrast ratio threshold alone would lead to the con-
clusion that wind turbines can cause seizures up to 2 km
distant; including the apparent stimulus size limits the solar
elevation angle to 40� on land, and hence the maximum
‘‘at risk’’ distance is reduced to 1.2 times (cot 40�) the total
turbine height (hub height plus blade length). For marine
environments the ‘‘at risk’’ distance is 2.8 (cot 20�) times
the total turbine height. In each case the total turbine height
includes the height of any structure that the turbine might be
situated on, for example. a building.

The weather conditions modeled so far have neglected
the presence of clouds or other nonhorizontally homoge-
nous components. The minimum stimulus size required for
patients to be ‘‘at risk,’’ however, allows us to consider a
more general meteorologic situation with a bright patch in
the sky of angular width 1.6�. Assuming the other epilepto-
genic conditions are met, this defines an angular blade width
that would be required to cover and uncover the stimulus.
The threshold distance in this case is equal to 35.8 multiples

Figure 4.

Apparent solar angular radius due to entopic (intraocular)

scattering. The perceived edge is defined as the radius from

the center of the retinal image of the sun at which intraocular

scattering has reduced the sun’s image intensity to 10% of the

diffuse background intensity.
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of the blade width. For the large turbine example this would
be approximately 70 m from the blades, and for a small
turbine, approximately 7 m.

Up until this point we have assumed that the observer is
directly facing the turbine looking toward the horizon. This
would seem to be a reasonable first assumption; it also sim-
plified calculations and caused the sun to be within the
observer’s field of view. That said, except during high aero-
sol loadings of the atmosphere, it is the body’s natural
response to look away from the sun, or to partially close the
eyelids (Sliney, 2005). Indeed it is widely recommended not
to view the sun directly because of the risk of retinal dam-
age. Without the solar disc in the observer’s field of view
though, the analysis described in the preceding text does not
hold.

There are some other possible scenarios in which turbine
flicker of the direct solar beam could be epileptogenic. First
where the observer stands in the shadow zone, but views
the ground, and second, an observer viewing the turbine
blades against the sky. The analysis was similar to that for
the main case, but the threshold distances were found to be
about two orders of magnitude smaller, with a maximum of
36 times the blade diameter for the marine case. The rural,
urban, and haze aerosols all had lower threshold distances.
This corresponds to a distance at which the general public
would normally be excluded on other safety grounds, and
may be less than the distance from the blades to the
ground.

If rather than looking down, an observer chooses to close
their eyes, but remains with their gaze directed ahead, the
threshold distance is as in Fig. 5. The effect of the eyelids is
to reduce the transmission of the incoming radiation (in the
present study this is assumed to be wavelength indepen-
dent), and to scatter radiation from all directions equally.
The diffuse contribution is, therefore, the mean irradiance
within a 40� field of view, and does not include any weight-
ing by the cortical magnification factor because the entire

retina is then equally stimulated. From Fig. 5 we see that the
contrast ratio threshold distance now increases with increas-
ing solar elevation angle. For the lowest aerosol loadings
this is from <600 at 5� to almost 1,100 at 40�. As discussed
earlier for the main ‘‘eyes open’’ case, the limiting factor for
marine and rural aerosols for these solar elevations is then
the distance from the turbine that a shadow falls, rather than
the contrast ratio threshold distance. For the 2MW turbine
example with solar elevations of 5� and lower, we find that
the contrast ratio threshold distance is the limiting factor.
For example a 120 m total tower height, with blades 2 m
wide, the contrast ratio threshold distance at 5� is 1,070 m
on land—approximately nine times the total turbine height.
The shadow, however, would extend to 1,370 m. As the sun
drops lower, the contrast ratio threshold will fall and the
blades’ shadow will be cast outside this limit, therefore, not
creating a risk of seizure. This worst case scenario is in line
with the rule of thumb used by United Kingdom planning
authorities to determine the ‘‘at risk’’ region—10 times the
total turbine height (Harding et al., 2008).

The final contributing aspect to epileptogenic flicker is its
frequency. Modern turbines are designed to have a constant
tip speed ratio:

k ¼ 4p
n
;

where n is the number of blades. The most efficient three-
bladed turbines may have tip speed ratios of 6–7. The fre-
quency at which the blades pass in front of a point on the
sky can then be expressed as:

m ¼ ku � n

2p l
¼ 2u

l
;

where u is the wind speed, and l is the blade length. This is
in accordance with the fact that microgeneration turbines
rotate faster than their larger counterparts. However, for the
2MW example, with 40 m blades, a wind speed of 20 m/s is
required before the flicker frequency reaches 1 Hz, which is
close to the typical storm protection shutdown speed of
25 m/s (BWEA 2005). Turbines of this size, therefore,
rotate slower than 3 Hz, the lower frequency threshold at
which seizures are a potential risk. For smaller turbines the
flicker frequency is expected to be a factor of 10 or more
higher, and, therefore, would have the potential to affect a
larger proportion of people with epilepsy. For typical mean
wind speeds of 5 m/s and a blade length of 2 m, the flicker
frequency would be 5 Hz, although helical designs rotate at
higher speeds and have shadows that move against one
another, increasing the rate of shadow flicker.

Conclusions

This study has used a robust and accurate radiative
transfer model to predict the radiance distribution and direct
solar beam intensity for a range of clear sky atmospheric

Figure 5.

Threshold distances as a function of solar elevation angle for

sample aerosol loadings and an observer with closed eyelids.

Epilepsia ILAE
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conditions. It is found that for a low aerosol loading of the
atmosphere the epileptogenic contrast threshold of 10% is
met for all locations where the turbine blade shadow would
be reasonably expected to fall. However, with the eyes open,
the apparent angular radius of the stimulus falls below the
limit where any patients would be at risk (1.6�) for solar ele-
vation angles of 40� or less (on land) and 20� or less (marine
environments). Therefore, we envisage no epileptogenic
risk to observers looking toward the horizon except when
standing closer than 1.2 times the total turbine height on
land, or situated closer than 2.8 times the total turbine height
in marine environments.

Furthermore, considering the tendency of patients to look
away from the sun as a natural reaction, but for those who
find themselves in the shadow zone, we find that for an
observer viewing the ground the contrast is almost always
insufficient to be epileptogenic. If, alternatively, the obser-
ver maintains their gaze, but closes their eyes, then both the
contrast ratio threshold distance and stimulus size condi-
tions are sufficient down to a solar elevation angle of 5�,
for the example discussed. In other words, when solar ele-
vation is greater than 5�, there is epileptogenic potential
where the blade’s shadow falls. Below this angle the con-
trast ratio threshold limits the ‘‘at risk’’ region to <535
times the blade width on land. For the large turbine exam-
ple used this corresponds to nine times the total tower
height. It is noted that eye closure is a natural immediate
protective action when exposed to flicker, and so has the
unfortunate consequence of exacerbating its adverse effect
in this context. A more effective strategy would be to cover
one eye with the palm of a hand as monocular stimulation
is known to be generally far less epileptogenic (Harding &
Jeavons, 1995), or for the observer to simply avert their
gaze toward the ground.

Finally we find that if flicker of sufficient contrast and
stimulus size were produced by turbines, the larger turbines
are unlikely to rotate fast enough to induce seizures. How-
ever, the rotation frequency increases inversely with the
blade length, making small microgeneration turbines more
likely to induce seizures, should the combined intensity and
stimulus size conditions be met.
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EXECUTIVE SUMMARY 

 
The term „shadow flicker‟ refers to the flickering effect caused when rotating wind turbine blades 
periodically cast shadows over neighbouring properties as they turn, through constrained openings 
such as windows.  The magnitude of the shadow flicker varies both spatially and temporally and 
depends on a number of environmental conditions coinciding at any particular point in time, 
including, the position and height of the sun, wind speed, direction, cloudiness, and position of the 
turbine to a sensitive receptor. 
 
Planning guidance in the UK requires developers to investigate the impact of shadow flicker, but 
does not specify methodologies.   
 
To enable the Department of Energy and Climate Change to advance current understanding of the 
shadow flicker effect, this report details the findings of an investigation into the phenomenon of 
shadow flicker.  This report presents an update of the evidence base which has been produced by 
carrying out a thorough review of international guidance on shadow flicker, an academic literature 
review and by investigating current assessment methodologies employed by developers and case 
study evidence.  Consultation (by means of a questionnaire) was carried out with stakeholders in the 
UK onshore wind farm industry including developers, consultants and Local Planning Authorities 
(LPAs).  This exercise was used to gauge their opinion and operational experience with shadow 
flicker, current guidance and the mitigation strategies that can and have been implemented. 
 
All of the data collated was analysed and a number of conclusions were drawn.  The current 
recommendation in Companion Guide to PPS22 (2004) to assess shadow flicker impacts within 130 
degrees either side of north is considered acceptable, as is the 10 rotor diameter distance from the 
nearest property.  It is acknowledged that this is a „one size fits all‟ approach that may not be 
suitable depending on the latitude of the site. 
  
It has become clear that there is no standard methodology that all developers employ when 
introducing environmental and site specific data into shadow flicker assessments. The three key 
computer models used by the industry are WindPro, WindFarm and Windfarmer.  It has been shown 
that the outputs of these packages do not have significant differences between them.  All computer 
model assessment methods use a „worst case scenario‟ approach and don‟t consider „realistic‟ 
factors such as wind speed and cloud cover which can reduce the duration of the shadow flicker 
impact. 
 
On health effects and nuisance of the shadow flicker effect, it is considered that the frequency of the 
flickering caused by the wind turbine rotation is such that it should not cause a significant risk to 
health.  Mitigation measures which have been employed to operational wind farms such as turbine 
shut down strategies, have proved very successful, to the extent that shadow flicker can not be 
considered to be a major issue in the UK. 
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1 INTRODUCTION 

The term „shadow flicker‟ refers to the flickering effect caused when rotating wind turbine 
blades periodically cast a shadow over neighbouring properties as they turn, through 
constrained openings such as windows.  The magnitude of the shadow flicker effect varies 
both spatially and temporally, and depends on a number of environmental conditions 
coinciding at any particular point in time, including, the position and height of the sun, wind 
speed and direction, cloudiness, and proximity of the turbine to a sensitive receptor. 
 
Planning guidance in the UK (Companion Guide to PPS22, PAN45, Best Practice Guidance 
to PPS18 and the Welsh Planning Guidelines) requires developers to investigate the impact 
of shadow flicker, but does not specify methodologies. 
 
To enable DECC to advance current understanding of the shadow flicker effect; this report 
details the findings of an investigation into the phenomenon of shadow flicker.  In this report, 
Parsons Brinckerhoff (PB) update the evidence base by providing a review of planning 
guidance on shadow flicker from across the world, academic literature on the subject of 
shadow flicker, and has investigated assessment methodologies and case study evidence.  
Parsons Brinckerhoff has also consulted with stakeholders in the industry – both developers 
and local planning authorities (LPAs) through a questionnaire to gauge their opinion and 
operational experience with regard to shadow flicker, current guidance and the mitigation 
strategies that can be implemented. 
 
Following this introduction (Section 1), the report is structured in six key sections: 
 

 Section 2 provides a review of guidance on shadow flicker from countries across 
the world.   

 Section 3 is an academic literature review, investigating the current understanding 
of the phenomenon.   

 Section 4 examines software models which are available to allow the assessment 
of shadow flicker on proposed developments.   

 Section 5 includes information from the respondents to the questionnaires which 
were sent to developers and planning authorities.   

 Section 6 collates information from the preceding four sections and provides a 
discussion of ten key themes and issues that were identified during the study.   

 Section 7 provides conclusions. 
 
This report focuses solely on shadow flicker effect caused by large scale onshore 
(approximately 500kW upwards) wind turbines and does not consider the distinct shadow 
flicker conditions and impacts that are related to shadow flicker from small and micro scale 
(also known as „domestic‟ scale, 0.3-10 kW) wind turbines. 
 
Another distinct phenomenon that is often confused with „shadow flicker effect‟ is that of 
„strobe effect‟.  Strobe effect refers to the flashing of reflected light which can be visible from 
some distance.  This phenomenon has largely been ameliorated by the development of an 
industry standard (light grey semi-matt) for the colour and surface finish of turbine blades, as 
proposed by the ETSU (1999) study and the Companion Guide to PPS22 (2004).  As a point 
of clarity, PB has disregarded the „strobe effect‟ phenomenon from this study. 
 
Throughout this report, we have included relevant quotations taken from our questionnaire 
responses.  Whilst these are used in context, these quotations do not necessarily represent 
the views of Parsons Brinckerhoff or DECC and are the opinions of the questionnaire 
respondent.  Please bear this in mind when reading the report.  
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2 CURRENT GUIDANCE 

2.1 Introduction 

This section reviews available guidance and policy literature relating to the shadow flicker 
phenomenon.  This section is split into: 

 
 Section 2.2 – United Kingdom Guidance 
 Section 2.3 – International Guidance 
 Section 2.4 – Non-governmental Organisation Guidance 

 
For each country, relevant shadow flicker literature is detailed.  For each guidance / policy 
document, the following information is included: 

 
 Publication details – eg. report title, institution / author name, date, etc; 
 A short synopsis detailing the salient issues raised and mitigation measures 

proposed; 
 Extracts of the relevant text from the original document. 

 
For the international guidance, the following European countries with an installed onshore 
wind energy capacity of greater than 100 megawatts (EWEA, 2010) were short listed and 
each country‟s national wind energy association was contacted for information on country 
specific shadow flicker guidance or regulatory policy.   

 
Austria Finland Italy 
Belgium France Netherlands 
Bulgaria Germany Poland 
Czech Republic Greece Portugal 
Denmark Hungary Spain 
Estonia Ireland Sweden 

2.2 United Kingdom Guidance 

2.2.1 England 

2.2.1.1 Planning for Renewable Energy – A Companion Guide to PPS22 
Office of the Deputy Prime Minister (2004) 

Synopsis 
 
Companion Guide to PPS22 makes the following statements: 

 Shadow flicker only occurs inside buildings where the flicker appears through a 
narrow window opening; 

 Only properties within 130 degrees either side of north of the turbines can be 
affected at UK latitudes; 

 Shadow flicker has been proven to occur only within ten rotor diameters of a 
turbine position; 

 Less than 5% of photo-sensitive epileptics are sensitive to the lowest frequencies 
of 2.5-3 Hz; the remainder being sensitive to higher frequencies; and 

 A fast-moving three-bladed wind turbine will give rise to the highest levels of flicker 
frequency of well below 2 Hz.  The new generation of wind turbines is known to 
operate at levels below 1 Hz. 
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Relevant text 
 

“It [shadow flicker] only occurs inside buildings where the flicker appears through a 
narrow window opening.  The seasonal duration of this effect can be calculated from the 
geometry of the machine and the latitude of the site.  Although problems caused by 
shadow flicker are rare, for sites where existing development may be subject to this 
problem, applicants for planning permission for wind turbine installations should provide 
an analysis to quantify the effect.  A single window in a single building is likely to be 
affected for a few minutes at certain times of the day during short periods of the year. 
The likelihood of this occurring and the duration of such an effect depends upon: 

 the direction of the residence relative to the turbine(s); 

 the distance from the turbine(s); 

 the turbine hub-height and rotor diameter; 

 the time of year; 

 the proportion of day-light hours in which the turbines operate; 

 the frequency of bright sunshine and cloudless skies (particularly at low elevations 
above the horizon); and, 

 the prevailing wind direction.” (Page 176) 
 

“Only properties within 130 degrees either side of north, relative to the turbines can be 
affected at these latitudes in the UK – turbines do not cast long shadows on their 
southern side.” (Page 177) 

 
“The further the observer is from the turbine the less pronounced the effect will be. There 
are several reasons for this: 

 there are fewer times when the sun is low enough to cast a long shadow; 

 when the sun is low it is more likely to be obscured by either cloud on the horizon 
or intervening buildings and vegetation; and, 

 the centre of the rotor‟s shadow passes more quickly over the land reducing the 
duration of the effect.” (Page 177) 

 
“At distance, the blades do not cover the sun but only partly mask it, substantially 
weakening the shadow. This effect occurs first with the shadow from the blade tip, the 
tips being thinner in section than the rest of the blade. The shadows from the tips extend 
the furthest and so only a very weak effect is observed at distance from the turbines.” 
(Page 177) 
 
“Shadow flicker can be mitigated by siting wind turbines at sufficient distance from 
residences likely to be affected.  Flicker effects have been proven to occur only within ten 
rotor diameters of a turbine.  Therefore if the turbine has 80 m diameter blades, the 
potential shadow flicker effect could be felt up to 800 m from a turbine.” (Page 177) 
 
“Around 0.5 % of the population is epileptic and of these around 5 % are photo-sensitive.  
Of photo-sensitive epileptics less than 5 % are sensitive to lowest frequencies of 2.5 – 
3 Hz, the remainder are sensitive only to higher frequencies.  The flicker caused by wind 
turbines is equal to the blade passing frequency.  A fast-moving three-bladed machine 
will give rise to the highest levels of flicker frequency. These levels are well below 2 Hz. 
The new generation of wind turbines is known to operate at levels below 1 Hz.” 
(Page 177) 
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2.2.1.2 Onshore Wind Energy Planning Conditions Guidance Note, 
Renewables Advisory Board and BERR (2007) 

Synopsis 
 

This document provides guidance to Local Planning Authorities and other stakeholders on 
preparing planning conditions for onshore wind energy developments.   
 
The document states that only dwellings within 130 degrees either side of north relative to a 
turbine can be affected and the shadow can be experienced only within 10 rotor diameters 
of the wind farm. 
 
Shadow flicker is more likely to be relevant when considering potential effects on residential 
amenity than on health effects. 
 
It is worth noting that this document states that where wind turbines lie within the 
geographical range which may be affected by shadow flicker, it will not be possible to 
determine whether or not shadow flicker effects will actually be felt until an assessment has 
been made of window widths, the uses of the rooms with potentially affected windows and 
the effects of intervening topography and other vegetation.  Therefore, the document 
proposes that local ameliorating factors are taken into account when preparing a shadow 
flicker report. 
 
If shadow flicker is determined to have a potentially significant impact, then a Local Planning 
Authority may wish to impose the following planning condition: 
 

“The operation of the turbines shall take place in accordance with the approved shadow 
flicker mitigation protocol unless the Local Planning Authority gives its prior written 
consent to any variation.” 

 
Relevant text 

 
“When blades rotate and the shadow passes a narrow window then a person within that 
room may perceive that the shadow appears to flick on and off; this effect is known as 
shadow flicker.  It occurs only within buildings where the shadow appears through a 
narrow window opening. Only dwellings within 130 degrees either side of north relative to 
a turbine can be affected and the shadow can be experienced only within 10 rotor 
diameters of the wind farm.” (Page 22) 

 
“The operating frequency of a wind turbine will be relevant in determining whether or not 
shadow flicker can cause health effects in human beings.  The National Society for 
Epilepsy advises that only 3.5 % of the 1 in 200 people in the UK who have epilepsy 
suffer from photosensitive epilepsy.  The frequency at which photosensitive epilepsy may 
be triggered varies from person to person but generally it is between 2.5 and 30 flashes 
per second (hertz). Most commercial wind turbines in the UK rotate much more slowly 
than this, at between 0.3 and 1.0 hertz.  Therefore, health effects arising from shadow 
flicker will not have the potential to occur unless the operating frequency of a particular 
turbine is between 2.5 and 30 hertz and all other pre-conditions for shadow flicker effects 
to occur exist.” (Page 22) 

 
“Shadow flicker is therefore more likely to be relevant in considering the potential effects 
on residential amenity.  Where wind turbines lie within the geographical range which may 
be affected by shadow flicker it will not be possible to determine whether or not shadow 
flicker effects will actually be felt until an assessment has been made of window widths, 
the uses of the rooms with potentially affected windows and the effects of intervening 
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topography and other vegetation.  Where it has been predicted that shadow flicker 
effects may occur in theory, a local planning authority may consider it appropriate to 
impose a planning condition to provide that wind turbines should operate in accordance 
with a shadow flicker mitigation scheme which shall be submitted to and approved by the 
Local Planning Authority prior to the operation of any wind turbine unless a survey 
carried out on behalf of the developer in accordance with a methodology approved in 
advance by the local planning authority confirms that shadow flicker effects would not be 
experienced within habitable rooms within any dwelling.” (Page 22) 

 
“Sample Condition:  The operation of the turbines shall take place in accordance with the 
approved shadow flicker mitigation protocol unless the Local Planning Authority gives its 
prior written consent to any variation.” (Page 22) 

  
2.2.2 Northern Ireland 

In Northern Ireland, wind farm planning decisions are overseen by the National Planning 
Service rather than local councils. 

2.2.2.1 Best Practice Guidance to Planning Policy Statement 18 ‘Renewable Energy’, 
Northern Ireland Department of the Environment (2009) 

Synopsis 
 

Best Practice Guidance to Planning Policy Statement 18 makes the following statements: 
 Shadow flicker only occurs inside buildings where the flicker appears through a 

narrow window opening; 
 Only properties within 130 degrees either side of north of the turbines can be 

affected at UK latitudes; 
 The potential for shadow flicker at distances greater than ten rotor diameters from 

a turbine position is very low; 
 

The document also recommends that shadow flicker at offices and dwellings within 500 m of 
a turbine position should not exceed 30 hours per year or 30 minutes per day, quoting a 
survey undertaken by Predac, a European Union sponsored organisation that promotes best 
practice in energy use and supply. 
 
In addition, the guidance proposes that developers should quantify the shadow flicker effect, 
and implement measures to ameliorate the impact, such as by turning off a particular turbine 
at certain times. 

 
Relevant text 

 
“It [shadow flicker] only occurs inside buildings where the flicker appears through a 
narrow window opening. A single window in a single building is likely to be affected for a 
few minutes at certain times of the day during short periods of the year. The likelihood of 
this occurring and the duration of such an effect depends upon:  

 the direction of the residence relative to the turbine(s);  

 the distance from the turbine(s);  

 the turbine hub-height and rotor diameter;  

 the time of year;  

 the proportion of day-light hours in which the turbines operate;  

 the frequency of bright sunshine and cloudless skies (particularly at low elevations 
above the horizon); and,  

 the prevailing wind direction.” (Page 28) 
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“Shadow flicker generally only occurs in relative proximity to sites and has only been 
recorded occasionally at one site in the UK. Only properties within 130 degrees either 
side of north, relative to the turbines can be affected at these latitudes in the UK – 
turbines do not cast long shadows on their southern side.” (Page 28) 

  
“The further the observer is from the turbine the less pronounced the effect will be. There 
are several reasons for this:  

 there are fewer times when the sun is low enough to cast a long shadow;  

 when the sun is low it is more likely to be obscured by either cloud on the horizon 
or intervening buildings and vegetation; and,  

 the centre of the rotor‟s shadow passes more quickly over the land reducing the 
duration of the effect.” (Page 28) 

  
“At distance, the blades do not cover the sun but only partly mask it, substantially 
weakening the shadow. This effect occurs first with the shadow from the blade tip, the 
tips being thinner in section than the rest of the blade. The shadows from the tips extend 
the furthest and so only a very weak effect is observed at distance from the turbines.” 
(Page 28) 

  
“Problems caused by shadow flicker are rare. At distances greater than 10 rotor 
diameters from a turbine, the potential for shadow flicker is very low. The seasonal 
duration of this effect can be calculated from the geometry of the machine and the 
latitude of the site. Where shadow flicker could be a problem, developers should provide 
calculations to quantify the effect and where appropriate take measures to prevent or 
ameliorate the potential effect, such as by turning off a particular turbine at certain times.” 
(Page 29) 

  
“Careful site selection, design and planning, and good use of relevant software, can help 
avoid the possibility of shadow flicker in the first instance. It is recommended that shadow 
flicker at neighbouring offices and dwellings within 500m should not exceed 30 hours per 
year or 30 minutes per day3.” (Page 29) 

  
2.2.3 Wales 

In Wales, planning policy and guidance is prepared by the Welsh Assembly Government.   

2.2.3.1 Practice Guidance – Planning Implications of Renewable and Low Carbon Energy, 
Planning Division – Welsh Assembly Government (2010) 

Synopsis 
 

This Welsh guidance document proposes the following mitigation strategies for shadow 
flicker: careful site design; turbine shut down; installation of blinds and landscaping (tree / 
shrub planting) at affected residential properties. 

 
Relevant text 

 
“Shadow flicker can occur when the sun passes behind the rotors of a wind turbine, 
which casts a shadow over neighbouring properties that flicks on and off as the blades 
rotate. However, this only occurs under particular circumstances and lasts only for a few 
hours per day. Shadow flicker can cause a disturbance for affected residents of nearby 
properties and can have potentially harmful impacts on sufferers of photo-sensitive 
epilepsy. These potential impacts can be mitigated by micrositing turbines as far as 
practically possible from residential properties and through the use of technological fixes 
such as the shutting down of turbines during periods of predicted shadow flicker. The use 
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of blinds at residential properties or tree/shrub planting to screen shadow flicker can also 
help minimise potential impacts.” (Page 25) 
 

Generating Your Own Energy. Wind: A Planning Guide for Householders, 
Communities and Businesses. 
Welsh Assembly Government (2010) 

Synopsis 
 
This guidance document proposes two mitigation strategies - careful site design and 
introducing vegetation screening, 

 
Relevant text 

 
“Site and position the turbine to avoid shadow flicker (where possible).” (Page 6) 
 
“Screen shadow flicker impacts using planting.” (Page 6) 

 
2.2.4 Scotland 

2.2.4.1 Planning Advice Note (PAN) 45: Renewable Energy Technologies 
Scottish Executive (2002) 

Synopsis 
 

Scottish guidance on shadow flicker is given in PAN45.  The following statements are made: 
 

 Shadow flicker only occurs inside buildings where the flicker appears through a 
narrow window opening; 

 A general rule of ten rotor diameters should be used for separation distance from a 
turbine position to a dwelling. 

 
Relevant text 

“It [shadow flicker] occurs only within buildings where the flicker appears through a 
narrow window opening.  The seasonal duration of this effect can be calculated from 
the geometry of the machine and the latitude of the potential site.  Where this could 
be a problem, developers should provide calculations to quantify the effect.  In most 
cases however, where separation is provided between wind turbines and nearby 
dwellings (as a general rule 10 rotor diameters), “shadow flicker” should not be a 
problem.” (Paragraph 64) 

 

2.3 International Guidance 

2.3.1 Spain 

PB contacted the Spanish Wind Energy Association to obtain information on shadow flicker 
guidance.  A translation of the response received is below: 

 
“In Spain, shadow flicker is not included in the planning requirements at present.  As 
wind farms in Spain tend to be located very far away from any populated settlement, no 
complaints have been registered and no standard practice has been implemented.”  
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2.3.2 Ireland 

2.3.2.1 Planning Guidelines  
Department of Environment, Heritage and Local Government (Undated) 

Synopsis 
 
The Irish Planning Guidelines document makes the following statements: 

 It is recommended that shadow flicker at offices and dwellings within 500 m of a 
turbine should not exceed 30 hours per year or 30 minutes per day; 

 At distances greater than 10 rotor diameters from a turbine, the potential for 
shadow flicker is very low; 

 Careful site design and turbine shut down are proposed as mitigation measures. 
 

Relevant text  
 

“Shadow flicker only occurs in certain specific combined circumstances, such as when: 
The sun is shining and is at a low angle (after dawn and before sunset), and 
The turbine is directly between the sun and the affected property, and 
There is enough wind energy to ensure that the turbine blades are moving.” (Page 33) 
 
“Careful site selection, design and planning, and good use of relevant software can help 
avoid the possibility of shadow flicker in the first instance.  It is recommended that 
shadow flicker at neighbouring offices and dwellings within 500m should not exceed 
30 hours per year or 30 minutes per day [Predac*]” (Page 33) 
 
“At distances greater than 10 rotor diameters from a turbine, the potential for shadow 
flicker is very low.  Where shadow flicker could be a problem, developers should provide 
calculations to quantify the effect and where appropriate take measures to prevent or 
ameliorate the potential effect, such as by turning off a particular turbine at certain times.” 
(Page 33) 
 
*The shadow flicker recommendations are based on the survey by Predac, a European 
Union sponsored organisation promoting best practice at energy use and supply which 
draws on experience from Belgium, Denmark, France, the Netherlands and Germany. 

 

2.3.2.2 Best Practice Guidelines for the Irish Wind Energy Industry 
Irish Wind Energy Association and Sustainable Energy Ireland (2008) 

Synopsis 
 

This document suggests that it is reasonable to take into account ambient environmental 
conditions (such as wind direction and general climate) to modify the astronomical worst 
case scenario calculations. 
 
Two mitigation options are recommended – turbine shut down and provision of screening 
measures. 

 
In addition, the document states that the ‟10 x rotor diameter‟ rule is normally sufficient for 
EIA purposes.  

 
Relevant text 
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“Calculations for shadow flicker modelling generally assume 100% sunshine conditions. 
It is reasonable in Ireland‟s climate to modify these figures. Some attention can also be 
given to the wind rose. If winds rarely come from the sectors which would give rise to the 
greatest shadow flicker effects on a dwelling, this can be taken into account.” (Page 24) 
 
“Where shadow flicker is anticipated to lead to potential problems, measures can be 
implemented to mitigate these effects. Wind turbine control software is available, which 
can turn the relevant turbine off at these times. The developer may wish to consider the 
economic impact of use of this mechanism. Other mitigation measures could include the 
provision of screening measures, where this is acceptable to the relevant householder.” 
(Page 24) 
 
“The assessment of potentially sensitive locations or receptors within a distance of ten 
rotor diameters from proposed turbine locations will normally be suitable for EIA 
purposes. A guideline of not more than 30 hours of shadow flicker per year is suggested 
for dwellings.” (Page 25) 

 
2.3.3 Germany 

2.3.3.1 Notes on the Identification and Evaluation of the Optical Emissions of Wind Turbines, 
States Committee for Pollution Control – Nordrhein-Westfalen (2002) 

Synopsis 
 
This document provides a clear set of criteria for an astronomic worst case scenario.  
German guidance sets strict limits on the levels of acceptable shadow flicker effect, using 
two methods: 

 An astronomic worst case scenario limited to a maximum of 30 hours per year or 
30 minutes on the worst affected day; and 

 A realistic scenario including meteorological parameters limited to a maximum of 8 
hours per year. 

 
If the above limits are exceeded, then mitigation measures should be implemented.  The 
document makes particular reference to adopting a planning condition for automatic turbine 
shut-down timers, which use radiation or illumination sensors. 
 
The following strict criteria are provided to define the astronomic worst case and realistic 
shadow flicker scenarios: 

 There is continual sunshine and permanently cloudless skies from sunrise to 
sunset 

 There is sufficient wind for continually rotating turbine blades 
 Rotor is perpendicular to the incident direction of the sunlight  
 Sun angles less than 3 degrees above the horizon level are disregarded (due to 

likelihood for vegetation and building screening) 
 Distances between the rotor plane and the tower axis are negligible.   
 Light refraction in the atmosphere is not considered. 

 
The German guidance does not specifically refer to a distance limit for shadow flicker 
assessments.  However, there is reference to a point where the contrast between shadow 
and ambient conditions are so low that the impact is excluded from assessment. 
 
The 30 minutes per day rule for shadow flicker at any given receptor is based on a 
psychology academic survey by the University of Kiel (Pohl et al 2000).  
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This document also provides an example case study demonstrating how shadow flicker 
should be calculated.  The methodology sets the indoor reference height at the centre of a 
receptor window, and a reference height of 2m above ground level if measured outside.  
This case study can be found in Appendix 1.  
 
Relevant text 

 
Please note – this text is a translation and is not quoted verbatim.  Some elements of the 
translation may not reflect the exact wording of the original documents. 

 
Scientific research [no reference given in text] has demonstrated experience that optical 
emissions in the form of periodic shadows can result in considerable harassment effects. 
 
Technical measurements and limits on the time of operation are based on WEA 
guidance.  Turbine shut down is only considered in cases where the operation is an 
endangerment to life or health, or will result in significant damage.   
 
Astronomically maximum shading time (worst case) is the theoretical time when the sun 
is during the entire period between sunrise and sunset passing through a cloudless sky 
and the rotor surface is perpendicular to the solar radiation, and the wind turbine is in 
operation. 
 
Actual shading time is the realistic estimate of accumulated exposure to periodic 
shadows.  If the irradiance of the direct solar radiation in the direction normal to the 
incident plane is more than 120 W/m

2
, then sunshine and shadows are acceptable.   

 
Relevant emission figures that could occur are defined by ambient weather conditions.  
The effect of predicted periodic shadow is not considered a significant nuisance if the 
cumulative astronomical maximum loading at a reference height of 2m above ground 
level does not exceed 30 hours per calendar year and is not greater than 30 minutes per 
calendar day.   
 
If the time values for the astronomical maximum shading are exceeded, there are 
technical measures that can be considered to impose time-limit restrictions on the 
operation of the wind turbine.  An automatic switching unit, with radiation or illumination 
sensors, which record the specific meteorological situation can allow terms and 
conditions agreed for shadow flicker time limits to be achieved.  Since the value of 30 
hours per calendar year was developed using the astronomical maximum loading, 
automatic switch-off is an appropriate solution to mitigate the actual, real time shadows.  
The actual real-time shadows are limited to 8 hours per calendar year (Freund 2001). 

 
The sun is assumed to be point-like source and appears on all day. 

 
There is a cloudless sky, sufficient wind to turn the turbines blades.  Wind direction 
corresponds to the azimuth angle of the sun (ie. rotor is perpendicular to the incident 
direction of the sunlight).  Calculations are based on geographic north.  Distances 
between the rotor plane and the tower axis are negligible.  Light refraction in the 
atmosphere is not considered. 

 
Sun angles less than 3 degrees above the horizon are removed from analysis because 
vegetation and buildings will remove shadow impact.   

 
Annual limits 
Wind turbines are only approved if the maximum astronomic shading period of 30 hours 
per calendar year is not exceeded.  A review of complaints relating to shadow flicker at 
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existing systems, has informed the setting of this benchmark.  When using an automatic 
cut off system that does not takes account metrological parameters, the maximum 
astronomic shading is limited to 30 hours per calendar year.  For systems that do take 
into account metrological parameters (ie intensity of the sun), the actual shading is 
limited to 8 hours. 

 
Daily Limits 
Shadow flicker should be limited to a maximum of 30 minutes per day.  The laboratory 
study by the University of Kiel (Pohl et al 2000) noted that even a one-off exposure to 60 
minute duration of shadows can cause stress reactions.  For precaution, shading 
duration is therefore limited to 30 minutes per day. 

 
For planned plants, the astronomic maximum shading period should be used, and for 
existing plants, the actual shadow duration is used.  When this benchmark is exceeded 
for at least three days, appropriate measures need to be implemented to reduce the 
impact to guarantee a maximum duration of shading of 30 minutes. 

 
When siting wind turbines, there is an obligation to take precautionary measures to 
reduce the shadow flicker, taking account of proportionality and the requirements of the 
planning department. 
 
Exceedance of the allowable emission values for a wind turbine is carried out by 
emission-verified compliance.  Reduction of shadow is carried out by an electronic circuit 
which calculates the time of shadows at relevant receptors.  In determining exact times, 
the type of receptor (eg. window) should be considered. When indoors, the reference 
height should be set at the centre of the window.  When outdoors, the reference height is 
set at 2m above ground level.  Sunshine duration data should cover a period of at least a 
year, and the data should be available by a competent authority on request.   

 
Evidence of the amount of shadow flicker needs to be calculated in the context of 
planning projects and monitoring systems.  This allows the shut-down timings for wind 
turbines to be determined. 
 
Shadow forecast is based on an algorithm which calculates the location, day and time 
dependent solar position.  To ensure uniform implementation, widely available 
computational models are recommended (DIN 5034-2 1985; VI 3789 1994).   
 
Accuracy of geometric parameters should be ±3-10m.  The determination of shadow cast 
times should have an accuracy of 1min per day.  Absolute times are in GMT or BST. 
 
The start and end points of shadow at each relevant receptor point needs to be 
calculated in relation to the receptor.  In the case of several wind turbines, the cumulative 
contributions need to be taken into account.   
 
As part of the calculation, excerpts are required from topographical maps, as are 
coordinates of plant locations and receiver points.  The result from the software is iso-
shadow contours (especially the 30 hour contour) for the plant. 
 
Because of the complexities of the calculations, commercial computer programmes 
should be used to calculate shadow flicker. Forecast times should be presented in 
appropriate data tables.  

 
2.3.4 United States 
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2.3.4.1 Wind Turbines and Health, 
American Wind Energy Association (2010) 

Synopsis 
 

The American Wind Energy Association recommends that shadow flicker impacts are 
mitigated by use of appropriate turbine-dwelling separation distances or screening by 
vegetation planting.  The document also states that shadow flicker issues are less common 
in the United States than in Europe. 

 
Relevant text 

 
“Computer models in wind development software can determine the days and times 
during the year that specific buildings in close proximity to turbines may experience 
shadow flicker. Mitigation measures can be taken based on this knowledge and may 
include setbacks or vegetative buffers. Issues with shadow flicker are less common in the 
United States than in Europe due to the lower latitudes and the higher sun angles in the 
United States.”  

2.3.4.2 Final Programmatic Environmental Impact Statement on Wind Energy Development 
on BLM- Administered Lands in the Western United States, 
US Department of the Interior – Bureau of Land Management (2005) 

Synopsis 
 

This document produced by the United States‟ Department of the Interior states that shadow 
flicker is not considered as significant an issue in the United States as in Europe.   
 
However, this document does note that flickering effect may be considered an annoyance, 
but that modern three-bladed wind turbines are unlikely to cause epileptic seizures in the 
susceptible population due to the low blade passing frequencies. 
 
Relevant text 

 
“When the sun is behind the blades and the shadow falls across occupied buildings, the 
light passing through windows can disturb the occupants (Gipe 1995). Shadow flicker is 
recognized as an important issue in Europe but is generally not considered as significant 
in the United States (Gipe 1995).  The American Wind Energy Association (AWEA 2004) 
states that shadow flicker is not a problem during the majority of the year at U.S. latitudes 
(except in Alaska where the sun‟s angle is very low in the sky for a large portion of the 
year).  In addition, it is possible to calculate if a flickering shadow will fall on a given 
location near a wind farm and for how many hours in a year (AWEA 2004).  While the 
flickering effect may be considered an annoyance, there is also concern that the 
variations in light frequencies may trigger epileptic seizures in the susceptible population 
(Burton et al. 2001).  However, the rate at which modern three-bladed wind turbines 
rotate generates blade-passing frequencies of less than 1.75 Hz, below the threshold 
frequency of 2.5 Hz, indicating that seizures should not be an issue (Burton et al. 2001).” 
(Section 3-20) 

 
Canada 

2.3.4.3 Draft HRM Wind Energy Generation Plan, 
Halifax Regional Municipality (2006) 

Synopsis 
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This document refines the shadow flicker definition to a „pulsing change in light intensity‟.  
This document does not propose any particular separation distance between turbines and 
dwellings, but instead outlines the various approaches adopted in three Environmental 
Statements, covering a fixed radius of 500-1000 m in Denmark, ‟10 x rotor diameter‟ rule in 
Aberdeenshire in Scotland, and 30 hours per year in Germany.  A case study from the 
United States is also included that outlines a turbine shut-down mitigation measure strategy. 
 
This document also states that even within an urban environment, careful site design in the 
first instance and mitigation measures thereafter may manage any potential shadow flicker 
impacts.  
 
Relevant text 

 
“Shadow flicker is the effect of the sun passing through the blades of the tower and 
creating a flickering effect or pulsing change in light intensity based on the speed of 
the turbine (Botha 2005). The impact of the flicker is dependent on the orientation of 
the tower and location of the sun.  For example, if the sun is low on the horizon and 
the turbine blades directly face the sun the impact will cover a larger area compared to 
if it is parallel to the sun‟s rays.  In most cases the effect will fall on open countryside, 
however, where towers are located closer to residential properties consideration needs 
to be given to protect the residents from this impact.  The impact is basically an 
annoyance and there are suggestions that it can lead to inducing epilepsy in 
susceptible individuals, however the study team is not aware of any recorded incidents 
of this actually occurring.” (Page 16) 
 
“A considerable amount of international research has been undertaken on the impacts 
and management of shadow flicker and the following summary is outlined in a 
comprehensive environmental impact assessment (Awhitu Wind Farm 2004): 
“The Danish Wind Energy Association reports that shadow flicker does not need to be 
assessed at distances more than 500 – 1000 metres from a wind turbine.  
Environmental assessments for other wind farms (e.g., by Renewable Energy Systems 
for the Meikle Carewe project in Aberdeenshire, Scotland) state that shadow flicker is 
only a potential problem at closer than 10 rotor diameters to the turbine. 
The ministry for the Environment of Schleswig-Holstein, a northern German region 
with more than 1,000 MW of installed wind power, recommend the use of flicker timer 
if more than 30 hours of theoretical flicker occurs per year.” (Page 16) 
 
“The above provides some guidance on how this impact may be managed. Based on 
consultations done in Alberta, the Municipality of Pincher Creek advises that operators 
either shut down the machines between the time the sun is rising and setting for 
approximately an hour, or that computers manage to control the direction of the turbine 
so the blades are directly parallel to the sun.  Access to information on calculating and 
modeling the impacts of wind shadow is provided on the Danish Wind Industry 
Association website.  (page 16) 
 
In an urban environment, it will be more challenging to create a sufficient clearing 
around the turbine. Notwithstanding this, one should not prohibit the ability to establish 
these structures in an urban environment because there may be site circumstances 
that avoid this impact (e.g., parkland area/industrial premises) or controls and 
technologies that manage the impact. (page 16) 
 
There has also been concern that wind turbines, in particular their shadow flicker, have 
an impact on certain grazing animals. Studies have been undertaken in a number of 
countries to assess this potential impact, and all indicate farm animals and horses 
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adapt to the new environment within a brief acclimatization period. In relation to 
horses, evidence indicates that generally horses should not be ridden in these 
environments if they have not been acclimatized (page 16) 

 
2.3.5 Denmark 

No guidance on shadow flicker from Denmark was found during literature searches by the 
authors, however the following comments were noted on the Danish Wind Industry 
Associations website (Danish Wind Industry Association, accessed 2010): 
 

“The hub height of a wind turbine is of minor importance for the shadow from the rotor. 
The same shadow will be spread over a larger area, so in the vicinity of the turbine, 
say, up to 1,000 m, the number of minutes per year with shadows will actually 
decrease.” 
 
“If you are farther away from a wind turbine rotor than about 500-1000 metres, the 
rotor of a wind turbine will not appear to be chopping the light, but the turbine will be 
regarded as an object with the sun behind it. Therefore, it is generally not necessary to 
consider shadow casting at such distances.” 

 
2.3.6 Australia 

2.3.6.1 Planning Bulletin – Wind Farms (Draft for Consultation) 
Government of South Australia (2002) 

Synopsis 
 

This document states that shadow flicker is unlikely to be a significant issue if a separation 
distance of 500 m is maintained between the turbine and any dwelling or urban area. 

 
Relevant text 

 
“This occurs when the sun is low on the horizon and the blades pass between the sun 
and an observer, creating a flickering.  This issue needs to be considered as it could 
cause irritation and visual impairment. This is unlikely to be a significant issue if a 
separation distance of at least 500 metres is maintained between the turbine and any 
dwelling or any defined urban area.” (Page 7) 

2.3.6.2 Western Australia Planning Bulletin – Guidelines for Wind Farm Development, 
Western Australian Planning Commission (May 2004) 

Synopsis 
 
This document states that shadow flicker can affect local amenity but is uncommon in 
Australia. 

 
Relevant text 

 
“A wind energy facility can affect local amenity due to: Shadow flicker, which occurs 
when the sun passes behind the blades and the shadow flicks on and off, although in 
Australia this is uncommon.” (Page 4) 
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2.4 Non-governmental Organisations Guidance 

2.4.1 Spatial Planning of Wind Turbines, PREDAC – European Actions for Renewable 
Energies 

Synopsis 
 

Predac have developed a set of recommendations for the special planning of wind energy 
developments, based on a survey of guidance from Belgium, Denmark, France and The 
Netherlands, as well as some information from Germany and Ireland. 
 
From this document, it is clear that the approach to this issue varies across Europe, with 
Belgium adopting the German quantitative limits (30hrs per year and 30 min per day), and 
both Denmark and The Netherlands adopting similar quantitative limits (Denmark -  10 hrs 
per year, The Netherlands 20 minutes per day, 17 days per year – equivalent to 5 hours  40 
min per year).  France has no set limits on shadow flicker effect. 
 
Additionally, there are differences between the countries in how the calculations should be 
carried out, with Denmark taking „average cloud cover‟ into account and The Netherlands 
specifying that calculations should be carried out with a clear sky. 
 
This document recommends that at neighbouring dwellings and offices that flickering 
shadows are not exceeding 30 hours /year or 30min. per day with normal variation in wind 
directions and with clear sky. (This follows the German norm of 30 hours a year at clear 
sky).  

 
Relevant text 

 
“It is recommended at neighbouring dwellings and offices that flickering shadows are 
not exceeding 30 hours /year or 30 min. per day with normal variation in wind 
directions and with clear sky. (This follows the German norm of 30 hours a year at 
clear sky).” (Page 21) 
 
“Belgium 
In Wallonie, the government recommends to apply the threshold of tolerance that are 
fixed on the German pattern, that is 30hrs per year and 30 min per day. In practice, 
they are always applied as condition to obtain the permit and must be studied in the 
EIA.” (Page 21) 
 
“Denmark 
Recommendation: max. 10 hours/year allowed at neighbouring dwellings with average 
cloud cover.”  (Page 21) 
 
“France 
No recommendations are fixed, but the calculation of the occurrence of the shadow 
flicker at the nearest neighbours should be indicated in the EIA.” (Page 21) 
 
“The Netherlands 
When there is more than 20 minutes per day, 17 days per year (5 hours 40 min / year 
calculated, with clear sky), at neighbours it is regarded as a nuisance, which is 
unacceptable, and a standstill device is requested.” (Page 21) 

 
 

 

Exhibit_DK-2 
Page 254 of 626

---125 
YEARS 

 
005196

ADMINISTRATIVE RECORD - Scan 2 - Page 286 of 449

- Page 370 -



 
 

 

 

Shadow Flicker FINAL REPORT FOR ISSUE.docx Prepared by Parsons Brinckerhoff 
 Page 21 for the Department of Energy and Climate Change 

3 ACADEMIC LITERATURE 

3.1 Introduction 

Parsons Brinckerhoff has undertaken an academic literature review on the phenomenon of 
shadow flicker.  Literature has been obtained from various sources, including online, direct 
from the authors or publishers and from the British Library.  In all cases, an attempt has 
been made to source literature that has been referenced in guidance or other literature to 
provide a full review.  Where necessary, Parsons Brinckerhoff has translated from the 
original language.  Where this has been the case, it has been highlighted in the review 
below. 

3.2 Literature 

3.2.1 Shadow Hindrance by Wind Turbines, 
Verkuijlen E. & Westra C.A. (1984) 

Synopsis 
 

This paper is from the Interfaculty Department of Environmental Science at University of 
Amsterdam, and is part of the original evidence base addressing the amenity issues 
associated with shadow flicker effect from onshore wind turbines.   The paper is set in The 
Netherlands and the technical drawings adopt criteria (eg. latitude and predominant wind 
direction) that are comparable with the United Kingdom.  

 
The paper states that the greatest shadow flicker impact can be expected: 

 Inside a property where the change in light intensity is most noticeable 
 When turbines are rotating at between 5 and 14 Hz (below 2.5 Hz and above 40 Hz 

will cause “hardly any nuisance”).   
 In areas to the east-northeast and west-northwest of a turbine 

 
The paper suggests that three factors are important in determining the impact of shadow 
flicker: 

1. The receptors location relative to the turbine; 
2. The time at which the shadow covers a particular place; 
3. The duration of exposure to shadow. 
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Figure 1: Shadow influence of a wind turbine (figure extracted from paper) 

 
 

The paper also states that during winter, the sun is lower in the sky than in summer, so the 
daily track of shadow flicker effect will extend farther from the turbine. 
 
Several mitigation measures are proposed including sensitive site design, installation of 
blinds, and wind turbine shut-down strategies.  The paper expands on the sensitive site 
design aspect, suggesting that hindrance from shadow flicker would occur particularly in 
east-northeast and west-northwest directions from a wind turbine.  
 
The paper concludes that further research is necessary on the impact of flicker frequencies 
and duration of exposure. 

 
Relevant text extracts 

 
“Indoors the effect will be far greater, because in this case (almost) all the light that 
reaches the observer is modulated in intensity by the turbine blades.” (Page 356) 
 
“The effect of light flicker on an observer depends largely on its frequency.  In 
frequencies below 1 Hz every change in light intensity is felt as such.  Beyond a 
certain frequency flickers are no longer perceived separately.  This limit is called the 
flicker fusion frequency and as a rule lies at 50-80 Hz.” (Page 357) 
 
“Flicker frequencies approaching the fusion frequency may be felt to be a nuisance.” 
(Page 357) 
 
“Various experiments for the lighting of traffic tunnels led to the conclusion that most 
persons (tested) feel flicker frequencies from 5-10 Hz as a nuisance (8-9) [Collins & 
Hopkinson (1957); Schreuder (1964)].  From other research projects, too, men have 
found to be maximally sensitive to flickers between 8 and 14 Hz.  Below 2.5 Hz and 
beyond 40 Hz hardly any nuisance is caused.” (Page 357) 
 
“It is well known that in some people suffering from epilepsy an epileptic seizure may 
be triggered by light flickers (photosensitive epilepsy).  Around 2 % of the population 
are epileptics.  In brain research about 5 % of people with epilepsy have shown 
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anomalous EEG (electroencephalogram) reactions to flickers from 2.5 to 3 Hz.  Higher 
frequencies (15-20 Hz) may even cause convulsions in epileptic persons (5) [Ginsburg 
(1970)]. (page 357) 
 
“Most wind turbines give a flicker frequency between 1 and 6 Hz.  The aforesaid limit 
of 2.5 Hz falls within this frequency range.  Some wind turbines, therefore may cause 
hindrance (when there is wind and sunshine).” (Page 357) 
 
“(rotor diameter/hub height = 0.75; position 52.5

o
 N and 4

o
 E).” (Page 357) 

 
“When the sun is shining, the rotor shadow describes a track on the earth‟s surface 
from west to east as a result of the sun‟s daily orbit along the sky.  Because the sun is 
lower in winter than in summer, the daily track will be farther from the turbine in winter 
(see Figure 1).  At sunrise and sunset, the shadow shifts very fast.  At sunset the 
shadow first becomes diffuse and then vanishes; at sunrise exactly the opposite 
occurs.  Nevertheless it may cause nuisance during this brief spell of time.  The shape 
of the rotor shadow depends on the relative positions of rotor and sun.  The extremes 
are: 

a) Rotor position perpendicular to the sunlight; 
b) Rotor position parallel to the sunlight. 

 
In the former case the rotor casts a shadow covering a elongate strip.  In the latter 
case the shadow has an oval shape.  When the rotor plane turns from position b. to 
position a. the oval will become narrower till it is transformed to a narrow strip.  In our 
further calculations of the period during which the shadow covers on particular place, 
we always start from case a.  Three factors are important for the eventual hindrance 
caused by the shadow: 

1) The place covered by the shadow; 
2) The time at which the shadow covers a particular place 
3) The duration of the shadow covering one particular place.”  (Page 357) 

 
“It is obvious from these figures that particularly large areas in E-NE and W-NW 
directions from the wind turbine can be shadowed for long periods of time.  In these 
directions, therefore, most hindrance is to be expected.” (Page 358) 
 
“From the above it can be concluded that the revolving blades of present wind turbines 
may inflict shadow hindrance on a number of people in a large area around the 
turbine, particularly if the flicker frequency is beyond 2.5 Hz.  Largely because of the 
development of wind turbines running with variable rpm (turbines with a so-called 
inverter system), the number of turbines whose flicker frequency may rise above this 
limit of 2.5 Hz is bound to increase.  This will greatly add to the change of change [sic 
– shadow] hindrance.  It must be noted, though, that this limit was found in literature 
which did not refer to the shadow of wind turbine blades.  Therefore, further research 
is necessary.  This will have to go into both the impact of the resulting flicker frequency 
and the duration of the exposure.  For the present it seems to be advisable only to 
install wind turbines whose resulting flicker frequency remains below 2.5 Hz.  Shadow 
hindrance may occur particularly in east-northeast and west-northwest directions from 
a wind turbine.  In order to reduce shadow hindrance in buildings to a minimum, this 
could be taken into account when siting new wind turbines.  With southwest winds 
predominating in the Netherlands, wind turbines are often sited southwest of built-up 
areas.  These locations, however, are most likely to suffer shadow hindrance.  Siting 
south of buildings would therefore be a fine compromise.  For numerous reasons wind 
turbines may still be so sited that shadow hindrance is caused in buildings.  In such 
cases several solutions could be considered to reduce the shadow hindrance: 
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a) Fitting the buildings‟ windows with sunblinds.  This could lessen the difference 
in intensity between light and shadow. 

b) Stopping the wind turbine.  Whenever the shadow of a wind turbine causes 
nuisance, it could be stopped.  Because one knows at what times shadow 
hindrance can be expected in a certain situation, the wind turbine could be 
stopped with a time switch.  From exploratory calculations we have found that 
the annual output of wind turbines in areas of low building intensity would be 
reduced by a few percent only.” (Page 358) 

 
3.2.2 A Case of Shadow Flicker / Flashing: Assessment and Solution, 

Clarke A.D. (1991) 

Synopsis 
 

This paper makes reference to a complaint submitted to a Local Planning Authority (LPA) 
relating to disturbance from shadow flicker and reflected sunlight from a wind turbine – the 
details of the complaint and the LPA that it was submitted to were not included in the paper.  
However, the rotation rate of the three-bladed turbine in question was recorded as between 
33 and 44 revolutions per minute, creating a flicker frequency of between 1.65 and 2.2 Hz. 
 
The paper also states that sunny hours are likely to lower between October and early 
February when shadow flicker is predicted to occur, although this is likely to be the windiest 
period of the year.  This paper also advocates the use of the ‟10 x rotor diameter‟ rule for 
separation between wind turbines and habitations or occupied buildings. 
 
The paper considers shadows cast from turbines being an issue when cast through windows 
of buildings, and does not make reference to impacts outside of buildings. 
 
Relevant text extracts 

 
“A recommendation was made that turbines should be sited at least ten diameters 
distance from habitations, and more if sited to the East / Southeast or West / 
Southwest, and the shadow path identified.” (Page 93) 
 
“The effect can be pronounced in rooms in buildings facing the turbine, especially if the 
window is the sole source of light for a room.” (Page 93) 
 
“It has been found that the frequencies of flicker that produce disturbance are between 
2.5 Hz and 40 Hz.” (Page 93) 
 
“Most medium and large wind turbines have a rotation rate of between 30 r/min 
[rotations per minute] and 60 r/min, and smaller turbines often have a faster rotation.  
Most turbines in use today are two or three bladed, constant speed types, producing 
shadow flicker rates in the range of 1-3 Hz.  Variable speed turbines may produce a 2-
6 Hz flicker rate.  Therefore the shadow flicker from turbines has frequencies that 
could in the right conditions produce light flicker effects to susceptible persons.” 
(Page 93) 
 
“The shadow will be most pronounced when the blades of the turbine face the building 
and present the largest shadow area.” (Page 94) 
 
“Residents of a neighbouring house claimed that shadow flicker and reflected sunlight 
from the turbine blades were causing disturbance to them (5).  After complaints were 
made to the local Planning Authority, a study was carried out to investigate the 
problem.” (Page 94) 
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“The turbine‟s dimensions and data were obtained: 
 turbine rating: 200kW 
 blade diameter: 25m 
 tower height: 30m 
 swept area: 491m square 
 rotation rate: 44 r/min & 33 r/min in light winds 
 number of blades: 3 
 flicker frequency: 2.2 Hz & 1.65 Hz.” (Page 94) 
 
“It was recommended that a timer plus photo cell should be employed to automatically 
switch off the turbine for the duration of the flicker period, which will not be more than 
about 20 minutes, if the sun is shining and the wind blowing.” (Page 94). 
 
“In addition, the number of sunny hours is likely to be small in late October, November, 
December, January and early February when flicker is predicted to occur, although 
this will be in the windiest period.” (Page 95) 
 
“Other solutions that have been suggested are that the turbine should be stopped at 
those hours when shadow flicker is likely to occur, or that blinds should be fitted.  In 
one reported case the neighbours have been equipped with a switch to shut down the 
turbine if they are disturbed by shadow flicker.” (page 95) 
 
“Wind turbines close to habitations, eg. ten diameters distance should not be sited to 
the East or South East, or West or South West of habitations, unless the shadow path 
has been identified and does not fall on windows of habitations or occupied buildings.” 
(Page 95) 
 
“The minimum separation distance for wind turbines from habitations should be 
approximately 10 blade diameters.  This is emerging from experience and research as 
a standard guideline, in order to reduce problems of visual impact, noise, shadow 
disturbance, and safety”. (Page 95) 

 
3.2.3 Wind Energy Handbook, 

Burton et al. (2001) 

Synopsis 
 
The Wind Energy Handbook presents a review of shadow flicker understanding at the time 
of publishing.   This handbook states that shadow flicker frequencies between 2.5 and 20 
Hertz (Hz) can cause nuisance, and restates the findings of Verkuijlen & Westra (1984) in 
relation to health effects relating to epilepsy. 

 
Relevant text extracts 

 
“Although considered to be an important issue in Europe, and recognized in the 
operation of traditional windmills (Verkuijlen and Westra, 1984) shadow flicker has not 
generally been recognized as significant in the USA (Gipe, 1995). (Page 527) 
 
“The frequencies that can cause disturbance are between 2.5-20 Hz.” (Page 527) 
 
“In the case of shadow flicker the main concern is variations in light at frequencies of 
2.5-3 Hz which have been shown to cause anomalous EEG (electroencephalogram) 
reactions in some sufferers from epilepsy.  Higher frequencies (15-20 Hz) may even 
lead to epileptic convulsions.  Of the general population, some 10 percent of all adults 
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and 15-30 percent of children are disturbed to some extent by light variations at these 
frequencies (Verkuijlen and Westra, 1984).” (Page 527) 
 
“Large modern three-bladed wind turbines will rotate at under 35 r.p.m. giving blade-
passing frequencies of less than 1.75 Hz, which is below the critical frequency of 2.5 
Hz.  A minimum spacing from the nearest turbines to a dwelling of 10 rotor diameters 
is recommended to reduce the duration of any nuisance due to light flicker (Taylor and 
Rand, 1991).” (Page 527) 

 
3.2.4 Planning for Wind Energy in Dyfed, 

Taylor D. & Rand M. (1991) 

Synopsis 
 
Taylor & Rand (1991) presents details of a complaint arising in relation to shadow flicker 
effect in Cornwall (Cornwall County Council, 1989).  Specific details relating to the origin and 
severity of the complaint, the dimensions of the wind turbines, and the proximity and 
direction of the affected receptor (etc.) were not included in the paper.  

 
The authors of this study undertook extensive correspondence with Cornwall County 
Council, however it was not possible to source a copy of the original document „Planning 
Implications of Renewable Energy: Onshore Wind‟.  
 
The report concludes that at distances of greater than 10 rotor diameters between turbines 
and the habitation, shadow flicker effect can be reduced to relatively short periods of the 
year.  In relation to the Cornwall case study, the short period is defined as 30 minutes a day 
for 10-14 weeks a year. 
 
The paper also proposes two mitigation strategies – „blind installation‟, and „turbine shut 
down‟.  

 
Relevant text extracts 

 
“The effect seems to be confined to people inside buildings exposed to light from a 
narrow window source.  The frequencies of flicker that cause disturbance, dizziness, 
and disorientation are between 2.5 and 40 Hertz (cycles per second).  A frequency of 
2.5-3 Hertz can trigger epileptic seizures in some 5% of those who are susceptible.  It 
is estimated that about 2% of the population are susceptible to epileptic seizures.” 
(Page 91) 
 
“Frequencies of flicker between 2.0 and 40 Hertz can produce disturbance.  Most wind 
turbines produce a flicker frequency of around 1 and 6 Hertz and so are likely to 
induce flicker disturbance if their shadow falls on a building.” (Page 91) 
 
“One study noted that rotor speeds of below 45 rpm for three bladed turbines and 70 
rpm for two-bladed turbines should help ease the effect (Clarke, 1988).” (Page 91) 
 
“One study in Cornwall has illustrated the effect of all these factors on the position and 
duration of the shadow (Cornwall County Council, 1989): 

1) The area affected forms a narrow zone on the north side of the wind turbine 
but elongated to the west and the east.  The effect would be greater near the 
machines; further away the effect would be less acute and last for a shorter 
time. 

2) In the direction north from the machine, the shadow would affect a building (10 
metres wide) at a distance equivalent to one rotor diameter 8.5 hours a day for 
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39 weeks per year; at 2 diameters 7.75 hours a day for 13 weeks; & at 3 
diameters 6 hours a day for four weeks a year.” 

3) At a distance of 2 rotor diameters, in directions form south-west through north, 
to south-east, the shadow could affect a dwelling 2-7 hours a day for 13-26 
weeks a year.  

4) At a distance of 10 rotor diameters, again in directions from south-west, 
through north, to south-east, the shadow could affect a dwelling 30-45 minutes 
a day for 10-14 weeks a year.” (Page 91) 

 
“Wind turbines can cause shadow disturbance over a large area around a turbine, but 
the duration is likely to be limited.  From the data presented above it is possible to 
deduce that the shadow effect can be reduced to relatively short periods of the year 
(30 minutes a day for 10-14 weeks a year) when spacings of 10 rotor diameters to the 
nearest habitation are employed.” (Page 91) 
 
“2. The siting of wind turbines less than 10 rotor diameters from habitations should be 
discouraged due to the increased duration of shadow effects.” (Page 92) 

 
“3. Should shadow disturbance generate problems then the following actions can be 
taken: 

a) The installation of blinds to the windows of the properties affected. 
b) The shutting down of the wind turbine(s) during the relevant periods.” 

(Page 92) 
 

3.2.5 Harrassment by Periodic Shadow of Wind Turbines (English translation of abstract)  
(Belästigung durch periodischen Schattenwurf von Windenergieanlagen) 
Pohl et al. (1999). 

Synopsis 
 

This paper by the Institute of Psychology at Christian-Albrechts University of Kiel documents 
a laboratory experiment to record changes in indicators of performance, mental and physical 
well-being, cognitive processing and stress of the autonomic nervous system (heart rate, 
blood pressure, skin conductance and finger temperature) as a result of exposure to 
periodic shadows.  The experiment was undertaken on male and female participant of 
varying ages.  Shadows were simulated by using a system which could vary the light source 
and speed of shadow flicker.  This was set up to simulate a shadow impact through a 
doorway between two laboratories, with the lighting equipment in one room and the 
participants in the connected room. 
 
The study concludes that under the specific lighting conditions used in the laboratory tests, 
the shadow flicker effect did not constitute a significant harassment.  However, the 
increased demands on mental and physical energy, indicated that cumulative long-term 
effects might cause a significant nuisance. 
 
Relevant text extracts 
 
Please note – this text is a translation and is not quoted verbatim.  Some elements of the 
translation may not reflect the exact wording of the original documents. 

 
The focus of the investigation was the question of whether periodic shadows, with a 
duration of more than 30 minutes from one-off performance would cause stress 
effects. (Page 1) 
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Two groups of different ages were studied, namely 32 students (average age 
23 years) and 25 professionals (average age 47 years) who were each randomly 
assigned to two experimental conditions.  In each condition was the same number of 
women.  The experimental group (EG) received 60 minutes of periodic shadow with 
80% lighting contrast.  For the control group (CG) lighting conditions were the same as 
in the EG, but without periodic shadow. The main part of the investigation consisted of 
a series of six tests and measurement phases, of which two were before turning on the 
light, three were for a period of 20 minutes with the addition of lighting, and one phase 
after switching off the light.  Among the variables collected included stress indicators of 
general performance (computing, visual search tasks), the mental and physical well-
being, cognitive processing and stress of the autonomic nervous system (heart rate, 
blood pressure, skin conductance and finger temperature). (Page 1) 
 
Students and professionals of the EC showed slower performance during the first 20 
minutes of lighting.  When the professionals were subjected to this phase there was a 
range of stress and performance effects, the physical condition was impaired and a 
greater cognitive engagement with the situation occurred.  In the next 40 minutes there 
was compensation or even an increased performance compared to the CG.  This 
compensating or over-compensating required additional energy due to increased 
physical effort, manifested in the EG students in a reduced finger temperature and in 
professionals in increased sweat gland activity.  Younger subjects (students) 
compensated with other mental processes than older volunteers (professionals).  The 
former appears to be able to shut out the stimulus and reduce the harassment, and 
were able to compensate even thought they were aware of the harassment.  The older 
subjects also exhibited a stronger stress cognitive processing.  The duration of stress 
was prolonged and there were after effects even after turning off the lights.  The 
additional after effect that occurred in older subjects, resulted in a deterioration in their 
overall test performance. (Page 2) 
 
The laboratory study showed that under specific conditions periodic shadow did not 
constitute a significant harassment.  However, the documented increased demands on 
mental and physical energy, indicated that cumulative long-term effects might meet the 
criteria of a significant nuisance. (Page 2) 
 
The results of this pilot study indicated that as a whole it would seem reasonable to 
conduct further studies with modified experimental conditions.  These conditions could 
be various time patterns of the periodic shadow (random, intermittent, unpredictable) 
and the combination of periodic shadow and noise / noise (in particular, periodic noise) 
[It is not known whether these further studies have been carried out]. (Page 2) 

 
3.2.6 Influences of the Opaqueness of the Atmosphere, the Extension of the Sun and the 

Rotor Blade Profile on the Shadow Impact of Wind Turbines (English translation of 
abstract) 
(Einflüsse der Lufttrübung, der Sonnenausdehnung und der Flügelform auf den 
Schattenwurf von Windenergieanlagen),  
Freund H-D. (2002) 

Synopsis 
 

This paper from the University of Applied Sciences at Kiel critically analyses existing 
geometrically calculated shadow flicker models.  The paper concludes that the ambient 
environmental conditions that exist in reality – the finite extension of the sun; the trapezoidal 
structure of rotor blades; and the opaqueness of the atmosphere as a medium of radiation – 
reduce the shadow flicker effect of wind turbines.  These inaccuracies in the modelling 
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methodology, result in wind turbine operators facing unnecessary „turbine shut-down‟ 
systems.  

 
Relevant text extracts 
 
Please note – this text is a translation and is not quoted verbatim.  Some elements of the 
translation may not reflect the exact wording of the original documents. 

 
“At present, shadow flicker periods are determined by purely geometrical models.  This 
approach is questioned in the research project referred to in this article.  The project 
investigates in detail the ambient conditions existing in reality.  These are: 

1) The finite extension of the sun 
2) The trapezoidal structure of the rotor blades 
3) The opaque atmosphere as a medium of radiation 

These physical parameters have a significant influence on the shadow flicker.  One 
can see that the shadow flicker periods calculated geometrically cannot represent the 
worst-case periods as a matter of principle.  For the distances in question, they are 
generally too large.  For approx. 76% of the maximum range the geometric system 
error is 100% and gets even larger with increasing distance.  Because of this system 
error, wind turbine operators are sometimes faced with costs for shut-off systems that 
are not really necessary.  By using a new supplementary software in addition to the 
conventional computer programmes, such extra costs should be avoided.” (Page 43) 

 
3.2.7 Wind Power Environmental Impact – Case Study of Wind Turbines Living 

Environment, 
Widing et al. (2005) 

Synopsis 
 

This paper prepared by the Centre for Wind Power Information at Gotland University 
presents case study information from residents living near the wind turbines in När, 
Klintehamn and Näsudden in Sweden.  Operational experience presented suggests that 
94% of persons in 69 households were not disturbed by shadow flicker effects. 
 
The paper also indicates that it is more important on which day and in which season 
shadows occur, than how long the calculated/expected shadow time lasts. 
 
In addition, a report by the Swedish Federal Housing Association (the Boverkets handbook 
2003) suggests that shadow flicker duration should be assessed both on the plot of land 
around a house (the curtilage) as well as the façade (windows) of the property.  The report 
states that there is a statistically significant correlation between shadow minutes per day on 
the façade of a property and the specified disturbance, whereas shadow minutes per day on 
the plot of land and disturbance are not related.  However, shadow duration on the plot of 
land is likely, on average to be three times longer than on the façade, therefore the limits on 
a plot of land would need to be adjusted to make them reasonable. 

 
Relevant text extracts 
 
Please note – this text is a translation and is not quoted verbatim.  Some elements of the 
translation may not reflect the exact wording of the original documents. 

 
Three different wind areas on Gotland were selected for case studies: a) När; b) 
Klintehamn; and c) Näsudden.  Only the people who live in close proximity to wind 
turbines have been interviewed.  In När everyone living within 1100 metres from two 
large wind turbines, in Klintehamn a sample of those who live ESE of wind turbines 
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and receiving shadows from the turbines when the sun goes down, and in Näsudden 
those households that are among the wind turbines on the peninsula.  A total of 94 
persons in 69 households were interviewed. 
 
Of all respondents, 85 % are not disturbed by noise from wind turbines around them.  
In the case of shadows, the proportion who are not disrupted is even higher at 94 %.   
 
Although none of the calculations of shadows on the facade for the respondents in 
Klintehamn yielded, in the worst case, more than 30 shadow hours per year and a 
maximum of 30 minutes per day, 24 % (of the respondents) stated that they get 
annoyed quite a lot or a lot by the shadows. The calculations for 17 % of the 
respondents in Näsudden gave 30 shadow hours per year (facade, worst case) but 
only 4 % were disturbed quite a lot or a lot of shadows. 
 
In När nobody was bothered by shadows. One possible explanation why so many 
people are disturbed by the shadows in Klintehamn may be that the majority of the 
respondents live east-south-east of the power plant which, according to the 
calculations, results in the majority (approximately 90 % of respondents) having 
shadows in the evenings from April to September. 
 
In Näsudden about half of the respondents get shadows in the evenings while the 
other half get the shadows in the morning or at midday. For those respondents who do 
not get disrupted even though the expected shadow time is long, shadows appear 
mainly in the morning or in winter. For those respondents who are disturbed despite 
the short estimated shadow time shadows occurring in the evenings. In När no 
respondent got shadows during summer evenings. This may indicate that it is more 
important on which day and in which season shadows occur, than how long the 
calculated/expected shadow time lasts. 
 
In Näsudden there is no relationship what-so-ever between the estimated shadow time 
and the specified disturbance. However, there is a moderately-strong correlation 
between distance from the nearest wind turbine and stated disturbance due to 
shadows. This may indicate that the geometric calculation model for shadow time is 
not reliable when there is a large power plant that is situated far away from the current 
residence, as the shadow time of the power plant is included for long distances, 
although according to a German study the shade does not extend longer than about 1 
km (Freund 2002). 
 
Since according to the Boverkets handbook (the handbook of the “Federal Housing 
Agency”) (Boverket 2003) a new guideline has been introduced, due to which the 
shadow time is calculated on the plot of land instead of on the windows, the shadow 
time in Klintehamn was calculated partly on land and partly on the facade. There is a 
statistically significant moderate correlation between shadow minutes / days on the 
facade and the specified disturbance. Whereas shadow minutes / days on the plot and 
disturbance are not related. Calculation of shadow time on the plot instead of on the 
facade give, on average, approximately three times longer shadow times. To introduce 
a new guideline that time shall be calculated on the plot/land without having adjusting 
the limit how long shadow time is acceptable is in this perspective not reasonable. 
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3.2.8 Wind Power: Renewable Energy for Home, Farm and Business, 
Gipe P. (2004) 

Synopsis 
 

The author of this book provides case study information on measured shadow flicker effect 
and experiences of local equestrians relating to operational wind farms.  The author states 
that at an operational wind farm in Germany, research has shown that under worst –case 
conditions, shadow flicker would result in 100 minutes per year, however the effect in real 
life only equated to 20 minutes per year.  Experience by an equestrian in North America, 
was that shadow flicker from an operational wind turbine startled horses but the shadows 
simply caused the horse to stop briefly until their riders urged them on. 

 
Relevant text extracts 

 
“Near Flensburg in Schleswig-Holstein, German researchers examined the effect and 
found that flicker, under worst-case conditions, would affect neighbouring residents a 
total of 100 minutes per year.  Under normal circumstances the turbine in question 
would produce a flickering shadow only 20 minutes per year.” (Page 298) 
 
“There are few recorded occurrences of concern about shadow flicker in North 
America.  Ruth Gerath, however, notes that the flickering shadows from the turbines 
on Cameron Ridge near Tehachapi have startled her horse and those of others in the 
local equestrian club.  Except for the flickering shadows, she says, the turbines seem 
to have no effect on the horses.  The shadows simply cause the horses to stop briefly 
until their riders urge them on.” (Page 298) 
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4 COMPUTER MODELS 

4.1 Introduction 

As part of the development and planning process for a prospective wind farm, computer 
models are used by the developer in order to predict and quantify the impact shadow flicker 
may have on receptors within the vicinity of the prospective wind farm.  The output of these 
models can be included in the environmental assessment of the wind farm. 
 
There are three main computer packages which are used in the industry to model the 
phenomenon: 

 WindFarm  
 GH WindFarmer 
 WindPRO 

 
In addition to these packages, there was found to be two additional modelling tools available 
(add on packages to CAD and ArcGIS), however it is apparent that these tools have not 
been widely adopted by the industry. 

4.2 Current Computer Models Used 

WindFarm 
 
The Shadow Flicker module of WindFarm is one of the most used in the industry.  This 
software predicts the times throughout the year when shadow flicker is likely to occur and 
predicts a worst case scenario impact at the receptor/aperture where shadow flicker would 
be observed.  A contour map and predicted shadow flicker times can be generated as 
outputs from this process. 
 
The inputs to and outputs from the WindFarm model are summarised in Table 1 and Table 2 
below. 
 
Table 1: Inputs for WindFarm software. 
 

Inputs 

Receptor locations 
Site Latitude and Longitude 
Angle from grid north to true north 
Wind farm layout and turbine specification 
Time Zone (local regional time i.e. GMT) 
Wind farm layout 
Size of assessment area (specified in Metres, rotor diameters or tip 
height) 
Maximum sun height 
Earth's curvature 

 
Table 2: Outputs from WindFarm software. 

 
Output 

Map Spatial Extent of Shadow Flicker 
Time at which Shadow Flicker will occur 
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Garrad Hassan (GH) WindFarmer 
 
The Shadow Flicker module of GH WindFarmer calculates the occurrence of shadow flicker 
impact time and intervals for receptors at given locations. In addition, a map of the spatial 
distribution of the impact of the shadow flicker can be generated.  GH state (GH Website, 
accessed 2010) that the module allows the user to: 

 Determine the accurate shadow flicker effect for a particular year 
 Represent the turbine rotor as a sphere or as a disk 
 Consider the offset and orientation between turbine rotor and tower 
 Model the sun as a point or a disc 
 Use the topography as alternative to the simplified flat terrain assumption 
 Create maps of shadow flicker occurrence on an annual or daily basis 
 Analyses the shadow flicker at specific receptor points, of given elevation and 

orientation 
 Identify the shadow flicker periods from each turbine onto each receptor 

 
The module can also be used in „real-time‟ and in conjunction with a SCADA (Supervisory 
Control And Data Acquisition) system, where it can be used to switch of the turbine when 
the shadow impact would cause disturbance. 

 
Inputs to and outputs from the model are summarised in Table 3 and Table 4 below: 
 
Table 3: Inputs for WindFarmer software 

 
Inputs 

Site Latitude and Longitude 
Time Zone 
Maximum minutes per day (constraint) 
Maximum hours per year 
Calculation option (calculation to a defined distance from the centre of 
the project or from each turbine) 
Minimum Elevation Angle of the Sun 
Calculation time interval (temporal resolution of model) 
Model sun as a disc (yes/no) 
Height above ground for shadow flicker mapping 
Terrain and Visibility (options include No calculation of visibility due to 
terrain, use terrain to calculate turbine visibility and use terrain to 
calculate turbine and sun visibility) 

 
Table 4: Outputs from WindFarmer software 
 

Output 

Map of Spatial Extent of Shadow Flicker 
Times at which SF is most likely to occur 

 
WindPRO 
 
The Shadow Flicker module (SHADOW) in WindPro calculates how often and in which 
intervals a specific neighbour or area will be affected by one or more wind turbines.  The 
calculations are again „worst case scenarios‟. 
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The model calculates outputs using the following principles: 
 

 
Source: WindPro tutorial, accessed 2010 

 
Inputs to and outputs from the model are summarised in Table 5 and Table 6 below: 

 
Table 5: Inputs for WindPro software 

 
Inputs 

The position of the WTGs (xyz coordinates) 
Hub Height and rotor diameter 
Position of the receptor (x,y,z, coordinates) 
The size of the window and it's orientation, both directional(relative to 
south) and tilt ( angle of wind pane to the horizontal) 
Site Latitude and Longitude 
Time Zone 
A simulation model 

 
Table 6: Outputs from WindPro software 

 
Output 

 Main Results  
Calendar for each shadow 
receptor 

Timetable of sunrise and sunset for 
each day of the year in local time 
Table for when Shadow impact may 
occur for each day of the year, total 
hours of impact per day 
Number of turbines which may cause 
shadow impact 
Total hours of impact month by month 
Reductions due to sunshine and 
statistics of operational hours 

Graphic calendar  
Calendar per wind turbine  
Calendar per wind turbine, 
graphical 
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Map  

4.3 Discussion of Models 

Inputs 
The input parameters needed to run each of the models are essentially identical including 
Longitude and Latitude, Time Zone, wind turbine specification and topography.  However, 
some differences can be observed in the entry of constraint and receptor inputs.   

 
Defining Criteria 
All of the models allow the modelling extent to be defined as either a spatial or 
temporal extent.  These extents are set usually with reference to guidance or local 
planning authority advice.  The spatial extent is usually defined with the wind turbine 
as the origin, though in WindFarmer it is possible to define the spatial extent from 
the centre of the project as it appears in the screen window.   In addition, GL 
WindFarmer is the only computer model where the maximum length of time of 
exposure can be defined as a constraint. 

 
Defining Receptors 
The input of receptor parameters (e.g. location of receptor, size of window) slightly 
varies across the models and is a potential source of subjectivity and error in the 
output of the model since they are user defined.  In addition, the way in which this 
data is input into the models varies.  For example in WindFarm, window size, tilt and 
orientation are defined in the Designer, whereas in GH WindFarmer, location, 
orientation of the window, the height of the window can be defined, however the size 
of the window is assumed to be constant.  This may lead to variations in the output 
of the model. 

 
Defining sun angle 
Sun angle is manually defined by the user and values are dependent on the terrain 
and aspect of the turbine.  GH WindFarmer describe that for flat terrain a sun angle 
value of approximately 3° is appropriate, however for more undulating or 
mountainous terrain then it would be reasonable to increase the sun angle value 
because the terrain will have a sheltering effect on the receptors.  All three models 
allow the sun angle variable to be defined by the user. 
 
Digital Terrain Model Data 
All packages allow the input of terrain data.  The data needs to be clean of all 
anomalies and if possible ground truthed. 

 
Worst Case Scenario 
We have evidence to suggest that all of the models predict a „worst case scenario‟ 
impact of the shadow on properties, as discussed already in other Sections of this 
report.  It must be noted that this worst case scenario is not explicitly stated in the 
GL WindFarmer literature. 
 
Assuming the turbine rotor as a disk 
The impact of the shadow is intermittent and variable depending on the wind speed 
which can not be analysed in any of the software packages.  The turbine rotor is 
assumed to be a disk which can not be penetrated by sunlight.  Any shadow 
generated by this disc onto the receptor is classed as an impact.   

 
Turbine Yaw Direction 
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It is assumed in all of the models that the rotor is yaw angle is set at 90° to the 
receptor to model maximum interference.  In reality, the yaw of the turbine would 
vary with the wind direction, therefore the shadow impact would be variable. 

 
Sunlight conditions 
The sunlight conditions used in the software models are set up to result in a worst 
case scenario.  The weather is always assumed to be sunny which would cause the 
greatest shadow effect.  In reality sunlight intensity is dependent on factors including 
cloud cover and time of day. 

 
Obstacles 
All of the models allow the user to input terrain data although they do not take into 
account obstacles between the turbine and the receptor, for example, trees or 
buildings. 

4.4 Applying the Computer Models 

To compare these three models, Parsons Brinckerhoff has obtained versions of the software 
packages and has run the same scenario in each package.  The results of this can be seen 
in Figure 2 to Figure 4 below. 
 
An area in the Scottish Borders was chosen for the model as this area had diverse terrain, 
with a ridge to the north west of the turbine and undulating terrain elsewhere.  A single 
turbine was placed in this landscape.  The turbine model chosen was typical for modern 
onshore machines, with a 70m hub height and 80m rotor diameter.  In each case, shadow 
flicker was calculated for a 2.5km radius around the turbine, thus far larger than the 10 rotor 
diameter rule.  Shadow flicker receptors were added in a radial manner with an incremental 
spacing of 500m from the turbine as can be seen in the figures. 
 
It should be noted that the shadow flicker calculation area can be defined in the software –
2.5 km was chosen as an indicative value so that the models could be compared with each 
other.  The shadows are likely to be too diffuse at this distance to have an impact. 
 
The contours used in the outputs from the model are spaced at 20 hrs/year, with the outer 
most (large blue) contour representing 0 – 20 flicker hrs/year.  This was considered the most 
appropriate „bin size‟ given the magnitude of flicker.  Whilst it was not possible to match the 
contour colours between the models exactly, similar colours were chosen so that a visual 
comparison is possible.   
 
It can be seen that the outputs from the three models are very similar, and whilst there are 
some differences at the edges of the model, the models show very similar results within 1 
km from the turbine.  Also, the shape of the shadow area is very similar where it interfaces 
with the terrain, especially to the west of the turbine. 
 
There are differences between how Windfarm and Windpro calculate shadow start and end 
times.  In Windfarm, the mapping data is entered in rectangular grid coordinates (for 
example bng grid in the UK).  To calculate where on the surface of the planet the site is, (to 
calculate when the sun rises and sets), Latitude and Longitude coordinates need to be 
entered.  In Wind Farm, there is an automatic conversion tool between most coordinate 
systems used across the world.  This is used to calculate shadow times for the project which 
can be fed into shadow flicker timers for mitigation.  In the Windfarmer „control panel‟ it is 
also possible to set up the Latitude and Longitude values for this reason. 
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Figure 2: Output from Windfarm software 

 
Figure 3: Output from WindFarmer software 
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Figure 4: Output from WindPRO software 
 
It appears that there are obvious similarities between each of the three models which have 
been reviewed, though it is difficult to quantify as the software vendors do not give details of 
the algorithms which are used to calculate the spatial and temporal extent of the flicker 
phenomenon.  

4.5 Conclusions 

This section has investigated the computer models available on the market. The three 
computer models investigated are similar in their approach to calculating shadow flicker 
around wind turbines.  None of the software packages allow the input of real climatic 
parameters, and so can only be used to produce „worst case‟ shadow flicker assessments. 
 
For the purposes of demonstrating and comparing the outputs, the three computer systems 
were used to model simple scenario of a single wind turbine in a location in the Scottish 
Borders.  The results from these models are displayed as contour plots which show very 
similar shadow flicker patterns close to the turbine with minor discrepancies between the 
models at distances further from the turbines. 
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5 STAKEHOLDER QUESTIONNAIRE SURVEY. 

5.1 Introduction 

In an effort to gauge the opinion of the wind energy industry on shadow flicker issues, 
questionnaires were distributed to industry stakeholders.  Different questionnaires were 
produced, with one aimed at developers and consultants working in the industry and one 
aimed at local planning authorities (LPAs).  There were four variants of this LPA 
questionnaire specific to planning authorities in England, Scotland Wales and Northern 
Ireland. 
 
This section outlines the methods that PB employed to obtain data from these parties, and 
the resulting data which has been analysed to look for trends in data and parameters.  This 
is not intended as original research but as a study into the extent of shadow flicker issues in 
the UK. 
 
It must be acknowledged that the responses which are reported in this section are the 
viewpoint of the stakeholders consulted and thus may not be evidential based. 

5.2 Methodology 

The questionnaires were produced as a „PDF form‟, which could be edited directly using 
standard adobe PDF reader software.  The format allowed respondents to email the data 
back to PB using a dedicated email address.  In case of technical issues with this method, 
PB provided several submission options and additionally provided contact details so that we 
could assist directly.  This approach was developed to speed up the process, helping to 
ensure a high response rate, and for the environmental reason of reducing paper use. 

 
Industry Questionnaire 
The questionnaire can be found in the Appendices. 
 
The specific aims of this questionnaire were: 

 To determine the extent to which developers and consultants use the shadow flicker 
indicators in „Companion Guide to Planning Policy Statement 22‟ (or relevant 
country guidance) to model shadow flicker, and to determine methodologies used to 
assess the occurrence of the phenomenon; 

 To ascertain whether developers thought the planning guidance was sufficient for 
the assessment of shadow flicker, and their opinion on whether other approaches to 
setting guidance would be more appropriate; and, 

 To improve understanding of shadow flicker impacts at operational wind farms, 
looking for case studies where shadow flicker was found to be causing an issue and 
to assess the effectiveness of current mitigation measures. 

 
The industry questionnaire was sent out to 178 company members on the mailing list of the 
industry association RenewableUK.  A reminder email was sent three days before the final 
submission deadline to help ensure the highest response rate possible.  14 responses were 
obtained and discussion of the results from this questionnaire can be found in the section 
below. 
 
Local Planning Authority Questionnaire  
The questionnaire was sent to all Local Planning Authorities and England, Wales, Scotland 
and Northern Ireland.  Additionally, the Welsh Planning Division and the Clean Energy & 
Steel Production Department were invited to participate in the questionnaire.  Although not 
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able to offer a response, staff at the Assembly Government did offer advice on relevant 
guidance documents and suggested key developers who should be contacted. 
 
The specific aims of this questionnaire were: 

 To determine the extent of LPAs knowledge of shadow flicker, and their opinions on 
„Companion Guide to Planning Policy Statement 22‟ (or relevant country guidance) 
to model shadow flicker; 

 To ascertain whether developers thought the planning guidance was sufficient for 
the assessment of shadow flicker, and their opinion on whether other approaches to 
setting guidance would be more appropriate; and, 

 To improve understanding of shadow flicker impacts at operational wind farms, 
looking for case studies where shadow flicker was found to be causing an issue and 
to assess the effectiveness of current mitigation measures. 

5.3 Industry Questionnaire - Response Summary 

Fourteen questionnaire responses were received from developers and consultants working 
in the wind industry.  Of these respondents, thirteen stated they have been involved in 
preparing shadow flicker assessments for onshore wind energy developments in the UK, 
five have presented evidence at public local inquiry and five are involved in „Operation & 
Maintenance‟ of operational onshore wind farms. 

 
Questions were split into the following four sections: 

1) General assessment criteria – questions were designed to assess the degree of 
variance between assessment criteria methodologies for shadow flicker 
assessments in Environmental Statements. 

2) Computer models – questions were designed to gauge the parameters that input 
into shadow flicker models. 

3) Operational experience – collection of case study information on complaints relating 
to shadow flicker, operational experience in relation to mitigation measures, and 
anecdotal evidence of observed shadow flicker effects. 

4) Current guidance – questions designed to gauge opinion on key elements of 
Companion Guide to PPS22 or other national guidance documents. 

 
Please note - where a respondent has not provided comment, or stated that the question is 
not applicable to them, they have been excluded from the summary statistics. 

 
General assessment criteria 
When determining the size of the assessment area, 10 out of 13 respondents adopt the 10 
rotor diameter‟ rule.  Other approaches that were adopted include: 

 Using a combination of „10x rotor diameter‟ rule with a 2km fixed radius; and 
 Assessing properties which lie just outside the ‟10 x rotor diameter‟ area. 

 
10 out of 13 respondents only assess shadow flicker impact on users within residential 
properties, whilst 2 respondents assess the „shadow flicker‟ impact on users both within 
residential properties and in the curtilage of properties.  This report has is concerned only 
with that inside properties and through a constrained opening such as a window, however it 
is important that this point as part of the stakeholder responses. 

 
Receptors that respondents include in shadow flicker assessments, are shown in Figure 5 
below. 
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Figure 5: Results from Question 7: What receptors do you assess shadow flicker effects 
on? 
 

 
 
It is clear from the responses that many developers and consultants assess shadow flicker 
impacts on non-residential properties, but it is not common to assess the impact of passing 
shadows on road, footpath, and bridleway users.  Several respondents adapt their 
assessment methodology to meet the requirements of the LPA or specific requests from 
other stakeholders.  Two respondents made it clear that shadow flicker is restricted to the 
interior of buildings. 

 
A summary of questionnaire responses relating to various mitigation measures for shadow 
flicker impacts can be seen in Figure 6 below: 
 
Figure 6: Results from Question 8: “When preparing a planning application, what mitigation 
strategies for predicted shadow flicker effects do you propose?” 

 

 
 

All four mitigation options have been proposed by different respondents, with „careful site 
design‟ and „turbine shut down‟ ranking as the most popular. 

 
Computer models 
For the purposes of undertaking shadow flicker assessments, it is clear that three computer 
modelling software packages are used by all respondents – these programmes are 
WindFarm, Windfarmer, and WindPro.  All three are discussed in greater detail in Section 4.  
With one exception, all respondents felt the respective software package was satisfactory 
for preparing shadow flicker assessments that are of an appropriate standard to support a 
planning application.   
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When undertaking shadow flicker assessments, 7 out of 13 respondents include field data or 
site-specific environmental data in their software models, while 6 out of 13 respondents do 
not include this data.  The following comments were included elaborating on the data 
included in software models: 

 Existing screening is taken into account; 
 Topographical models (Digital Terrain Models) are included in the model; 
 Location of residential properties are considered; 
 Initial screening of properties by potential visibility using a Zone of Theoretical 

Visibility (ZTV) graphic; 
 Turbine layout and dimensions; 
 Wind rose information to provide idea of predominant wind direction; 
 Orientation and size of receptor windows. 

 
It is clear from the above responses that LPA‟s requirements for information input into 
software models varies, due to a lack  a standard methodology for shadow flicker 
assessment.  

 
The questions in this section asked respondents about whether their shadow flicker 
assessments adhere to the „worst case scenario‟.  This was defined as: 

 Continuous sunshine during daylight hours; 
 Continually rotating turbine blades; 
 No vegetation or other obstacles are screening the receptor; 
 The wind turbine rotor plane is always perpendicular to the receptor and sun. 

 
10 out of 12 respondents felt that their shadow flicker assessments adhered to worst case 
scenario criteria.  Of the respondents that responded that their shadow flicker assessments 
did not adhere to the worst case scenario, the following comments were provided: 

 Proportion of time that turbines were operational was taken into account; 
 Both worst case and „realistic‟ shadow flicker duration figures were considered; 
 Sunshine data was included when preparing a „realistic‟ shadow flicker duration 

figure. 
 

Operational experience 
5 out of 12 respondents own or manage operational wind energy developments, of which 2 
respondents were owners, four respondents were operators, and one respondent was 
involved in technical operations. 
 
Three respondents noted complaints in relation to shadow flicker at their operational wind 
energy developments.  Details of their comments are listed below. 
 

 A member of the landowners family has observed shadow flicker but this has not 
given rise to a complaint, as such no resolution was required or requested. 

 Wind farm in flat, lowland location – complaints arose during commissioning and 
related to dwellings within „10 x rotor diameter‟ that were identified in the 
Environmental Statement as being potentially at risk.  Sensor-triggered operational 
management and turbine shut-down has been implemented and is expected to 
resolve the situation. 

 Complaint from a office building that was not built at the time of consent.  Please 
see case study information in section 5.5 below for more information. 

 
Of the respondents who operate or manage wind energy developments, it was noted that 
careful site design and turbine shut-down strategies were the most popular implemented 
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mitigation strategies, whilst installation of blinds also featured.  Landscaping / vegetation 
screening did not feature.  The results are shown in Figure 7 below. 
 
Figure 7: Results from Question 8: What mitigation strategies for shadow flicker effects 
have been implemented on your operational wind energy developments? 

 

 
 

The respondents who stated they had implemented both careful site design and turbine 
shut-down strategies noted that no complaints had been received and by virtue of this it 
could be assumed that the mitigation measures had been successful.  One additional 
respondent stated that the turbine shut-down strategy had been ultimately successful – 
further case study details are provided in Section 5.5. 

 
One respondent noted that contact details for Operation & Maintenance staff were provided 
to affected properties to implement turbine shut-down. 
 
No respondents stated that they had observed shadow flicker effect occurring outside 
buildings or in other circumstances different from those set out in current guidance (which 
states “shadow flicker only occurs inside buildings where the flicker appears through a 
narrow window opening”).  One respondent commented: 

“Shadow flicker can only occur within properties through a restricted space.  The effect 
through a narrow window opening is totally different to the effect out of doors where 
the high ambient light and diffuse shadow conditions cannot create the same level of 
disturbance.” 

 
Current guidance 
9 out of 13 respondents consider the „10 x rotor diameter‟ rule an appropriate  area for 
shadow flicker assessments.  Of the remaining respondents, most believed a combination of 
a fixed radius and the „10 x rotor diameter‟ rule would provide an appropriate alternative.  
One respondent provided a justification for adopting a fixed radius approach, commenting:  
 

“In general for most of the UK the ‟10 x rotor diameter‟ rule is sufficient, however in 
higher latitudes where the sun is lower in the sky for longer, it might be appropriate to 
introduce a fixed radius.  A study would be required to define this fixed radius as 
shadows become very diffuse further out and it is important not to define a radius 
which is too conservative.” 

 
8 out of 12 respondents believed shadow flicker assessments should be limited to the 
interior of residential buildings.  Of the four remaining respondents, one commented that an 
assessment of the impact on users of adjacent A roads and motorways is sometimes 
requested by the Highways Agency due to the potential for driver distraction, and three 
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respondents felt shadow flicker assessments should extend to non-residential properties.  
One respondent commented: 

“High-occupancy non-residential buildings such as offices should be afforded similar 
protection to residential properties, within the context of the likely occupancy of the 
building at the time when shadow flicker is calculated to occur.” 

 
There was a varied response to the value of adopting quantitative guidance on shadow 
flicker effects.  The majority (8 out of 11 respondents) felt that quantitative guidance was 
inappropriate for the following reasons: 

 Difficulties in quantifying acceptable levels of shadow flicker impact due to local 
environmental factors (eg. existing screening, cloud cover) and site specific details 
(eg. number of properties affected, number and nature of rooms affected, duration 
of effect, strength of shadowing, etc) 

 Worst case scenario shadow flicker duration figures can be misinterpreted by the 
public as definitive impact; and 

 Impacts should be assessed on a site by site basis. 
 

 
The two overarching themes that emerge from this question on quantitative guidance are 
the difficulties in setting a level on acceptability of shadow flicker impact, and the potential 
for a development to be rejected where mitigation measures could provide a complete 
solution. 

 
Further comments were welcomed at the end of the questionnaire.  Several respondents 
took the opportunity to stress that shadow effects outside buildings should not be confused 
with shadow flicker, as the effect is much less severe.  One respondent commented that 
there is a lack of case study data relating to shadow flicker impacts, and that an evidence 
base rather than limits and separation distances would be more useful.  Other notable 
responses are included below: 

“I think it would be a positive step to introduce some form of approach to methodology 
for assessing shadow flicker effects that would work in a similar way to ETSU and 
noise, that way it would give clarity to developers, planning authorities and 
communities alike that a clear and consistent framework was being worked within.” 

 
“Guidance should be clear that shadow flicker can be accurately predicted.  It should 
state that shadow flicker effects can be successfully mitigated and that mitigation can 
be successfully secured by way of a planning condition.  In this respect shadow flicker 
issues should not be cited as a reason for refusal in a planning decision.” 

 

5.4 Local Planning Authority (LPA) Questionnaire Responses. 

Seventeen responses were received from the questionnaire that was sent to LPAs, of which 
ten were from councils in England, one from each of Wales and Northern Ireland and five 
from councils in Scotland.  All of those councils who responded offer pre-planning advice to 
onshore wind energy developers, with the majority (13 out of 17) providing pre-planning 
advice specifically on shadow flicker.  However, only seven of the councils offer guidance on 
how the shadow flicker impact could be assessed. 
 
Please note - where a respondent has not provided comment, or stated that the question is 
not applicable to them, they have been excluded from the summary statistics. 
 
Questions were split into the following four sections: 
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1) Current guidance – questions related to current UK guidance and are designed to 
gauge opinion on key elements of Companion Guide to PPS22, or relevant country 
specific guidance. 

2) Best Practice Shadow Flicker Assessments – questions designed to assess the 
LPAs opinion on current shadow flicker assessment methodologies. 

3) Proposed Mitigation Measures – questions on mitigation measures and planning 
conditions related to shadow flicker. 

4) Operational experience – this section collected case study information on 
complaints relating to shadow flicker, operational experience in relation to mitigation 
measures, and anecdotal evidence of observed shadow flicker effects. 

 
Current Guidance 
This section looked at current guidance in the UK.  There was general consensus among 
the respondents (13 out of 17) that the ten rotor diameter rule provided an appropriate area 
for shadow flicker assessment, with three councils having the opinion that this rule was not 
appropriate.  Three councils had the opinion that using a combination of a fixed radius and 
the '10 x Rotor Diameter' would be a preferable approach, with four councils specifying 
alternative approaches. 
 
Some useful comments were made on the subject of alternative approaches, especially that 
the assessment distance should take into account the height of turbines as well as rotor 
diameter, and that the 10 rotor diameter approach may not be appropriate with turbines 
sited on higher ground, as shadows may be thrown further.  Additionally, a comment was 
made that the assessment distance should also be determined by the project latitude, solar 
elevation, height, rotational rate of turbines and cumulative impact of aligned turbines. 
 
Although blade shadows passing across windows produce a different impact (shadow 
flicker) to shadows passing across open ground, a question was asked to determine opinion 
on whether outdoor impacts should be assessed.  Four councils responded that assessment 
should be limited to inside buildings; with thirteen responding that the impact on other 
receptors should be assessed.  Figure 8 shows the receptors that councils would like to see 
assessed. 
 
Figure 8: Results from Question 7: If you don‟t think shadow flicker assessments should be 
limited to the interior of buildings, what receptors should be included? 
 

 
 
Some useful comments were made on the reasons LPAs thought other receptors should be 
taken into account.  Several comments were made that road user distraction and safety was 
important, with several also commenting on safety of horse riders on bridleways.  There 
were several comments that shadow flicker has the ability to affect office / commercial 
workers and so it is important to assess these buildings in addition to residential buildings. 
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There was a generally positive attitude towards adopting quantitative guidance in the UK, 
although various concerns were raised about how this could be implemented in practice.  
Several respondents commented that having quantitative guidance would be simple to 
assess against.  One respondent suggested that the guidance should not necessarily be 
carried out based on only the „number of hours‟ but that also a secondary „sensitivity‟ 
measure should be used based on the usage of affected buildings.  An example of this is 
that early evening hours may be more valuable as „family time‟ than other times of the day. 
 
Best Practice Shadow Flicker Assessments 
The four questions in this section asked respondents about whether shadow flicker 
assessments should adhere to the „worst case scenario‟.  This was defined as 

 Continuous sunshine during daylight hours; 
 Continually rotating turbine blades; 
 No vegetation or other obstacles are screening the receptor; 
 The wind turbine rotor plane is always perpendicular to the receptor and sun. 

 
Of the respondents, eleven had the opinion that assessments should adhere to this worst 
case model, with six not considering this to be suitable.  Five comments were made that a 
likely / realistic shadow flicker assessment needs to be carried out alongside this worst case 
model.  A concern was raised that any method used other than worse case would lead to 
assumptions being made that could be challenged in the planning process. 
 
Twelve respondents thought that the addition of field data would aid the assessment 
process, with four not considering field data to be necessary.  It was noted that the use of 
field data can aid an assessment by making it more realistic.  It was also noted that site 
specific data should be included as it can help planners to make an informed decision on a 
development. 

 
Proposed Mitigation Measures 
Three questions were asked about mitigation measures used to limit shadow flicker from 
wind energy developments.  Figure 9 below shows the strategies that councils consider to 
be appropriate when considering planning applications with potential shadow flicker issues. 
 
Figure 9: Results from Question 15: When considering a planning application, what 
mitigation strategies for predicted shadow flicker effects do you consider appropriate? 
 

 
 
It is clear that designing the development in such a way that shadow flicker does not occur 
is considered the most preferable option, with the implementation of a „turbine shut down 
strategy‟ considered the next preferred option. 
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Of the councils questioned, nine have been involved with assigning a planning condition 
relating to shadow flicker, with eight not having assigned a planning condition related to 
shadow flicker.  There was a range of planning conditions supplied by the councils, from the 
specific, (outlining the mitigation strategy to be used) to more general conditions (specifying 
that approved measures should be implemented should complaints be received). 

 
Operational Experience 
Of the councils who responded to the questionnaire, only one had received a complaint 
about a shadow flicker issue from an operational windfarm.  In this case, business park 
workers complained of the shadow flicker effects.  The issue was resolved by implementing 
a „turbine shut down‟ protocol that acted when certain conditions of sun/alignment prevailed, 
or when a complaint was made from the office workers. 
 
The mitigation strategies that have been implemented by the councils that responded are 
shown in Figure 10 below. 

 
Figure 10: Results from Question 20: What mitigation strategies for shadow flicker effects 
have been implemented on operational wind energy developments within your planning 
area? 
 

 
 
It can be seen that the most popular operational mitigation approach is to install shadow 
flicker timers using a turbine shut down strategy.  For some of the councils, turbines have 
yet to be built, so it remains to be seen if the strategy has been a success, however a 
comment was made that this approach was successful in that no complaints had been 
received.  It was also noted that the use of blinds and planting as mitigation approaches are 
considered less acceptable as they are harder to enforce, may not necessarily work and 
planting may not establish. 

 
Additional Comments 
A final comments box was provided for respondents to provide any additional information on 
shadow flicker.  Whilst the majority of councils did not use this, two useful comments were 
raised, which reflect their experiences with the phenomenon. 
 
The first comment was regarding the occurrence of shadow flicker, and that as it is only an 
issue on bright days, the occasions when it is likely to present a real problem to people in 
buildings nearby are likely to be few.  Members of the public are often poorly informed and 
will assume shadow flicker to be a problem.   
 
Another comment from one LPA was that shadow flicker has not been a major issue of 
concern to wind energy objectors.  The visually intrusive nature of large scale proposals is 
the most common concern. 
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5.5 Operational Wind Farm Case Study 

A case study has been taken from the questionnaire responses.  For this wind farm, PB 
received information from both the developer and the Local Planning Authority involved in 
the development.  This wind farm in Scotland has been left unnamed for reasons of 
confidentiality. 

 
Complaint 
Complaints were received from office users in a nearby business park, of flicker effects 
causing annoyance and triggering headaches.  Environmental Health Officers from the local 
council investigated and concluded that there were adverse impacts as a result of the 
shadow flicker from the nearby turbines. 

 
The office building was not in place at the time of wind farm consent or turbine installation, 
and was therefore not included in the shadow flicker assessment for the Environmental 
Statement.  The first two wind turbines in the development were operational when the 
buildings on the site were developed for business uses.  As personnel moved into the 
buildings, complaints were lodged over the shadow flicker effect, which especially occurred 
in the afternoon when the sun was from the west/ north west.  Flicker became a major issue 
when a subsequent extension (four turbines) to the wind farm was developed and built.  
Both phases of development have turbines which are within ten rotor diameters of the office 
building. 

 
Mitigation measures 
Two mitigation measures were implemented – turbine shut-down using control modules on 
certain turbines that were causing the shadow flicker effect, and installation of blinds in the 
affected offices.   

 
The turbine shut down strategy was deemed to have been relatively successful, although 
due to controller errors with the clock timer there were instances where the turbine was not 
shutting down at the correct times.  An additional measure was implemented which allowed 
the complainant to contact „Operation & Maintenance‟ staff who could remotely shut-off the 
turbines.     
 
Result 
The complainant was satisfied with the developer‟s mitigation actions and stated that their 
concerns had been alleviated.  Both the developer and Local Planning Authority considered 
that the issue had been resolved by the mitigation measures implemented. 
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6 RESULTS ANALYSIS 

A number of themes have arisen during the course of the guidance and literature review that 
warrant further discussion.  This section separates out individual overarching themes and 
provides a summary of variations and common understanding between national guidance 
and academic literature.  The key themes that are discussed in greater detail below are as 
follows: 

Section 6.1 - Assessment area – geometrics of study area 
Section 6.2 - Assessment area – radius of study area 
Section 6.3 - Quantitative guidance 
Section 6.4 - Shadow flicker in offices 
Section 6.5 - Indoor assessment versus outdoor assessment 
Section 6.6 - Proposed mitigation 
Section 6.7 - Health effects - epilepsy 
Section 6.8 - Health effects and nuisance 
Section 6.9 - Environmental and site-specific factors 
Section 6.10 - Planning conditions 

 
The authors also note that during the literature searches, no regulatory policy relating to 
shadow flicker was found; in all countries where it is a perceived issue, shadow flicker falls 
under the remit of best-practice guidelines. 
 
It is clear from our literature searches that much of the academic research on the subject of 
shadow flicker was carried out in the 1980s and 1990s.  Since then, turbines have got larger 
with lower blade rotational frequencies, so some of the results may not be directly applicable 
to modern turbines found on the market today. 

6.1 Assessment area – geometrics of study area 

England‟s Companion Guide to PPS22 (2004) and BERR (2007), and Northern Ireland‟s 
Best Practice Guidance to PPS18 (2009) state that only properties within 130 degrees either 
side of north of a particular turbine can be affected by shadows.  Verkuijlen & Westra (1984) 
confirm this assertion, stating that particularly large areas to the east-northeast and west-
northwest of the turbine experience shadows for long periods of time.  Both German 
guidance (2002) and Verkuijlen & Westra (1984) provide figures demonstrating the azimuth 
extent of the shadow flicker zone. 

 
The concept of limiting the assessment to within 130 degrees either side of north is not 
contested (nor are any alternative assessment methodologies proposed) in any guidance 
documents or academic literature. 

6.2 Assessment area – radius of study area and 10 x rotor diameter 

England‟s Companion Guide to PPS22 (2004) and BERR (2007) state that shadow flicker 
only occurs within ‟10 x rotor diameters‟ of a turbine.  Northern Ireland‟s Best Practice 
Guidance to PPS18 (2009) is not as explicit in this regard, stating instead that the potential 
for shadow flicker at distances greater than ten rotor diameters is very low.  Similarly 
Scotland‟s PAN 45 (2002) guidance refers to the ‟10 rotor diameter‟ as a general rule and 
infers that outside this area shadow flicker should not be problematic.  The Irish Planning 
Guidelines (undated) state that at distances greater than „10 x rotor diameter‟, the potential 
for shadow flicker is very low.   

 
Based on case study evidence from an operational wind farm, Cornwall County Council 
(1989) concluded that for properties at a distance of 2 rotor diameters, maximum shadow 
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duration is calculated as 2 – 7 hours per day for 13 – 26 weeks per year.  For properties at a 
distance of 10 rotor diameters, maximum shadow duration is calculated as 30 – 45 minutes 
per day for 10-14 weeks per year.  Clarke (1991) and Taylor & Rand (1991) recommend that 
turbines should be sited at least ten diameters distance from habitation, and Clarke (1991) 
states that greater separation may be necessary if properties are sited to the east - 
southeast or west – southwest. 

 
Other international guidance documents adopt a fixed radius.  The Danish Wind Industry 
Association  website (2010) suggests that at distances greater than 500-1000 m from a wind 
turbine, the rotor will not appear to be „chopping‟ the light, but the turbine will be regarded as 
an object with the sun behind it, and it is therefore not necessary to consider shadow casting 
at such distances.  The South Australian Planning Bulletin (2002) notes that shadow flicker 
is unlikely to be a significant issue at distances greater than 500 m. 

 
The majority of industry respondents who completed the questionnaire as part of this study 
both used the ‟10 x rotor diameter‟ rule when preparing a shadow flicker assessment, and 
considered it an appropriate survey distance.  Of particular note is the potential need for a 
differentiation between impacts at different latitudes, as the sun is lower in the sky for longer 
at higher latitudes, an assertion that is supported by an LPA respondent. 

 
Similarly to industry responses, there was general consensus among LPA respondents that 
the ‟10 x rotor diameter‟ rule was an appropriate assessment area. 
 
It is worth noting the Danish Wind Energy Association website comments that the hub height 
of a wind turbine is of minor importance in determining the shadows cast from the rotor.  The 
same shadow will be spread over a larger area resulting in a reduced intensity of shadow in 
the vicinity of the turbine. 

6.3 Quantitative guidance 

England‟s Companion Guide to PPS22 (2004), Northern Ireland‟s Best Practice Guidance to 
PPS18 (2009), and Scotland‟s PAN45 (2002) (among others) require shadow flicker impacts 
to be quantified by the assessor, however only Northern Ireland‟s Best Practice Guidance to 
PPS18 (2009) and Irish Planning Guidelines (undated) set quantitative limits for acceptable 
duration at 30 hours per year or 30 minutes per day at neighbouring offices and dwellings.  
In addition, Predac (2004) recommends that shadow flicker should not exceed an 
astronomic worst case figure of 30 hours per year or 30 minutes per day at neighbouring 
offices and dwellings, however there is considerable variation between the limits set in 
Germany, Denmark, and the Netherlands. 

 
German guidance (2002) adopts two maximum limits: 

 An astronomic worst case scenario limit of 30 hours per year or 30 minutes on the 
worst affect day; and  

 A realistic scenario taking account of meteorological parameters limited to 8 hours 
per year. 

 
Gipe (1995) states that operational experience from the Untied States suggests shadow 
flicker has generally not been recognised as a significant issue.  In addition, a survey by 
Widing et al. (2005) of residents in Swedish towns near an operational wind farm concludes 
that respondents who claim not to be impacted by shadow flicker were exposed to the 
phenomenon mainly in the morning or in winter.  Contrastingly, those who do experience 
shadow flicker are mainly exposed in the evenings (Widing et al., 2005).   

 
The majority of respondents to the industry questionnaire expressed concerns that 
quantifying acceptable levels of shadow flicker duration would be problematic due to 
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latitudinal variations of impact, and the potential for wind energy developments to be 
rejected where, in reality, mitigation measures could provide a complete solution.  
Conversely to the developer‟s response, LPAs were generally in favour of adopting 
quantitative guidelines, although concerns were raised about the practicalities of 
implementation, in particular the need to characterize the sensitivity of receptors in order to 
determine appropriate levels of shadow flicker.  It is thought that LPAs favour a quantitative 
solution as it is straightforward to assess when developments are taken through the 
planning process. 

6.4 Shadow flicker in offices 

Several guidance documents recommend that in addition to residential properties, shadow 
flicker impacts at offices neighbouring a wind energy development should also be assessed.  
Northern Ireland‟s Best Practice Guidance to PPS18 (2009), Predac (2004), and Irish 
Planning Guidelines (undated) all state that shadow flicker impacts should not exceed 30 
hours per year or 30 minutes per day at neighbouring offices, with Irish Planning Guidelines 
(undated) limiting the survey area to within a 500m fixed-radius.  Of the literature review 
carried out, no academic references to assessing shadow flicker in offices were found. 

 
The shadow flicker case study (Section 5.5) received from our consultation was a complaint 
at an office premises, that was developed after the wind farm was built.   In this situation, it 
was decided that no level of shadow flicker was acceptable, and shadow flicker timers were 
installed to shut down the turbines that caused the issue.  This successful mitigation 
strategy solved the shadow flicker problem in this instance.  

6.5 Shadow flicker – indoor assessment versus outdoor assessment 

England‟s Companion Guide to PPS22 (2004), Northern Ireland‟s Best Practice Guidance to 
PPS18 (2009), and Scotland‟s PAN45 (2002) state categorically that shadow flicker impacts 
are limited to the interior of buildings.  This assertion is also supported by Western United 
States guidance (2005), and Taylor & Rand (1991) who state that shadow flicker effect is 
confined to people inside buildings exposed to light from a narrow window source.  Clarke 
(1991) claims that shadow flicker effect is pronounced in rooms facing the turbine especially 
if the window is the sole source of light.   

 
German guidance (2002), however, suggests that shadow flicker assessments may need to 
be extended to outdoor locations, suggesting a reference height of 2m above ground level.  
Widing et al. (2005) state that a recent Federal Housing Agency document entitled Boverket 
(2003) recommends that shadow flicker should be assessed both on the façade of a building 
(eg. indoors), as well as on the plot of land (eg. the curtilage of the property).  Widing et al. 
(2005) raise concerns that appropriate shadow flicker duration limits for interior and exterior 
locations would need to be adopted. 

 
No industry respondents to the questionnaire have observed shadow flicker occurring 
outside buildings or in circumstances different from those set out in Companion Guide to 
PPS22.  The majority of developers and consultants only assess shadow flicker impacts on 
users within residential properties, with two also assessing the impact on users within the 
curtilage of a property.  It is also clear from the questionnaire, that developers and 
consultants are receptive to assessing non-residential properties, but have reservations 
(albeit with a few exceptions) about assessing road, footpath and bridleway users.  One 
issue that was raised repeatedly by developers and consultants is the need to distinguish 
between the shadow flicker phenomenon that occurs inside a property through constrained 
openings, and an entirely different phenomenon, referred to as passing shadows in outdoor 
locations. 
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A number of LPA respondents (14) would like to see shadow assessments extended to 
cover users other than those inside residential buildings. Conversely to the industry 
responses, LPAs considered that the assessment should include road and bridleway users 
for safety reasons, as well as users of offices and commercial premises. 

 
Canadian guidance (2006) states that farm animals and horses adapt to shadow flicker 
impacts within a brief acclimatization period.  Gipe (2004) suggests that experience in North 
America has shown that shadow flicker may cause a horse to stop briefly until the rider 
urges them on. 

6.6 Proposed mitigations 

A summary of recommended mitigation measures from UK and international guidance 
documents is included in Table 7 below. 

 
Table 7: Summary of mitigation measures in International guidance. 

 

 Careful site 
design 

Turbine shut-
down 

Installation of 
blinds 

Landscaping 
/ vegetation 
screening 

United Kingdom guidance 
England Yes    
Northern 
Ireland 

Yes Yes   

Wales Yes Yes Yes Yes 
International guidance 

Ireland Yes Yes  Yes 
Germany  Yes   
United 
States 

Yes   Yes 

Canada  Yes   
Non-governmental organisation guidance 

International 
Finance 
Corporation 

Yes    

 
It is clear that the most commonly recommended mitigation measures in guidance are 
careful site design to minimise and where possible eliminate potential impacts, and 
implementation of a turbine shut-down strategy if necessary.  Introduction of screening of 
wind turbines by landscaping and vegetation planting also feature strongly among 
recommendations, however installation of blinds in affected properties is exclusively advised 
by the Welsh guidelines (2010). 

 
Verkuijlen & Westra (1984) state that in order to reduce shadow flicker effect, siting of new 
turbines is an important consideration.  Verkuijlen & Westra (1984) also propose that in the 
Netherlands where the predominant wind direction is southwesterly (the same predominant 
wind direction as the UK), siting to the south of buildings would be a good compromise 
between maximising wind resource and minimising shadow flicker impact.  Additional 
mitigation measures proposed by Verkuijlen & Westra (1984), Clarke (1991), and Taylor & 
Rand (1991) include installation of blinds and turbine shut-down strategies.   

 
Of the questionnaire responses received from both industry and LPAs, the clear preference 
for mitigation options proposed at the pre-consent stage is careful site design, and 
implementation of a turbine shut-down strategy if required.  Other mitigation measures that 
feature relatively strongly are introduction of screening through landscaping / vegetation 
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planting, and installation of blinds.  It was noted from the LPA questionnaire that installation 
of blinds and landscaping / vegetation screening are less acceptable as mitigation measures 
as they are harder to enforce and may not necessarily work. 

 
The respondents who stated they had implemented both careful site design and turbine 
shut-down strategies noted that no complaints had been received and by virtue of this it 
could be assumed that the mitigation measures had been successful.  In the case study 
(Section 5.5) relating to a complaint at an office premises, a dual approach was 
implemented involving a turbine shut-down strategy with radiation sensors and a direct shut-
down request system between the complainant and Operation & Maintenance staff at the 
wind farm. 

 
Freund (2002) notes that inaccuracies in shadow flicker modelling methodologies may result 
in wind turbine operators facing unnecessary turbine shut-down systems.  It is important that 
a refined methodology is used to determine the necessity for turbine shut-down to ensure 
mitigation strategies are proportionate to the potential impact. 

6.7 Health effects - epilepsy 

UK advice relating shadow flicker to health effects vary in their finer detail but essentially 
suggest that approximately 0.5% of the UK‟s population suffers from epilepsy, and of these 
between 3.5% (BERR,2007) and 5% (Companion Guide to PPS22, 2004) are photo-
sensitive.  Less than 5% of photo-sensitive epileptics are sensitive to the lowest frequencies 
of 2.5 – 3 Hz (Companion Guide to PPS22, 2004; and Verkuijlen & Westra, 1984), although 
the remainder are sensitive to higher frequencies extending up to 30 Hz (BERR 2007).  
Verkuijlen & Westra (1984) state that higher frequencies of 15-20 Hz may also cause 
convulsions in some epileptics (Ginsburg, 1970).   

 
Canadian guidance (2006) notes that shadow flicker can lead to inducing epilepsy in 
susceptible individuals, however the study team is not aware of any recorded incidents of 
this actually occurring.  This statement is also supported by Verkuijlen & Westra (1984). 

 
BERR (2007) also states that most commercial wind turbines in the UK rotate much more 
slowly than this, at between 0.3 and 1.0 Hz.  Clarke (1991) distinguishes between single 
speed turbines with shadow frequencies of 1-3 Hz and variable speed turbines which may 
produce shadows of 2-6 Hz.   

 
Parsons Brinckerhoff - Note to reader on turbine frequencies 
Frequency of shadow flicker is related to the rotational speed of a wind turbine‟s blades and 
the number of blades.  Commercial scale wind turbines being deployed on developments 
across the UK tend to have three blades.  The rotational speed of a turbine depends on the 
generator technology used within the nacelle.  Older turbine models used asynchronous 
generators which were essentially „fixed speed‟.  Modern turbines tend to use a generation 
technology that allows a limited degree of change in rotational speed – „variable speed‟.  
Many of the major manufacturers are now developing „direct drive‟ wind turbines which can 
have a much larger range of speeds to optimise the energy that can be captured.  Due to 
technical constraints, larger turbines tend to rotate slower than smaller turbines. 

 

6.8 Health effects and nuisance 

Several guidance documents – BERR (2007), Western United States (2005), Canada 
(2006)  -make a distinction between health effects related to epileptic seizures and impacts 
on residential amenity. 
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Burton et al. (2001) note that of the general population, some 10% of adults and 15-30% of 
children are disturbed to some extent by light variations at frequencies of 15-20 Hz.  The 
range of nuisance frequencies in most people who were tested is between 5 and 14 Hz 
(Collins & Hopkinson, 1957; Schreuder, 1964), and below 2.5 Hz and above 40 Hz, hardly 
any nuisance is caused. A typical wind turbine rotation frequency is 0.3 – 1Hz (BERR, 
2007). 

 
Psychology research by Pohl et al. (1999) into the impact of shadow flicker on indicators of 
performance, mental and physical well-being, cognitive processing and stress of the 
autonomic nervous system, demonstrates that shadow flicker effect does not constitute a 
significant harassment.  However, under specific conditions the increased demands on 
mental and physical energy indicated that cumulative long term effects might meet the 
criteria of a significant nuisance.  In this study, shadows were simulated using an lighting 
system set up to produce a similar effect to wind turbine blades. 

6.9 Environmental and site-specific factors 

As a general rule, most best practice guidance documents suggest that an astronomic worst 
case scenario is adopted when preparing shadow flicker assessments, and that no 
environmental and site-specific factors are built into the modelling stage.   

 
However, there are exceptions to this rule, with several guidance documents suggesting that 
ameliorating factors should be taken into account during the modelling stage.  Gipe (2004) 
provides evidence from Germany that shadow flicker duration under a worst case 
calculation would be 100 minutes per year, but under normal circumstances, the turbine only 
produces 20 minutes per year.  

 
BERR (2007) (now DECC) states that the following factors should be considered in shadow 
flicker assessments: 

 Window widths; 
 Uses of the affected rooms; 
 Intervening topography; and 
 Intervening vegetation. 
 

Best Practice Guidance for the Irish Wind Energy Industry (2008) also advocates that it is 
reasonable to include ambient environmental conditions such as wind direction and general 
climatic data in shadow flicker models.  Furthermore, Predac (2004) notes that Danish 
guidance takes into account „average cloud cover‟.  German guidance (2002) stipulates that 
sun angles less than 3 degrees above the horizon should be removed from the analysis due 
to the likelihood that vegetation and buildings will remove the shadow impact.  In addition, 
Clarke (1991) comments that the number of sunny hours is likely to be lower in October 
through to early February although this will likely be the windiest period. 

 
German guidance (2002) proposes a methodology for undertaking a realistic shadow flicker 
assessment taking into account meteorological information such as luminosity. 

 
There are obvious difficulties when introducing meteorological conditions into shadow flicker 
modelling.  In particular, there would be a need to establish a clear set of guidelines 
detailing an assessment methodology and suitable data sources. 

 
From the industry questionnaire, the vast majority of developers and consultants carry out 
assessments that adhere to the worst case scenario.  A number of developers currently 
carry out realistic assessments.  The industry questionnaire also revealed that when 
undertaking shadow flicker assessments, over half of the respondents introduced 
environmental data into their software models.  It is clear from the questionnaire however 
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that there is no consistent approach to developer methodologies.  Environmental and site 
specific parameters that developers introduce include: 

 Existing screening. 
 Intervening topography 
 Window widths; 
 Wind direction; 
 Orientation and size of the affected window; 
 Uses of the affected rooms. 

 
Of the LPA respondents, a significant majority considered that shadow flicker assessments 
based on the worst case scenario criteria are appropriate, with several commenting that a 
realistic assessment should also be carried out.  A significant majority of LPA respondents 
also felt that introduction of field data would aid the assessment by making it more realistic 
and helping planners to make an informed decision. 

6.10 Planning conditions 

BERR (2007) proposes the following planning condition where shadow flicker may have a 
potentially significant impact: 

 
“The operation of the turbines shall take place in accordance with the approved 
shadow flicker mitigation protocol unless the Local Planning Authority gives its prior 
written consent to any variation.” 

 
German guidance also makes reference to adopting a planning condition for installation of 
automatic turbine shut-down timers.   

 
Over half of the LPA respondents to the questionnaire have been involved with assigning a 
planning condition relating to shadow flicker.  The wording of planning condition vary 
considerably, with some planning conditions providing prescriptive requirements for shadow 
flicker mitigation strategies, whilst others are more general and lack detail.  This could be 
due to project specifics and the requirements of individual LPAs.  Example planning 
conditions provided by LPAs during the questionnaire process are included below:  

 
“At the request of the occupant of the affected property, any turbine producing shadow 
flicker at any occupied dwelling which existed at the time that this permission was 
granted shall be shut down and the blades remain stationary until the conditions 
causing those shadow flicker effects have passed. The development shall be carried 
out in accordance with the approved details.” 

 
“The wind turbines hereby approved shall not begin operation until a scheme for the 
avoidance of any shadow flicker effect for dwellings within 10 rotor diameters of any 
turbine in the development has been submitted in writing to and approved by the Local 
Planning Authority. The approved scheme shall be implemented as approved.” 
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7 CONCLUSIONS 

This report has looked at the issue of shadow flicker from wind turbines, and presents data 
from a literature review, survey of international guidance and the results of a questionnaire 
sent to industry stakeholders. 
 
The extent of the impact that shadow flicker causes is given in a psychology study (Pohl, 
1999).  This study concludes that the shadow flicker effect did not constitute a significant 
harassment.  However, under specific conditions the increased demands on mental and 
physical energy, indicated that cumulative long-term effects might meet the criteria of a 
significant nuisance.  This demonstrates the need to reduce the impact where possible. 
 
A key finding of this study is that in the UK there have not been extensive issues with 
shadow flicker, and the results of a questionnaire survey to the industry and planning 
authorities has yielded few complaints.  In these cases, shadow flicker issues were resolved 
using turbine shut down systems which are the standard mitigation approach adopted 
across Europe. 
 
Current guidance to assess shadow flicker in the Companion Guide to PPS22 (2004) states 
that impacts occur within 130 degrees either side of north from a turbine.  This has been 
found to be an acceptable metric.  Additionally, the 10 rotor diameter rule has been widely 
accepted across different European countries, and is deemed to be an appropriate 
assessment area, although there is potentially a need to differentiate between appropriate 
assessment areas at different latitudes.  This is an area where the scientific evidence base 
could be readdressed. 
 
Across Europe and further afield, different countries have varying guidance on shadow 
flicker assessment.  In all countries investigated where shadow flicker is a perceived issue, it 
falls under the remit of „best practice‟ guidelines rather than regulatory policy.  Some 
countries have adopted quantitative guidance, with limits on the flicker that can result from a 
development.  During our consultation with the wind industry and LPAs, concerns were 
raised about the practicalities of implementing such a system in the UK.  
 
Mitigation measures adopted by developers have been successful.  Careful site design to 
eliminate shadow impacts is important, with mitigation measures such as turbine shut down 
systems being used regularly.  These systems are acceptable for all parties, and by virtue of 
their success, the issue of shadow flicker appears to be minor.  Mitigation measures are 
often put into planning conditions.   
 
It is clear that there is no standard methodology that all developers adopt when carrying out 
shadow flicker assessments, and different developers and local authorities have different 
ways of approaching the assessment.  Developers tend to use a „worst case‟ assessment, 
with some developers using environmental or site specific factors to produce a „realistic‟ 
case.  Whilst the industry software that we reviewed can only be used to carry out worst 
case shadow flicker assessments, there is perhaps a need to address worst-case and 
realistic shadow flicker in assessments.  
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9 APPENDICES 

Appendix 1 Case study demonstrating Shadow Flicker Assessment – Taken from Notes on the 
Identification and Evaluation of the Optical Emissions of Wind Turbines, States 
Committee for Pollution Control – Nordrhein-Westfalen (2002) 

Appendix 2 Industry Questionnaire 

Appendix 3  LPA Questionnaire (England) 

Appendix 4 LPA Questionnaire (Scotland) 

Appendix 5  LPA Questionnaire (Wales) 

Appendix 6 LPA Questionnaire (Northern Ireland) 
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Appendix 1 
 
Case study demonstrating Shadow Flicker Assessment – Taken from Notes on the 
Identification and Evaluation of the Optical Emissions of Wind Turbines, 
States Committee for Pollution Control – Nordrhein-Westfalen (2002) 
 
This literature document from Germany (detailed in Section 3) provides an example case 
study demonstrating how shadow flicker should be calculated. 
 
To calculate the actual duration of shading, meteorological information needs to be taken 
into account.  The first parameter taken into account is luminosity – see Table 8 and Table 9 
for luminosity data from the German weather service. 

 
Table 8: Data from the German Weather Service (taken directly from paper) 

 
Sun Illuminance Radiation Equivalent 

[°] [lx] [lx/Wm-2] 
3 389 62 

60 10.912 105 

 
Table 9: A linear interpolation of the above metrological data. (taken directly from paper) 

 

Sun Illuminance 

[°] [lx] 
3 389 

5 664 

10 1402 

15 2207 

20 3071 

25 3986 

30 4942 

35 5929 

40 6935 

45 7949 

50 8959 

55 9951 

60 10912 

 
Day length is then calculated by using representative sunrise and sunset data for different 
locations across Germany and during different months of the year – see Table 10. 
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Table 10: Day lengths for different locations and months of year (taken directly from paper) 
 

 Berlin Essen Hanover Karlsruhe Munchen Schleswig Schwerin 
01-Jan 8:17; 

16:03 
8:37; 
16:34 

8:32; 
16:18 

8:21; 
16:40 

8:04; 
16:31 

8:44; 
16:07 

8:32; 
16:05 

01-Apr 5:41; 
18:41 

6:08; 
19:07 

5:56; 
18:56 

6:04; 
18:59 

5:52; 
18:44 

5:54; 
18:58 

5:48; 
18:50 

01-Jul 3:48; 
20:32 

4:20; 
20:52 

4:03; 
20:47 

4:26; 
20:34 

4:18; 
20:17 

3:51; 
21:00 

3:49; 
20:47 

01-Oct 6:07; 
17:44 

6:33; 
18:10 

6:22; 
17:59 

6:26; 
18:06 

6:13; 
17:53 

6:24; 
17:58 

6:16; 
17:51 

 
The shadow flicker study area is then calculated using variables such as hub height and 
rotor diameter of the turbine.   The following table and figure have been produced for sample 
data with a turbine located in flat terrain in central Germany.  The receptor is 2m above 
ground level and has an area of 0.1 x 0.1 m2.  Table 11 below summarises the parameters 
and results of the sample study. 

 
Table 11: Summary of parameters and results for the sample study. (taken directly from 
paper) 

 
ID Hub Rotor Azimuth Distance between  Hours Days  Minutes 

 

No. height diameter from north Turbine and  / year / year / day 
 

   to east receptor     
 

 [m] [m] [°] [m]    
 

1 
60 40 

0° 150 90 124 60 
 

2 40° 300 25 62 32 
 

3   120° 450 15 49 22 
 

4   0° 250 83 111 56 
 

5 90 60 40° 400 28 61 36 
 

6   120° 650 14 46 22 
 

7 
100 80 

0° 300 98 108 62 
 

8 40° 500 37 76 38 
 

9   120° 750 20 54 26 
 

 
Figure 11 shows the potential shading area of a large wind turbine. The dashed lines to the 
north represent the shadow limit on 21st December and the south dashed line represents the 
shadow limit on 21st June.  The dotted lines to the east and west show the limit of impact 
due to shadow contrast.  It can be seen that the shading region is symmetrical due to the 
path of the sun.   
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Figure 11: Possible shading area of a large wind turbine 
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The Community Noise and Health Study conducted by Health Canada included randomly selected

participants aged 18–79 yrs (606 males, 632 females, response rate 78.9%), living between 0.25 and

11.22 km from operational wind turbines. Annoyance to wind turbine noise (WTN) and other fea-

tures, including shadow flicker (SF) was assessed. The current analysis reports on the degree to which

estimating high annoyance to wind turbine shadow flicker (HAWTSF) was improved when variables

known to be related to WTN exposure were also considered. As SF exposure increased [calculated as

maximum minutes per day (SFm)], HAWTSF increased from 3.8% at 0� SFm< 10 to 21.1% at

SFm� 30, p< 0.0001. For each unit increase in SFm the odds ratio was 2.02 [95% confidence interval:

(1.68,2.43)]. Stepwise regression models for HAWTSF had a predictive strength of up to 53% with

10% attributed to SFm. Variables associated with HAWTSF included, but were not limited to, annoy-

ance to other wind turbine-related features, concern for physical safety, and noise sensitivity.

Reported dizziness was also retained in the final model at p¼ 0.0581. Study findings add to the grow-

ing science base in this area and may be helpful in identifying factors associated with community

reactions to SF exposure from wind turbines. VC 2016 Crown in Right of Canada. All article content,
except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1121/1.4942403]

[JFL] Pages: 1480–1492

I. INTRODUCTION

There are a growing number of studies that have assessed

community annoyance to wind turbine noise (WTN) exposure

using modeled WTN levels and/or proximity to wind turbines

(WTs) (Pedersen and Persson Waye, 2004, 2007; Pedersen

et al., 2007; Pedersen et al., 2009; Pedersen, 2011; Verheijen

et al., 2011; Pawlaczyk-Łuszczy�nska et al., 2014; Tachibana

et al., 2014). Adding to these findings are the results from the

Health Canada Community Noise and Health Study (CNHS)

where it was found that the prevalence of self-reported high

annoyance to several WT features, including noise, vibrations,

visual impact, blinking lights, and shadow flicker (SF)

increased with increasing exposure to modeled outdoor A-

weighted WTN levels (Michaud et al., 2016b).

This suggests that in addition to providing an estimate of

WTN annoyance, modeled WTN levels could also be used to

estimate annoyance from other WT-related variables.

Although there is a benefit to using WTN to estimate multiple

community reactions, the advantages of a more parsimonious

exposure assessment may not necessarily be the best approach

for estimating annoyance responses that are based on visuala)Electronic mail: david.michaud@canada.ca

1480 J. Acoust. Soc. Am. 139 (3), March 2016 0001-4966/2016/139(3)/1480/13
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perception. These reactions may be estimated with more accu-

racy with an exposure model that estimates the visual expo-

sure that is presumably causing annoyance. In this regard,

there was an opportunity in the CNHS to investigate the prev-

alence of high annoyance to wind turbine shadow flicker

(HAWTSF) using a commercially available model for SF

exposure.

WT SF is a phenomenon that occurs when rotating blades

from a WT cast periodic shadows on adjacent land or proper-

ties [Bolton, 2007; Department of Energy and Climate

Change (DECC), 2011; Saidur et al., 2011]. The occurrence

of SF is determined by a specific set of variables that include

the hub height of the turbine, its rotor diameter and blade

width, the position of the Sun, and varying weather patterns,

such as wind direction, wind speed, and cloud cover [Harding

et al., 2008; Massachusetts Department of Environmental

Protection (MassDEP) and Massachusetts Department of

Public Health (MDPH), 2012; Katsaprakakis, 2012]. As the

onset of shadow flickering will only occur when the WT

blades are in motion, it will always be associated with at least

some level of WTN emissions. When studying the effects of

SF, it is therefore important to also consider personal and sit-

uational variables that have been assessed in relation to WTN

annoyance. These include, but are not limited to, noise sensi-

tivity, concern for physical safety, reported health effects,

property ownership, presence of WTs on property, type of

dwelling, personal benefit, etc. (Michaud et al., 2016a).

Unlike annoyance reactions, conceptually, “concern for physi-
cal safety” from having WTs in the area was not considered

to necessarily be a response to operational WTs. Rather, this

is more likely to reflect an attitudinal variable that could exert

an influence on the response to SF. This would align with the

research that has repeatedly demonstrated that “fear of the
source,” but not its associated noise, has been found to have

an influence on noise annoyance (Fields, 1993).

The current analysis follows the approach presented by

Michaud et al. (2016a). Two multiple regression models are

provided for HAWTSF. The first model is unrestricted, with

variables retained in the model based solely on their statisti-

cal strength of association with HAWTSF. In contrast, the sec-

ond model can be viewed as restricted, insofar as variables

that are reactions to WT operations are not considered. The

rationale for two models is that while the unrestricted model

reports on all of the variables that were found to be most

strongly associated with HAWTSF in the current study, the

restricted model may yield information that could be used to

identify annoyance mitigation measures and other methods

of accounting for HAWTSF, over and above reducing SF

exposure levels.

II. METHODS

A. Sample design

1. Target population, sample size and sampling frame
strategy

A detailed description of the study design and methodol-

ogy, the target population, final sample size, and allocation

of participants, as well as the strategy used to develop the

sampling frame has been described by Michaud et al. (2013)

and Michaud et al. (2016b). Briefly, the study locations were

drawn from areas in southwestern Ontario (ON) and Prince

Edward Island (PEI) having a relatively high density of

dwellings within the vicinity of WTs. Preference was also

given to areas that shared similar features (i.e., rural/semiru-

ral, flat terrain, and free of significant/regular aircraft expo-

sure that could confound the response to WTN). There were

2004 potential dwellings identified from the ON and PEI

sampling regions which included a total of 315 and 84 WTs,

respectively. The WT electrical power outputs ranged

between 660 kW and 3 MW, with hub heights that were pre-

dominantly 80 m. To optimize the statistical power1 of the

study in order to detect an association between WTN and

health effects, all identified dwellings within 600 m from a

WT were sampled, as occupants in these dwellings would be

exposed to the highest WTN levels. Dwellings at further dis-

tances were randomly selected up to 11.22 km from a WT.

This distance was selected in response to public consultation,

and to ensure that exposure-response assessments would

include participants unexposed to WTN. The target popula-

tion consisted of adults aged 18 to 79 yrs.

This study was approved by the Health Canada and

Public Health Agency of Canada Review Ethics Board

(Protocol Nos. 2012-0065 and 2012-0072).

B. Data collection

1. Questionnaire content and administration

A detailed description of the questionnaire content, pilot

testing, administration, and the approaches used to increase

participation have been described in detail by Michaud et al.
(2016b), Michaud et al. (2013), and Feder et al. (2015).

Briefly, the questionnaire instrument included modules on

basic demographics, noise and shadow annoyance, health

effects (e.g., tinnitus, migraines, dizziness), quality of life,

sleep quality, perceived stress, lifestyle behaviours, and

chronic diseases.

Data were collected by Statistics Canada who communi-

cated all aspects of the study as the CNHS. This was an

attempt to mask the study’s true intent, which was to assess

the community response to WTs. This approach is commonly

used to avoid a disproportionate contribution from any group

that may have distinct views toward the study subject. Sixteen

(16) interviewers collected study data through in-person inter-

views between May and September 2013 in southwestern ON

and PEI. Once a roster of all adults aged 18 to 79 yrs living in

the dwelling was compiled, a computerized method was used

to randomly select one adult from each household. No substi-

tution was permitted under any circumstances.

2. Defining percent highly annoyed by SF exposure

As part of the household interview, participants were

asked if they could see WTs from anywhere on their prop-

erty. Participants that indicated they could see WTs were

then asked to rate their magnitude of annoyance with

“shadows or flickers of light” (hereafter referred to as SF

annoyance) from WTs by selecting one of the following

J. Acoust. Soc. Am. 139 (3), March 2016 Voicescu et al. 1481
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categories: “not at all,” “slightly,” “moderately,” “very,” or

“extremely.” Consistent with the approach recommended in

ISO/TS-15666 (2003), the top two categories were collapsed

to create a “highly annoyed” group (i.e., HAWTSF). This

group was compared to a group defined as “not highly
annoyed” which consisted of all other categories, including

those who did not see WTs. The same approach was taken

for defining the percentage highly annoyed by WTN

(Michaud et al., 2016a).

C. Modeling WT SF

SF exposure was calculated for all dwellings with

WindPro v. 2.9 software (EMD International
VR

, 2013a,b). The

model estimated SF exposure from all possible visible WTs

from a particular dwelling. WindPro sets the maximum

default distance that is used to create this exposure area to be

2 km from a WT, based on available German nationwide

requirements (German Federal Ministry of Justice, 2011;

EMD International
VR

, 2013a,b). Beyond this distance, the

model assumes that shadow exposure will dissipate before

reaching dwellings. At 2 km an object must be at least 17.5 m

wide to be able to fully cover the Sun’s disk and thus cause a

maximum variation in light intensity. As WT blades are much

narrower, the sunlight will only be partially blocked and the

variation in light intensity will be considerably decreased.

Other calculation parameters were set for the astronomical

maximum shadow durations (i.e., worst case) including: solar

elevation angles greater than 3� above the horizon; no clouds;

constant WT operation; and rotor and dwelling facade perpen-

dicular to the rays of the Sun (German Federal Ministry of

Justice, 2011). Base maps set within the appropriate UTM

grid zones for the studied areas were fitted with local height

contours and land cover data for forested areas (Natural

Resources Canada, 2016). Average tree heights for the most

common tree species were estimated for both provinces

(Gaudet and Profitt, 1958; Peng, 1999; Sharma and Parton,

2007; Schneider and Pautler, 2009; Ontario Ministry of

Natural Resources, 2014) as vegetation can block the line of

sight of a turbine and thus may reduce SF exposure

[Massachusetts Department of Environmental Protection

(MassDEP) and Massachusetts Department of Public Health

(MDPH), 2012; EMD International
VR

, 2013a,b]. The model

calculates SF exposure at the dwelling window, which factors

in window dimensions, window height above ground, and

window distance from room floor for all dwellings. In the cur-

rent study, the WindPro default window dimension

(1 m� 1 m) and distance from the bottom of the window to

the room floor (1 m) were considered to be representative of

the dwellings in the CNHS. With regards to dwelling height,

the default value in WindPro is 1.5 m from the ground; how-

ever, in order to be consistent with modeled WTN and stand-

ard practice in Canada (ONMOE, 2008; Keith et al., 2016), a

dwelling height of 4 m was chosen. The “greenhouse” mode

for SF exposure calculation was used, which considers that

the dwelling window can be affected by SF from all possible

directions by all WTs within the line of sight of a dwelling.

As a result, the calculations provided worst-case SF exposure

for all dwelling windows from each facade.

As mentioned above, SF occurs together with noise emis-

sions. Therefore, WTN levels considered in this analysis are

based on the calculations presented by Keith et al. (2016).

D. Model uncertainties

There are some limitations associated with the current

available SF calculation models, which may have an influence

on the analysis of the study responses. With regards to this

particular model, there are uncertainties regarding the specific

distance from a WT where SF ceases to be visible, when the

worst-case scenario method is employed (EMD International,

2013a,b). However, when applying Weber’s Law of Just

Noticeable Difference (Ross, 1997) to the turbines in this

study, the distance at which the shadow flickering ceases to be

noticeable falls within the 2 km exposure range, which is in

line with the software default parameters. Even the combined

uncertainty of 655 m that is associated with using GPS to

estimate the location of the dwellings and the location of the

WTs in the study (Keith et al., 2016), is not likely to have a

large impact on SF exposure near the WindPro 2 km default

exposure limit. The impact of this uncertainty increases with

decreasing distance between the dwelling and WT (Fig. 1).

This is especially the case in the North to South orientation

relative to the WT (e.g., dwelling H, Fig. 1). In a worst case

scenario, due to the nature of SF exposure, at close distances

to the WT it is possible that dwellings could be misclassified

as having no exposure when they may in fact receive high lev-

els of SF exposure or vice-versa (e.g., dwelling E, Fig. 1).

Shadow areas as well as turbine and dwelling points were

plotted using WindPro v. 3.0 (EMD International
VR

, 2015) and

Global Mapper v.14 (Blue Marble Geographics
VR

, 2012).

These plots indicate that approximately 10% of the dwellings

included in the analysis are at risk of being misclassified with

regards to their respective SF exposure groups (Sec. II E).

E. Statistical analysis

The analysis for categorical outcomes follows very

closely the description as outlined in Michaud et al. (2013).

SF exposure groups were delineated in the following manner:

• in hours per year (SFh): (i) 0�SFh< 10, (ii) 10�SFh

< 30, and (iii) SFh� 30;
• in days per year (SFd): (i) 0�SFd< 15, (ii)

15�SFd< 45, and (iii) SFd� 45;
• in maximum minutes per day (SFm): (i) 0� SFm< 10, (ii)

10�SFm< 20, (iii) 20�SFm< 30, and (iv) SFm� 30.

The Cochran-Mantel-Haenszel (CMH) chi-square test

was used to detect associations between sample characteristics

and SF exposure groups while controlling for province. As a

first step to develop the best predictive model, univariate

logistic regression models for HAWTSF were fitted, with SFm

categories as the exposure of interest, adjusted for province

and a predictor of interest. It should be emphasized that poten-

tial predictors considered in the univariate analysis have been

previously demonstrated to be related to the modeled endpoint

and/or considered by the authors to conceptually have a

potential association with the modeled endpoint. In the ab-

sence of other possibly important predictors, the interpretation

1482 J. Acoust. Soc. Am. 139 (3), March 2016 Voicescu et al.

 Redistribution subject to ASA license or copyright; see http://acousticalsociety.org/content/terms. Download to IP:  207.34.120.71 On: Mon, 04 Apr 2016 14:39:33

Exhibit_DK-2 
Page 304 of 626

 
005246

ADMINISTRATIVE RECORD - Scan 2 - Page 336 of 449

- Page 420 -



of any individual relationship in the univariate analysis must

be made with caution as it may be tenuous.

The unrestricted and restricted multiple logistic regres-

sion models for HAWTSF were developed using stepwise

regression with a 20% significance entry criterion for predic-

tors (based upon univariate analyses) and a 10% significance

criterion to remain in the model. The stepwise regression

was carried out in three different ways: (1) the base model

included exposure to SFm categories and province; (2) the

base model included exposure to SFm categories, province,

and an adjustment for participants who reported receiving

personal benefit from having WTs in the area; and (3) the

base model included exposure to SFm categories and prov-

ince, conditioned on those who reported receiving no perso-

nal benefit. In all models, SFm categories were treated as a

continuous variable. The unrestricted model aimed to iden-

tify variables that have the strongest overall association with

HAWTSF. In the restricted model, the variables not consid-

ered for entry were those that were subjective responses to

WT operations, such as high annoyances to visual, blinking

lights, noise, vibrations, the World Health Organization

(WHO) domain score, as well as the two standalone WHO

questions (Quality of Life and Satisfaction with Health) and

the perceived stress scale (PSS) scores.

Exact tests were used in cases when cell frequencies

were <5 in the contingency tables or logistic regression

models (Stokes et al., 2000; Agresti, 2002). All models were

adjusted for provincial differences. Province was initially

assessed as an effect modifier. Since the interaction between

modeled SF exposure and province was never statistically

significant, province was treated as a confounder in all of the

regression models. The Nagelkerke pseudo R2 and Hosmer-

Lemeshow (H-L) p-value are reported for all logistic regres-

sion models. The Nagelkerke pseudo R2 indicates how useful

the explanatory variables are in predicting the response vari-

able. When the p-value from the H-L goodness of fit test is

>0.05, it indicates a good fit.

Statistical analysis was performed using Statistical

Analysis System (SAS) version 9.2 (2014). A 5% statistical

significance level was implemented throughout unless other-

wise stated. In addition, Bonferroni corrections were made

to account for all pairwise comparisons to ensure that the

overall Type I (false positive) error rate was less than 0.05.

III. RESULTS

A. Response rates, WT SF and WTN levels at
dwellings

Of the 2004 potential dwellings, 1570 were valid dwell-

ings2 and 1238 individuals agreed to participate in the study

(606 males, 632 females). This produced a final response

rate of 78.9%. Table I presents information about the study

population by the SFm categories, as this exposure parameter

was found to be the most strongly associated with HAWTSF

when compared to shadow exposure in hours per year (SFh)

and total shadow days per year (SFd) (see Sec. III B). The

majority of respondents were located in the two lowest SF

exposure groups, i.e., 0�SFm< 10 (n¼ 654, 53.0%) and

10� SFm< 20 (n¼ 233, 18.9%), and the least number of

respondents (n¼ 161, 13.1%) were situated in areas where

SFm� 30. Employment (p¼ 0.0186), household annual

income (p¼ 0.0002), and ownership of property in PEI

(p< 0.0001) were significantly related to SF categories

(Table I). Participants receiving personal benefits from hav-

ing WTs on their properties were not equally distributed

between SF categories (p< 0.0001) with the greatest propor-

tion of these participants situated in areas with SFm� 20.

Self-reported prevalence of health effects such as migraines/

FIG. 1. A theoretical illustration of co-exposure to modeled WT SF and WTN levels. This figure presents a simulation of SF and noise exposure generated by

eight WTs on flat terrain, with shadow coverage and WTN level contours described by the sequential color palettes in the legend box. The particular shape of

the shadow coverage is created as the Sun moves behind the turbines throughout the day, generating a bowtie-shaped coverage area that is due to longer shad-

ows at sunrise and sunset and shorter shadows at mid-day. In an actual WT park, dwellings are exposed to the combination of SF exposure from multiple tur-

bines, as illustrated in this figure. As can be seen in the case of dwelling I, it is theoretically possible for a dwelling to be located relatively close to a WT,

where WTN levels exceed 40 dBA, but outside the SF exposure area. For this demonstration, calculations were carried out with WindPro 3.0 (EMD

International
VR

, 2015) and projected with Global Mapper v.14 (Blue Marble Geographics
VR

, 2012). WindPro 3.0 is used here in order to simultaneously present

both WTN levels and shadow exposure. Shadow exposure is quantified in SFm, while WTN noise levels are expressed in A-weighted decibels (dBA).
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headaches, chronic pain, dizziness, and tinnitus were all found

to be equally distributed across SF categories (data not

shown). The corresponding A-weighted WTN levels and

proximity to the nearest WT are also shown in Table I.

B. Percentage highly annoyed by SF exposure from WTs

Regardless of the parameter used to quantify SF expo-

sure, in all cases the predictive strength of the base model

was statistically weak. Nevertheless, an analysis based on

SFm had the largest R2 (R2¼ 11%, compared to 10% for SFh

and 8% for SFd; data not shown). Therefore, results are pre-

sented for HAWTSF with respect to SFm.

A statistically significant exposure-response relationship

was found between SFm and reporting to be HAWTSF. As

such, the prevalence of HAWTSF increased from 3.8% in the

lowest modeled SF exposure group (0�SFm< 10) to 21.1%

when modeled shadow exposure was above or equal to 30

min per day, which represents almost a six-fold increase in

the prevalence of HAWTSF from the lowest exposure category

to the highest. In comparison to an exposure duration of

0� SFm< 10, the OR for HAWTSF was statistically similar to

TABLE I. Sample characteristics by SF exposure.

Shadow flicker exposure (SFm)

CMH p-valueaVariable 0�SFm< 10 10�SFm< 20 20�SFm< 30 SFm� 30 Overall

n 657b 234b 185b 162b 1238b

SFh min–maxc 0–4.5 1.67–24.10 6.07–62.65 15.05–136.67

SFd min–maxd 0–62 14–133 28–228 39–242

Distance between dwellings and nearest WT (km) min–max 0.40–11.22 0.44–1.46 0.33–1.18 0.25–0.84

Distance between dwellings and nearest WT (km) 50th,

95th percentiles

1.38, 8.54 1.02, 1.38 0.81, 1.05 0.60, 0.78

WTN level (dB) min–max <25–43 29–43 32–45 35–46

WTN level (dB) 50th, 95th percentiles 33, 41 36, 41 38, 42 40, 45

Do not see WT n (%) 133 (20.3) 11 (4.7) 3 (1.6) 2 (1.2) 149 (12.1)

Highly annoyed to WTSFe n (%) 25 (3.8) 12 (5.2) 25 (13.5) 34 (21.1) 96 (7.8) <0.0001

Highly annoyed by WTN (either indoors or outdoors)e n (%) 38 (5.8) 14 (6.0) 18 (9.7) 19 (11.8) 89 (7.2) 0.0013

Highly annoyed by WTN indoorse n (%) 20 (3.1) 10 (4.3) 6 (3.2) 11 (6.8) 47 (3.8) 0.0275

Highly annoyed by WTN outdoorse n (%) 44 (6.7) 15 (6.4) 22 (11.9) 21 (13.0) 102 (8.3) 0.0012

Highly annoyed by WT blinking lightse n (%) 54 (8.3) 21 (9.0) 26 (14.1) 21 (13.0) 122 (9.9) 0.0033

Highly annoyed visually by WTe n (%) 70 (10.7) 33 (14.1) 30 (16.2) 26 (16.2) 159 (12.9) 0.0054

Highly annoyed by WT vibrationse n (%) 8 (1.2) 0 (0.0) 5 (2.7) 6 (3.8) 19 (1.5) 0.0147

Sex n (%males) 318 (48.4) 120 (51.3) 95 (51.4) 73 (45.1) 606 (49.0) 0.9432

Age mean (SE) 51.91 (0.71) 50.71 (1.13) 50.44 (1.21) 51.01 (1.25) 51.61 (0.44) 0.5854f

Marital Status (PEI) n (%) 0.0724g

Married/Common-law 73 (60.3) 16 (80.0) 29 (87.9) 38 (71.7) 156 (68.7)

Widowed/Separated/Divorced 22 (18.2) 2 (10.0) 1 (3.0) 8 (15.1) 33 (14.5)

Single, never been married 26 (21.5) 2 (10.0) 3 (9.1) 7 (13.2) 38 (16.7)

Marital Status (ON) n (%) 0.1939 g

Married/Common-law 371 (69.5) 137 (64.0) 110 (72.8) 74 (67.9) 692 (68.7)

Widowed/Separated/Divorced 103 (19.3) 38 (17.8) 21 (13.9) 20 (18.3) 182 (18.1)

Single, never been married 60 (11.2) 39 (18.2) 20 (13.2) 15 (13.8) 134 (13.3)

Employment n (%employed) 359 (54.7) 149 (63.7) 111 (60.0) 103 (63.6) 722 (58.4) 0.0186

Agricultural employment n (%) 50 (14.0) 25 (16.9) 6 (5.5) 17 (16.7) 98 (13.7) 0.6272

Level of education n (%) 0.8435

�High School 357 (54.4) 130 (55.6) 100 (54.1) 91 (56.2) 678 (54.8)

Trade/Certificate/College 254 (38.7) 87 (37.2) 72 (38.9) 56 (34.6) 469 (37.9)

University 45 (6.9) 17 (7.3) 13 (7.0) 15 (9.3) 90 (7.3)

Household income (�$1000) n (%) 0.0002

<60 300 (53.3) 111 (55.5) 70 (45.5) 50 (37.3) 531 (50.5)

60–100 155 (27.5) 56 (28.0) 43 (27.9) 46 (34.3) 300 (28.5)

�100 108 (19.2) 33 (16.5) 41 (26.6) 38 (28.4) 220 (20.9)

Property ownership (PEI) n (%) 83 (68.6) 20 (100.0) 31 (93.9) 48 (90.6) 182 (80.2) <0.0001e

Property ownership (ON) n (%) 471 (87.9) 188 (87.9) 134 (88.2) 101 (92.7) 894 (88.4) 0.5419e

Receive personal benefits n (%) 37 (6.0) 19 (8.4) 23 (12.6) 31 (19.5) 110 (9.3) <0.0001

aThe CMH chi-square test is used to adjust for province unless otherwise indicated.
bTotals may differ due to missing data.
cSFh, maximum number of hours of SF in hours per day.
dSFd, maximum amount of SF exposure in days per year.
eHighly annoyed includes the ratings very or extremely.
fTwo-way analysis of variance adjusted for province.
gChi-square test of independence.
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that for 10�SFm< 20 [1.29, 95% confidence interval (CI):

(0.50, 3.33)]; and then significantly increased with increasing

SFm from 3.94 [95% CI: (1.80, 8.63)] at 20� SFm< 30 to

7.51 [95% CI: (3.54, 15.96)] for SFm� 30. Significant

increases were also observed between the two highest SF ex-

posure groups (20�SFm< 30, SFm� 30) and those exposed

to 10� SFm< 20 (see Fig. 2).

1. Univariate analysis of variables related to HAWTSF

Several variables were considered for their potential asso-

ciation with HAWTSF (see Table II). A cautious approach

should be taken when interpreting univariate results as these

models do not account for the potential influence from other

variables. The base model had an R2 of 11%, compared to a

base model of 10% when modeled using outdoor A-weighted

WTN as a surrogate of SF exposure (data not shown). Prior to

adjusting for other factors, the prevalence of HAWTSF was sig-

nificantly higher in ON (p¼ 0.0193). As WTN exposure and

SF can occur simultaneously, the interaction between WTN

levels and SFm was also tested to assess the possible influence

that such an interaction may have on HAWTSF. As can be seen

from Table II, the interaction between WTN levels and SF ex-

posure was statistically significant (p¼ 0.0260), and increased

the R2 to 15%. This is somewhat better than the 11% obtained

from the base model.

Factors beyond SF and WTN exposure were also con-

sidered for their potential influence on HAWTSF. Participants

who owned their property had 6.38 times higher odds of

reporting HAWTSF compared to those who were renting

property [95% CI: (1.54, 26.39)]. Those who did not receive

a personal benefit from having WTs in the area were found

to have 4.03 times higher odds of being HAWTSF compared

to those who did receive personal benefits [95% CI: (1.42,

11.44)]. Those who reported to have migraines, dizziness,

and tinnitus had 3 times higher odds of reporting HAWTSF

compared to those who did not report these health

conditions. Participants that reported having chronic pain,

arthritis, or restless leg syndrome had at least one and a half

times the odds of reporting HAWTSF compared to those who

did not report suffering from these conditions (Table II).

Participants who self-identified as being highly sensitive to

noise had 3.49 times higher odds of being HAWTSF com-

pared to those who did not self-identify as being highly sen-

sitive to noise [95% CI: (2.14, 5.69)]. Those who reported

that WTs were audible had 10.68 times higher odds of

HAWTSF compared to those who could not hear WTs [95%

CI: (5.07, 22.51)]. This variable was further categorized into

the length of time that the participant heard the WT (do not

hear, <1 year, �1 year); it was found that both those who

heard WTs for less than 1 year and 1 year or greater had

higher odds of being HAWTSF compared to those who could

not hear the WTs. Furthermore, there was no statistical dif-

ference in the proportion HAWTSF among those who heard

the WTs for less than 1 year or greater than or equal to 1

year (p¼ 0.0924). People who did not have a WT on their

property had higher odds of reporting HAWTSF compared to

those who had at least one WT on their property [OR ¼
11.07, 95% CI: (1.49, 82.14)]. Annoyance variables were

significantly correlated (Table III) and participants who were

highly annoyed to any of the aspects of WT (noise, blinking

lights, visual, and vibrations) tended to be also HAWTSF.

The OR for these annoyances ranged from 13 to 34, with

annoyance to vibrations and blinking lights having the lowest

and highest OR, respectively. Concern for physical safety due

to the presence of WTs in the studied communities (i.e., con-
cern for physical safety variable) was also highly associated

with HAWTSF; participants who were highly concerned about

their physical safety had 14.15 times higher odds of HAWTSF

compared to those who were not highly concerned about their

physical safety [95% CI: (8.17, 24.53)]. Those who identified

that their quality of life was “Poor” or were “Dissatisfied”

with their health had 2 times higher odds of reporting

HAWTSF compared to their counterparts. Both the physical

health domain and the environmental domain from the abbre-

viated World Health Organization Quality of Life question-

naire were negatively associated with being HAWTSF (Feder

et al., 2015). That is to say that as the domain value increased

(indicating an improved domain value), the prevalence of

HAWTSF decreased. Additionally, as the PSS scores of partici-

pants increased, so did the prevalence of HAWTSF by 3%

[95% CI: (1.00, 1.07)] (Table II).

2. Multiple logistic regression analyses of variables
related to HAWTSF

Table IV presents the unrestricted multiple logistic

regression model for HAWTSF. The first variable to enter the

model was annoyance with WT blinking lights, which

increased the R2 from 11% at the base model level to 42%.

This was followed by annoyance to WTN when outdoors,

annoyance to the visual aspect of WTs, concern for physical

safety, audibility of WTs, and annoyance to vibrations

caused by WTs, which together increased the R2 of the final

model to 53%. Personal economic benefit associated with

WTs has been found to have a strong impact on reducing

FIG. 2. Illustrates the percentage of participants that reported to be either very

or extremely (i.e., highly) bothered, disturbed, or annoyed over the last year or

so while at home (either indoors or outdoors) by shadows or flickers of light

from WTs. Results are presented by province and as an overall average as a

function of modeled SF exposure time (SFm). Fitted data are plotted along

with their 95% CIs. The models fit the data well (H-L test p-value >0.9).

Bonferroni corrections were made to account for all pairwise comparisons.

[(a), (b), (c)] Significantly different from 0�SFm< 10 and 10�SFm< 20; re-

spective p-values for pairwise comparisons, p� 0.0138, p� 0.0012, and

p< 0.0006. (d) Significantly different compared to all other categories,

p� 0.0126; (e) Significantly different compared to 0�SFm< 10, p¼ 0.0162.

J. Acoust. Soc. Am. 139 (3), March 2016 Voicescu et al. 1485

 Redistribution subject to ASA license or copyright; see http://acousticalsociety.org/content/terms. Download to IP:  207.34.120.71 On: Mon, 04 Apr 2016 14:39:33

Exhibit_DK-2 
Page 307 of 626

■ Overall ■ ON □ PEI 

35 d 

30 

25 

J 20 

:c 15 
~ 

10 

5 

0 

0$Sfm<l0 l0$Sfm<20 20SSFm<30 SFm~30 

maximum minutes/day shadow flickers (SF ml 

 
005249

ADMINISTRATIVE RECORD - Scan 2 - Page 339 of 449

- Page 423 -



TABLE II. Univariate analysis of variables related to HAWTSF.

Variable Groups in variablea Nagelkerke pseudo R2

SFm
b Explanatory variable Provincec

H-L testeOR (CI)d p-value OR (CI)d p-value OR (CI)d p-value

Base modelf,b 0.11 2.02 (1.68, 2.43) <0.0001 2.16 (1.13, 4.12) 0.0193 0.7699

SFm �WTN levelg 0.15 —h —h 2.03 (1.04, 3.98) 0.0381 0.4851

Sex Male/Female 0.11 2.02 (1.68, 2.43) <0.0001 1.10 (0.72, 1.70) 0.6527 2.15 (1.13, 4.10) 0.0203 0.6015

Age group �24 0.12 2.03 (1.69, 2.45) <0.0001 0.55 (0.15, 1.98) 0.3611 2.23 (1.17, 4.27) 0.0153 0.5879

25–44 1.40 (0.74, 2.65) 0.3002

45–64 1.47 (0.83, 2.62) 0.1901

65þ reference

Education �High School 0.11 2.02 (1.68, 2.43) <0.0001 1.19 (0.48, 2.92) 0.7112 2.12 (1.11, 4.05) 0.0225 0.8936

Trade/Certificate/College 1.40 (0.56, 3.50) 0.4695

University reference

Income (�$1000) <60 0.12 1.99 (1.63, 2.44) <0.0001 0.71 (0.39, 1.29) 0.2617 1.68 (0.85, 3.33) 0.1390 0.1722

60–100 1.08 (0.59, 1.98) 0.8041

�100 reference

Marital Status Married/Common-law 0.12 2.02 (1.68, 2.43) <0.0001 1.76 (0.85, 3.65) 0.1274 2.20 (1.15, 4.21) 0.0169 0.5600

Widowed/Separated/Divorced 1.21 (0.50, 2.97) 0.6746

Single, never been married reference

Property ownership Own/rent 0.13 1.99 (1.65, 2.39) <0.0001 6.38 (1.54, 26.39) 0.0105 2.11 (1.10, 4.04) 0.0246 0.8715

Type of dwelling Single detached/Other 0.11 1.99 (1.65, 2.40) <0.0001 1.67 (0.51, 5.52) 0.3969 2.10 (1.10, 4.02) 0.0246 0.6535

Employment Employed/not employed 0.12 2.00 (1.67, 2.41) <0.0001 1.43 (0.91, 2.26) 0.1247 2.18 (1.14, 4.16) 0.0183 0.3034

Type of employment Agriculture/ Other 0.13 2.03 (1.61, 2.57) <0.0001 0.95 (0.43, 2.12) 0.9017 3.27 (1.34, 7.98) 0.0094 0.8071

Personal benefit No/Yes 0.13 2.09 (1.73, 2.52) <0.0001 4.03 (1.42, 11.44) 0.0088 2.16 (1.13, 4.13) 0.0205 0.7111

Migraines Yes/No 0.16 2.06 (1.70, 2.48) <0.0001 3.15 (2.02, 4.94) <0.0001 1.91 (1.00, 3.68) 0.0518 0.4864

Dizziness Yes/No 0.15 2.03 (1.69, 2.45) <0.0001 2.81 (1.79, 4.41) <0.0001 2.19 (1.14, 4.20) 0.0190 0.6998

Tinnitus Yes/No 0.15 2.09 (1.73, 2.52) <0.0001 2.91 (1.85, 4.58) <0.0001 2.21 (1.15, 4.25) 0.0170 0.6902

Chronic Pain Yes/No 0.13 2.06 (1.71, 2.48) <0.0001 2.16 (1.37, 3.42) 0.0010 2.01 (1.05, 3.84) 0.0355 0.5661

Asthma Yes/No 0.11 2.02 (1.68, 2.43) <0.0001 1.19 (0.55, 2.60) 0.6606 2.16 (1.13, 4.12) 0.0194 0.6215

Arthritis Yes/No 0.12 2.06 (1.71, 2.48) <0.0001 1.57 (1.01, 2.45) 0.0461 2.20 (1.15, 4.21) 0.0170 0.5660

High Blood Pressure Yes/No 0.11 2.02 (1.68, 2.43) <0.0001 0.90 (0.56, 1.45) 0.6710 2.17 (1.14, 4.14) 0.0186 0.3444

Medication for high blood pressure, past month Yes/No 0.12 2.02 (1.68, 2.43) <0.0001 0.74 (0.45, 1.21) 0.2251 2.20 (1.15, 4.19) 0.0171 0.3238

History of high blood pressure in family Yes/No 0.11 2.02 (1.67, 2.44) <0.0001 1.03 (0.67, 1.60) 0.8926 2.03 (1.06, 3.88) 0.0334 0.7739

Chronic bronchitis/ emphysema/ COPD Yes/No 0.11 2.01 (1.67, 2.42) <0.0001 0.55 (0.16, 1.82) 0.3240 2.18 (1.14, 4.16) 0.0178 0.8001

Diabetes Yes/No 0.12 2.02 (1.68, 2.44) <0.0001 0.61 (0.25, 1.45) 0.2587 2.12 (1.11, 4.05) 0.0227 0.6111

Heart disease Yes/No 0.11 2.02 (1.68, 2.43) <0.0001 1.22 (0.56, 2.68) 0.6137 2.15 (1.13, 4.10) 0.0198 0.7954

Diagnosed sleep disorder Yes/No 0.12 2.02 (1.68, 2.43) <0.0001 1.57 (0.82, 2.98) 0.1716 2.11 (1.11, 4.03) 0.0236 0.7696

Restless leg syndrome Yes/No 0.13 2.01 (1.67, 2.42) <0.0001 2.12 (1.26, 3.55) 0.0044 2.01 (1.05, 3.85) 0.0342 0.5256

Sensitivity to Noise High/Low 0.15 2.04 (1.69, 2.46) <0.0001 3.49 (2.14, 5.69) <0.0001 2.03 (1.06, 3.91) 0.0335 0.4659

See WT Yes/No 0.14 1.88 (1.56, 2.27) <0.0001 >999.999 (< 0.001,> 999.999) 0.9658 2.06 (1.08, 3.92) 0.0290 0.7480

Audible WT Yes/No 0.23 1.66 (1.37, 2.02) <0.0001 10.68 (5.07, 22.51) <0.0001 2.42 (1.26, 4.67) 0.0083 0.7198

Number of years turbines audible less than 1 year 0.23 1.66 (1.37, 2.02) <0.0001 5.04 (1.56, 16.25) 0.0068 2.51 (1.30, 4.85) 0.0063 0.8472

1 year or more 11.51 (5.45, 24.33) <0.0001

Do not hear WTs reference
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TABLE II. (Continued.)

Variable Groups in variablea Nagelkerke pseudo R2

SFm
b Explanatory variable Provincec

H-L testeOR (CI)d p-value OR (CI)d p-value OR (CI)d p-value

At least 1 WT on property No/Yes 0.14 2.14 (1.77, 2.58) <0.0001 11.07 (1.49, 82.14) 0.0187 2.07 (1.08, 3.95) 0.0279 0.4544

Visual annoyance to WTs High/Low 0.37 2.17 (1.75, 2.71) <0.0001 20.29 (12.24, 33.64) <0.0001 1.68 (0.79, 3.56) 0.1785 0.9285

Annoyance with blinking lights High/Low 0.42 2.22 (1.76, 2.80) <0.0001 34.27 (19.68, 59.67) <0.0001 1.23 (0.57, 2.66) 0.5984 0.7649

Annoyance to WTN High/Low 0.30 2.02 (1.65, 2.48) <0.0001 18.18 (10.58, 31.25) <0.0001 1.72 (0.85, 3.48) 0.1336 0.3863

Annoyance to WTN from indoors High/Low 0.23 2.05 (1.68, 2.50) <0.0001 19.58 (9.80, 39.11) <0.0001 1.65 (0.85, 3.21) 0.1388 0.4867

Annoyance to WTN from outdoors High/Low 0.32 2.04 (1.66, 2.52) <0.0001 19.49 (11.54, 32.93) <0.0001 2.02 (0.99, 4.12) 0.0545 0.4643

Annoyance to vibrations/rattles High/Low 0.16 2.01 (1.66, 2.43) <0.0001 13.07 (4.71, 36.30) <0.0001 2.07 (1.07, 4.01) 0.0309 0.9413

Concerned about physical safety High/Low 0.26 1.92 (1.57, 2.34) <0.0001 14.15 (8.17, 24.53) <0.0001 2.09 (1.04, 4.18) 0.0379 0.6700

Quality of Life Poor/Goodi 0.12 2.04 (1.69, 2.45) <0.0001 2.31 (1.14, 4.71) 0.0208 2.13 (1.12, 4.06) 0.0218 0.5909

Satisfaction with health Dissatisfied/Satisfiedj 0.12 2.04 (1.69, 2.45) <0.0001 1.84 (1.07, 3.18) 0.0280 2.12 (1.11, 4.04) 0.0227 0.5133

Medication for anxiety/depression No/Yes 0.11 2.02 (1.68, 2.43) <0.0001 1.28 (0.62, 2.65) 0.5128 2.19 (1.15, 4.18) 0.0177 0.2842

Continuous scale explanatory variables

Physical health domain (range 4–20) 0.13 2.06 (1.71, 2.48) <0.0001 0.90 (0.85, 0.96) 0.0012 2.04 (1.07, 3.90) 0.0313 0.7547

Psychological domain (range 4–20) 0.11 2.02 (1.68, 2.43) <0.0001 0.98 (0.90, 1.07) 0.6738 2.17 (1.14, 4.14) 0.0187 0.6490

Social relationships domain (range 4–20) 0.11 2.02 (1.68, 2.42) <0.0001 0.98 (0.91, 1.06) 0.5701 2.14 (1.13, 4.09) 0.0205 0.7782

Environment domain (range 4–20) 0.13 2.05 (1.70, 2.47) <0.0001 0.88 (0.80, 0.96) 0.0056 2.27 (1.19, 4.34) 0.0134 0.6815

Perceived stress scale (range 0–37) 0.12 2.01 (1.67, 2.42) <0.0001 1.03 (1.00, 1.07) 0.0386 2.07 (1.08, 3.96) 0.0276 0.6513

aWhere a reference group is not specified it is taken to be the last group.
bThe exposure variable, SFm, is treated as a continuous scale in the logistic regression model, giving an OR for each unit increase in shadow exposure.
cPEI is the reference group.
dOdds ratio (OR) and 95% CI based on logistic regression model, an OR > 1 indicates that annoyance levels were higher, relative to the reference group.
eH-L test, p> 0.05 indicates a good fit.
fThe base model includes the modeled shadow exposure (SFm) and province.
gWTN level is treated as a continuous scale in the logistic regression model, giving an OR for each unit increase in WTN level, where a unit reflects a 5 dB WTN category.
hThe interaction between WTN levels and modeled shadow exposure was significant (p¼ 0.0260). When fitting separate logistic regression models to each shadow exposure group, it was observed that there was a posi-

tive significant relationship between high annoyance to SF and WTN levels only among those in the lowest shadow exposure group [OR and 95% confidence interval: 2.62 (1.64, 4.20)]. The relationship in the other three

shadow exposure groups (10�SFm< 20, 20�SFm< 30, and SFm� 30) was not significant (p> 0.05, in all cases).
i“Poor” includes those that responded “poor” or “very poor.”
j“Dissatisfied” includes those that responded “dissatisfied” or “very dissatisfied.”
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reported annoyance to WTN (Pedersen et al., 2009). In the

current study, directly or indirectly receiving personal bene-

fit from having WTs in the area could include receiving pay-

ment, rent, or benefiting from community improvements

(n¼ 110). When this variable was forced into the final

model, it had no influence on the variables that entered the

model, nor did it have any impact on the final R2 (data not

shown). Similarly, removing these participants had no influ-

ence on the strength of the overall final model (i.e., R2

remained at 53%). The one change observed when partici-

pants receiving personal benefit were removed was that

annoyance to vibrations was discarded and restless leg syn-

drome entered the model at a p-value of 0.0540 (data not

shown). The statistically significant interaction between

WTN levels and SFm (see Sec. III B 1) was not found to be

related to HAWTSF after adjusting for the variables shown in

Table IV.

Table V presents the restricted multiple logistic regres-

sion model for HAWTSF. In this restricted model, the first

variable to enter the model was concern for physical safety,

increasing the R2 from 11% at the base model level to 26%.

The following variables then entered the model: audibility of

WTs, sensitivity to noise, having at least one WT on the

property, property ownership, and dizziness. The overall fit

of the final restricted model was 37%. The last three varia-

bles (having at least one WT on the property, property own-

ership, and dizziness) collectively contributed only an

additional 2% to the overall model and were all only signifi-

cant at the 10% level, and not at the 5% level. Receiving

personal benefits does not enter the final model, due to its re-

dundancy given the other variables that did enter the model.

However, when it is forced into the model it is significant at

p¼ 0.0343 level (data not shown). In this case, the variable

“is there at least one wind turbine on your property” is

dropped in place of “employment status,” which comes into

the model with a p-value of 0.0722 (data not shown). The

overall fit of the model improves slightly to 38% (data not

shown). Finally, when conditioning on only those who do

not receive benefits, the overall fit of the model drops

slightly to 36%, with neither of the “employment status” nor

the “is there at least one wind turbine on your property”
variables coming into the final model (data not shown).

IV. DISCUSSION

The accumulated research on the potential health effects

associated with SF from WTs has concluded that SF from

WTs is unlikely to present a risk to the occurrence of seiz-

ures, even among individuals that have photosensitive epi-

lepsy (Harding et al., 2008; Knopper et al., 2014; Smedley

et al., 2010). The knowledge gap that persists is the extent to

which WT SF causes annoyance. Also unknown is how this

annoyance may result from an interaction between SF and

WTN levels, given that SF and at least some level of WTN

emissions occur simultaneously. To date, there have been

very few assessments that have evaluated the effect of SF on

community response. A German field study performed by

Pohl et al. (1999) investigated methods for the evaluation of

SF exposure, which ultimately led to current SF exposure

TABLE III. Spearman correlation coefficient (p-value) between annoyance variables.

Type of annoyancea WTN inside WTN outside Visual Blinking lights SF Vibrations inside

WTN in or out 0.98 (p< 0.0001) 0.99 (p< 0.0001) 0.49 (p< 0.0001) 0.48 (p< 0.0001) 0.51 (p< 0.0001) 0.25 (p< 0.0001)

WTN inside 0.98 (p< 0.0001) 0.46 (p< 0.0001) 0.46 (p< 0.0001) 0.50 (p< 0.0001) 0.23 (p< 0.0001)

WTN outside 0.49 (p< 0.0001) 0.48 (p< 0.0001) 0.51 (p< 0.0001) 0.25 (p< 0.0001)

Visual 0.79 (p< 0.0001) 0.70 (p< 0.0001) 0.19 (p< 0.0001)

Blinking lights 0.75 (p< 0.0001) 0.17 (p< 0.0001)

SF 0.18 (p< 0.0001)

aParticipants were asked to indicate how bothered, disturbed, or annoyed they were over the last year or so while at home. Unless the participants’ location

was specified as indoors or outdoors, at home was defined as either indoors or outdoors. Vibrations were identified as being present during WT operations.

TABLE IV. Multiple logistic regression analysis (unrestricted) of variables related to HAWTSF.

Stepwise Model 1

Variable Groups in variablea OR (CI)b p-value Order of entry into model: R2 at each step

HAWTSF versus not HAWTSF (n¼ 1147, R2¼ 0.53, H-L p¼ 0.7536)

SFm
c 2.04 (1.56, 2.66) <0.0001 Base: 0.11

Province ON/PEI 1.20 (0.50, 2.89) 0.6811 Base: 0.11

Annoyance with blinking lights High/Low 7.67 (3.84, 15.34) <0.0001 Step 1: 0.42

Annoyance to WTN from outdoors High/Low 2.25 (1.09, 4.66) 0.0287 Step 2: 0.47

Visual annoyance to WT High/Low 4.09 (2.09, 7.99) <0.0001 Step 3: 0.50

Concerned about physical safety High/Low 2.89 (1.39, 6.01) 0.0045 Step 4: 0.51

Audible WT Yes/No 3.15 (1.35, 7.34) 0.0080 Step 5: 0.52

Annoyance to vibrations/rattles High/Low 3.49 (1.00, 12.23) 0.0503 Step 6: 0.53

aWhere a reference group is not specified it is taken to be the last group.
bOR and 95% CI based on logistic regression model, an OR > 1 indicates that annoyance levels were higher, relative to the reference group.
cThe exposure variable SFm is treated as a continuous scale in the logistic regression model, giving an OR for each unit increase in shadow exposure.
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limits in Germany, while a conference paper presented by

Pedersen and Persson Waye (2003) assessed annoyance with

SF as a function of modeled SF exposure. The conclusion

from this conference paper was that modeled WTN levels

were a better predictor of annoyance to SF from WTs than

modeled SF exposure. A similar conclusion was reached in

the current study wherein it was found that, regardless of how

SF exposure was modeled, the R2 for HAWTSF by modeled SF

was statistically weak and essentially the same as that found

using WTN levels (i.e., 10% and 9%, respectively). Some

improvement was found when the interaction between WTN

levels and SFm was considered, which increased the R2 to

15%. However, after adjusting for other factors that were stat-

istically related to HAWTSF, this interaction was no longer sig-

nificant in the final multiple regression models.

In spite of the obvious deficiencies in estimating

HAWTSF using either A-weighted WTN levels or SFm alone

(or together as an interaction term), a statistically significant

exposure-response relationship was found between HAWTSF

and SF modeled as SFm. The strength of the base model was

markedly improved from 11% to 53% when adjusting for

other factors. In this case, these other factors included those

which are subjective and/or could be viewed as reactions to

operational WTs (e.g., other annoyances). When the final

model was restricted to variables conceptually viewed as

objective and/or not contingent upon WT operations, the

strength of the final model improved from 11% for the base

model to 37%. Both of these models have merit, but as dis-

cussed below, the restricted model may be more valuable in

situations where a wind farm is not yet operational.

It is not surprising that in the unrestricted model, the vari-

ables related to the visual perception of WTs were among

those which had the strongest statistical association with

HAWTSF, as these were found to be more highly correlated

with each other than annoyance reactions mediated through

tactile and/or auditory senses (see Table III). Their presence

in the final model indicates that there were no issues related

to multicollinearity. This should be interpreted to mean that

each of these annoyance variables is a significant predictor of

HAWTSF. In this regard, most of the increase in the predictive

strength of the model for HAWTSF was observed once annoy-

ance to blinking lights on WTs entered the model. This step

increased the R2 from 11% at the base level to 42%.

Participants that reported being highly annoyed by blinking

lights on WTs had almost 8 times higher odds of being

HAWTSF. In a study performed by Pohl et al. (2012), it was

found that respondents were comparably as strongly annoyed

by WT blinking lights as they were by SF, a finding which

may also be reflected in this study. It is also worth mentioning

that in the CNHS, annoyance to blinking lights on WTs was

found to be related to actigraphy-measured sleep disturbance

(Michaud et al., 2016c). It is therefore possible that poorer

sleep quality at night among these participants is associated

with a heightened response to SF during the day.

In the current study, participants reported how annoyed

they were by WTN while they were at home (either indoors

or outdoors), indoors only, and outdoors only. Annoyance to

WTN when inside does not make it into the final models;

however, the finding that annoyance to WTN when outside

had the stronger association with HAWTSF seems to suggest

that SF annoyance is more likely an outdoor phenomena. The

results of the unrestricted multiple logistic regression model

show that estimating HAWTSF using SFm can be significantly

improved when considering these other annoyances.

Further improvements can be expected when concern for

physical safety associated with having WTs in the area and

the audibility of WTs are also accounted for. Although con-
cern for physical safety may in some cases reflect a response

to operational WTs, it could just as readily be treated as an

attitudinal response triggered by the anticipated physical pres-

ence of industrial WTs. Although extremely rare, there have

been reports of catastrophic failure that could exacerbate the

level of concern for one’s physical safety in the same way

rare aircraft accidents are known to increase the fear of air-

craft (Fields, 1993; Moran et al., 1981; Reijneveld, 1994). As

discussed below, concern for physical safety also appears in

the restricted multiple regression model.

In the restricted model (see Table V), which only

included variables that were not direct responses to WT

operations, it was found that concern for physical safety was

TABLE V. Multiple logistic regression analysis (restricted) of variables related to HAWTSF.

Stepwise Model 1

Variable Groups in variablea OR (CI)b p-value Order of entry into model: R2 at each step

HAWTSF versus not HAWTSF (n¼ 1159, R2¼ 0.37, H-L p¼ 0.7294)

SFm
c 1.70 (1.37, 2.11) <0.0001 Base: 0.11

Province ON/PEI 2.07 (1.00, 4.27) 0.0494 Base: 0.11

Concerned about physical safety High/Low 7.01 (3.90, 12.60) <0.0001 Step 1: 0.26

Audible WT Yes/No 6.33 (2.90, 13.81) <0.0001 Step 2: 0.32

Sensitivity to noise High/Low 2.81 (1.57, 5.05) 0.0005 Step 3: 0.35

At least 1 WT on property No/Yes 6.87 (0.88, 53.73) 0.0663 Step 4: 0.36

Property ownership Own/rent 4.78 (0.95, 24.01) 0.0574 Step 5: 0.37

Dizziness Yes/No 1.68 (0.98, 2.86) 0.0581 Step 6: 0.37

aWhere a reference group is not specified it is taken to be the last group.
bOR and 95% CI based on logistic regression model, an OR > 1 indicates that annoyance levels were higher, relative to the reference group.
cThe exposure variable SFm is treated as a continuous scale in the logistic regression model, giving an OR for each unit increase in shadow exposure. Model is

restricted insofar as variables that are reactions to WT operations are not considered.
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the variable that contributed the most to R2, as it increased

the base model R2 from 11% to 26%. In this case, respond-

ents that declared being highly concerned for their physical

safety had, on average, 7 times higher odds of reporting

HAWTSF. The observation that this variable was present in

both models suggests that actions taken to identify and

reduce this concern at the planning stages of a WT facility

may reduce HAWTSF.

As already mentioned, exposure to SF from WTs will

always occur with at least some level of WTN exposure. It is

therefore not surprising that the audibility of WTs and noise

sensitivity were also found to be statistically related to

HAWTSF. Noise sensitivity has long been known to have an

influence on community noise annoyance. At equivalent

noise levels, annoyance reactions are higher among people

who report to be noise sensitive (Job, 1988).

Although property ownership, having a WT on one’s

property, and experiencing dizziness appear in the final

model, together they only contribute an additional 2% to the

overall strength of the model and all three variables are sig-

nificant only at the 10% level. Therefore, only a very cau-

tious interpretation of their influence on HAWTSF can be

made. Property ownership could reflect a greater attachment

to one’s property and heightened response to any exposure

that is perceived to have negative impacts on one’s property.

The negative association between having a WT on one’s

property and HAWTSF may be an indication that these partic-

ipants are more likely to directly or indirectly benefit from

having WTs in the area. While personal benefit does not

enter any of the final multiple regression models, this is

because only 110 participants received personal benefits.

When considered alone, personal benefit had an influence on

HAWTSF. The presence of dizziness in the final model might

be explained by the notion that dizziness can be a sensory-

related variable and as such may have an influence on a

visually-related parameter, such as HAWTSF. Although both

the unrestricted and restricted multiple regression models

improved the strength of their corresponding base models

substantially, their predictive strength for HAWTSF was still

rather limited.

Possible explanations for this limited predictive strength

could stem from the uncertainties in the model used to quan-

tify SFm, as discussed in Sec. II D, or from additional limita-

tions. First and foremost, it should be emphasised that the SF

model employed for this study was developed to quantify SF

exposure for a specific period of time. Therefore, there may

have been a mismatch between the parameter used to quan-

tify SF exposure (i.e., maximum minutes per day at the

dwelling window) and the subjective perception of SF from

WTs assessed in the current study. Annoyance to SF expo-

sure is not limited to dwelling window façades. It is much

more likely to reflect an integrated response to shadow over

one’s entire property, or to any location where SF is per-

ceived. Additionally, the current SF model presents worst-

case SF exposure. A more refined assessment that included

precise meteorological conditions, such as cloud coverage as

well as wind speed and wind direction, could provide a more

accurate evaluation of WT SF exposure. This may in turn

provide a stronger association with community response to

this variable. Finally, it is important to mention that the SF

model only accounts for SF duration, and not shadow inten-

sity. An assessment of SF intensity could potentially

strengthen the association between SF exposure and commu-

nity annoyance.

A careful examination of the SF annoyance question in

the CNHS questionnaire itself is also warranted. There was

ambiguity in the question used to assess HAWTSF that may

have contributed to the weak association observed between

SFm and HAWTSF. The question probed one’s annoyance

towards shadows or flickers of light from WTs while they

are at home, where “at home” means either indoors or out-

doors. This wording could have led the respondent to assess

their annoyance from shadows caused by WTs with either

stationary or rotating blades. By contrast, the wording of the

question could also have led the respondent to assess their

annoyance from flickers of light generated by rotating WT

blades. However, the model used to quantify SF exposure

only considers moving shadows and as such, there may have

been a discrepancy between the modeled exposure, and the

participants’ response. Although improvements will only

come as this research area matures, as a starting point the

authors recommend that future research in this area refine

the SF annoyance question to the following: Thinking about
the last year or so, while you are at home, how much do
shadows created by rotating wind turbine blades bother, dis-
turb or annoy you?

V. CONCLUDING REMARKS

For reasons mentioned above, when used alone, mod-

eled SFm results represent an inadequate model for estimat-

ing the prevalence of HAWTSF as its predictive strength is

only about 10%. This research domain is still in its infancy

and there are enough sources of uncertainty in the model and

the current annoyance question to expect that refinements in

future research would yield improved estimates of SF annoy-

ance. In addition to addressing some of the aforementioned

shortcomings, future research may also benefit by consider-

ing variables that were not addressed in the current study.

These may include, but not be limited to, personality types,

attitudes toward WTs, and the level of community engage-

ment between WT developers and the community. In the in-

terim, this study identifies the variables, that when

considered together with modeled SF exposure, improve the

overall estimate of HAWTSF. The applicability of these varia-

bles to areas beyond the current study sample will only

become known as this research area matures.
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2-1) Provide an update on all county permits for the project, specifically but not limited to 

conditional use permits that may have expired or been deemed to have expired since the 
filing of the Application.  

a.)For any permit that has expired, been deemed to have expired, or has not been obtained, 
provide an estimated timeline for obtaining such permit. 

 

Response:  The Conditional Use Permit has been issued by Codington County, but was 
appealed.  The decision by Circuit Court has not been received yet on the appeal and the 
permit remains in effect pending the decision.  The Conditional Use Permit has been issued 
by Grant County for the portion of the project outside the footprint of the former Cattle 
Ridge project, and that permit has been appealed and a hearing has not yet been held or 
scheduled. The Grant County Conditional Use Permit remains in effect pending outcome of 
the appeal.   The Conditional Use Permit for the portion of the project in Grant County, 
formerly part of the Cattle Ridge project, was granted over two years ago and has expired.  
An application has been filed for a new Conditional Use Permit for this portion of the 
project, and a hearing is scheduled on that application for April 8, 2019.  Building permits in 
each county will be applied for as required by the applicable ordinances prior to 
commencing construction. 

 

Respondent:  Miles Schumacher, Attorney 
 
2-2) Provide copies of all data requests submitted by any intervenor to you in this proceeding 

and copies of all responses to those data requests. Provide this information to date and on 
an ongoing basis. 
 

Response:   The response to the first set of data requests submitted by the intervenors will 
be submitted on March 22, 2019, and Crowned Ridge Wind will provide Staff with a copy at 
that time.   We will also provide Staff with copies of any new responses on an ongoing basis.  

 

Respondent:  Miles Schumacher, Attorney 

 

 

 
2-3) Please provide GIS shapefiles for project facilities, project boundaries, project constraints, 

and participating and non-participating residences. 
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Response: 
 
See Confidential Attachments.  

Respondent: Kim Wells, Environmental Services Manager 
 
 

2-4) Referring to Section 6.3 of the Application, would Crowned Ridge be willing to agree to the 
following condition:  Applicant shall bury the underground collector system at a minimum 
depth of four feet, or deeper if necessary, in order to ensure the current land use is not 
impacted.  If not, please explain why. 

 

Response: Applicant agrees to bury the underground collector system at a depth of 48”. 

Respondent:  Mark Thompson, Manager Wind Engineering   
 

 

2-5) Referring to sections 6.5 and 6.7 of the Application, please explain why the Application 
provides information for a 34-mile transmission line since a permit for such a line is not 
being requested in this Application. 

Response:  Information for a 34-mile transmission line was provided for informational 
purposes only, so the reader of the Application would understand how the Crowned Ridge 
Wind project connects to the transmission grid.  

 Respondent:  Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
2-6) Referring to section 9.2.4 of the Application, please explain what the minor impact is that 

turbine foundations will have on the underlying geologic conditions.  

 

Response: The minor impact is in reference to the slight gradient that will be visible at the 
turbine foundation location. This is a design characteristic to prevent water settling around 
the pedestal of the foundation. 

 

Respondent:  Mark Thompson, Manager Wind Engineering  

 
2-7) Referring to section 9.2.4 Mitigation on page 38 of the Application, has the additional 

geotechnical testing been completed? If so, provide the results of all additional testing. 
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Response: Yes.  No results are available at this time.  

Respondent:  Mark Thompson, Manager Wind Engineering  

 
 
2-8) Refer to ARSD 20:10:22:15 parts (1), (2), and (3). Provide maps and plans addressing these 

sections of the rules. Specifically: 
a) provide a map “showing surface water drainage patterns before and anticipated patterns 

after construction of the facility” 
b) provide “… a map drawn to scale of the current planned water uses by communities, 

agriculture, recreation, fish, and wildlife which may be affected by the location of the 
proposed facility” 

c) confirm that no offsite pipeline or channels are required for water transmission by the 
facility    

 

Response: 

a) See Attachment 1 which depicts current flowlines and direction. No changes to these 
flow patterns are anticipated as a result of construction of the Project. 

b) There are no current planned water uses by communities, agriculture, recreation, fish, 
and wildlife which may be affected by the location of the proposed facility, so a map is 
not provided. The Application, Section 10.3.1.2, provides that “The Applicant expects to 
re-use treated water from waste water treatment plants for dust control during 
construction…If water re-use is not available, the Applicant will pursue locally available 
sources of pond water with participating landowners and will pursue any permits 
necessary to do so. Water use during operations is expected to come from existing rural 
water supplies for the O&M building. In the event rural water supplies are not available, 
the Applicant will install a groundwater well. Impacts to current or planned water uses 
are expected to be minimal given the avoidance and minimization measures”. All water 
resources, including any that potentially could be utilized for the Project (although none 
currently have been identified) are shown in the Application, Figure 12. 

c) Confirmed.  No offsite pipeline or channels are required for water transmission by the 
Project. 

 

Respondent: Kim Wells, Environmental Services Manager 

 
 
2-9) Pursuant to ARSD 20:10:22:24, provide: 

a) Estimated annual employment expenditures of the applicants, the contractors and the 
subcontractors during the construction phase of the proposed facility; 

b) In a separate tabulation, the application shall contain the same data with respect to the 
operating life of the proposed facility, to be made for the first ten years of commercial 
operation in one-year intervals; 
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Response:  Please refer to the response to 2-28.  

Respondent:  Mark Thompson, Manager of Wind Engineering 

 
2-10) Refer to page 20 of the Application, has the company submitted its application for ADLS to 

the FAA? If not, when will that application be submitted? 

Response: 

Crowned Ridge Wind will file for the use of an Aircraft Detection Lighting System (ADLS) 
after receipt of Determinations of No Hazard (DNH) from the Federal Aviation 
Administration (FAA) for the Project’s proposed turbine locations. Assuming the FAA 
concludes that airspace impacts do not result in a substantial adverse effect, Crowned Ridge 
Wind would anticipate receiving the DNHs in July 2019. Crowned Ridge Wind anticipates 
filing the application with the FAA for the use of an ADLS in August 2019. 

  

Respondent:  Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
2-11) When will Crowned Ridge know if rural water or a groundwater well be used to supply 

potable water to the O&M facility?  If an aquifer is to be used as a source of potable water 
supply, then please provide the required information pursuant to ARSD 20:10:22:15(4). 

 

Response:  Rural water, rather than an acquirer, will be used to supply potable water to the 
O&M facility. 

Respondent:  Mark Thompson, Manager of Wind Engineering  

 
2-12) Refer to page 23, section 6.9, of the Application, have the source water permits been 

obtained by the company for the source water? If not, when will the applications for source 
water permits be submitted to the necessary offices? 

 

Response:  Currently the project has options to use rural water and city water, and no water 
permits are therefore required.  If an another source water is still required, the applications 
for those permits would be submitted approximately 30 days prior to construction.  

Respondent:  Mark Thompson, Manager of Wind Engineering  

 
2-13) Referring to page 44, section 10.2.1.4, of the Application, in this section the company says 

“one water body within the Project Construction easement contains 100-year-floodplains 
(shown as FEMA Flood Zone A on Figure 12).” Figure 12 shows many Flood Zone A 
(yellow) water bodies in the project area. Which water body in Figure 12 is the one water 
body mentioned in section 10.2.1.4? 
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Response: 
Inadvertently, the Application, Section 10.2.1.4 confused the terms “Project Area” and 
“Project Construction Easement,” and then summarized the intersection of floodplains with 
these areas. Section 10.2.1.4 is hereby clarified and corrected to read as follows: 

Electronic FEMA floodplain data is available for Codington County and Grant County. 
Review of these data indicates that multiple waterbodies within the Project Area contain 
100-year-floodplains (shown as FEMA Flood Zone A on Figure 12). To the extent 
practicable, Project construction activities have been planned to avoid mapped streams or 
floodplains; however, the Project Construction Easement crosses eight unnamed tributaries 
with FEMA Zone A designations. Seven of these crossings are for collector lines and crane 
paths, and one is for an access road. If design changes require placement of structures within 
the 100-year floodplain of any waterbody within the Project Construction Easement, the 
Applicant will obtain a floodplain development permit from the appropriate regulatory 
agency, as required by Section 3.11.04 of the Codington County Zoning Ordinance and 
Section 1106 of the Grant County Compiled Zoning Ordinance.  

Additionally, Table 10.2.1.1 is corrected as follows: 

Table 10.2.1.1 USGS-Named Streams/Rivers and Floodplains within the Project 
Construction Easement 

Surface Water Name 
Number of 
Crossings 

Floodplain Present at 
River Crossing1 

North Fork Yellow Bank River 1 No 
Mud Creek 4 Yes 
Total 5 - 

  1
Includes review of available digital floodplain data for Codington County and Grant 

County.  
   Sources: National Hydrography Data (NHD) (USGS 2014a) and Federal Emergency 
Management Agency (FEMA) data (FEMA 2016). 

 

The Applicant will avoid and minimize impacts to floodplains. For example, where collector 
lines must be sited in a floodplain, they will be bored to avoid impacts. If a structure must be 
placed in a floodplain, which is not anticipated at this time, the Applicant will obtain a 
floodplain permit as necessary and as described above. 

Attachment  1 indicates those floodplains intersected by the Project Construction Easement. 

Respondent: Kim Wells, Environmental Services Manager  

 
2-14) Refer to page 51 of the Application, explain the following: 

a) How will the company mitigate seeds being transferred on construction equipment? 
b) Where are the limited areas where clearing of trees be done? 
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Response: 

 
a) Per the Application, Section 11.1.2, page 51, “Other indirect impacts could include the 

spread of noxious weed species resulting from construction equipment introducing seeds 
into new areas, or erosion or sedimentation due to ground-clearing in construction areas.” 
These temporary impacts will be mitigated “through the use of BMPs as described in the 
Project SWPPP” (Section 11.1.2, page 51). Such BMPs include revegetation practices and 
installation of erosion control devices. The Applicant will use native vegetation (weed-free) 
seed mixes to revegetate disturbed areas to pre-construction conditions where necessary and 
feasible and pending landowner preferences” (Section 11.1.2, page 51). 

 
b) The Project will not involve any major tree-clearing. Where feasible, access roads have been 

sited to avoid crossing tree rows. The collector substation also was sited to avoid impacts to 
tree rows. Some limited, minor clearing of brush or trees may be required during 
construction. The precise locations of these areas is not yet known. In those discrete and 
limited areas where minor tree-clearing will occur, the Applicant will first conduct nest 
clearance surveys and will implement seasonal clearing restrictions as described in Section 
11.3.2.5. Any clearing in forested wetlands would be done using manual methods and 
adhering to the requirements in Nationwide Permit (NWP) 12 from the USACE. For forested 
wetlands, activities that involve only the cutting or removing of vegetation above the ground 
(e.g. mowing, rotary cutting, and chain-sawing) where the activity neither substantially 
disturbs the root system, nor involves mechanized pushing, dragging, or other similar 
activities that redeposit excavated soil material will be used. For clearing in other types of 
wetlands, only manual methods allowed under the USACE requirements for NWP 12 
standards would be used including making sure any crossings would not exceed 500-feet in 
length and utilities would not run parallel to a stream bed, and all permanent impacts would 
be less than 0.10 acres. The same treatment methods as noted above would be used within 
and adjacent to USFWS protected basins based on our discussions with the USFWS to avoid 
impacts to USFWS protected basins that are not under the jurisdiction of the USACE.    

Respondent:  Mark Thompson, Manager of Wind Engineering  
 
 
2-15) Refer to page 52 of the Application, provide the Project Aquatic Resources Summary Report 

or provide an update on its progress. 
 

Response: 

The Aquatic Resources Summary Report (Report) has been completed since submittal of 
the Application, and is provided as Attachment 1 to this Response. The Report describes 
aquatic resources survey efforts to date. As stated in the Application, Section 10.2.2 (page 
45), "Wetland delineation surveys are ongoing, and results of these surveys will be utilized 
to refine and select precise locations of Project facilities." The Applicant has completed 
aquatic resources surveys on approximately 7,590 acres (89% of the area requiring survey). 
Approximately 967 acres (11%) will be surveyed in 2019, and surveys will begin as soon as 
weather conditions allow. The Applicant estimates that surveys will begin in early April 
2019 and will be complete by early to mid-May 2019. The Report subsequently will be 
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amended following completion of surveys to incorporate all survey results. 

 

Respondent: Kim Wells, Environmental Services Manager 

 
 
2-16) Referring to section 11.2.2 of the Application, please explain why some permanent impacts 

to wetland areas may remain beyond the Project’s operational lifetime. 
 

Response: 

As described in the Application, Section 11.2.2, "Through avoidance measures, the 
Applicant has limited impacts to wetlands and waterbodies to minimal areas associated 
with access roads. Impacts to wetlands and waterbodies that may result because of access 
road construction are minor and will be authorized under USACE Nationwide Permit 
(NWP) 12 for utility lines and associated facilities in waters of the U.S." It is anticipated 
that some access roads will remain in place after the Project’s operational lifetime, where 
preferred by landowners. Therefore, limited authorized, permanent impacts to wetland areas 
may remain beyond the Project’s operational lifetime. 

 

Respondent: Kim Wells, Environmental Services Manager 

 
 
2-17) Referring to section 11.3.1.2.2 of the Application, please clarify the following statement: 

“The Project Area is within the WNS Zone, therefore incidental take that results from 
operation of utility -scale wind-energy turbines currently is not prohibited.”  If the project 
area is in the WNS Zone, what incidental take is prohibited as identified in the same section 
of the Application? 

Response:  This language was intended to provide the reader information and context 
regarding the status of the northern long-eared bat (Myotis septentrionalis) and the 
associated final 4(d) rule of the U.S. Fish and Wildlife Service.  Link to issuance of final 
4(d) rule: 

https://www.fws.gov/midwest/endangered/mammals/nleb/pdf/FRnlebFinal4dRule14Jan201
6.pdf): 

Incidental take as a result of operating wind energy facilities is not prohibited under the 4(d) 
rule. The following are pertinent excerpts from the issuance of the final rule: 
 

Our primary reason for not establishing regulatory criteria for wind energy 
facilities is that the best available information does not indicate significant 
impacts to northern long-eared bats from such operations. We conclude 
that there may be adverse effects posed by wind-energy development to 
individual northern long-eared bats; however, there is no evidence 
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suggesting that effects from wind-energy development has led to 
significant declines in this species, nor is there evidence that regulating the 
incidental take that is occurring would meaningfully change the 
conservation or recovery potential of the species in the face of WNS. 
Furthermore, with the adoption by wind-energy facilities of the new 
voluntary standards, risk to all bats, including the northern long-eared bat, 
should be further reduced. (page 1906) 
 
 
For the northern long-eared bat, we do not anticipate that the fatalities that 
will be caused by wind energy would meaningfully change the species’ 
status in the foreseeable future. (page 1906) 
 
 
…we have not prohibited incidental take attributable to wind energy in 
this final rule. (page 1917) 

In addition, as stated in Section 11.3.1.2.2 (page 56), incidental take that results from tree-
clearing activities within 0.25 mile of a known northern long-eared bat hibernacula or 
within 150 feet of a known maternity roost tree between June 1 and July 31 is prohibited. 
However, the Project involves limited tree-clearing, and the results of a bat habitat 
assessment (Section 11.3.1.4.3.1, page 64), bat acoustic survey (Section 1 1.3.1.4.3.2, page 
65), and coordination with the U.S. Fish and Wildlife Service (Section 11.3.1.2.2, page 57) 
indicate a low likelihood for northern long-eared bats to occur in the Project Area. As such, 
no impacts to the species, including incidental take, are likely to occur from the Project 
(Section 11.3.1.2.2, pages 56-57 and Section 11.3.2.1, page 67). 

Respondent: Kim Wells, Environmental Services Manager 
 

 
2-18) Referring to sections 11.3.2.3 and 11.3.2.4, will the Applicant be willing to conduct 2-years 

of post-construction mortality monitoring?  If not, please explain why. 
 

Response:  The Applicant plans to conduct one year of systematic post-construction 
mortality monitoring to confirm low-risk expectations and to confirm operational trends are 
consistent with those observed for other projects in the region. The primary objective for 
post-construction monitoring should be defined with a clear purpose which is to estimate 
the mortality rate during the operation of the Project. If the monitoring confirms the Project 
is low risk and in line with expectations, only one year of monitoring will be conducted. If 
results indicate mortality exceeds that predicted based on ranges detected at similar projects 
and similar habitat types in the region, a second year of post-construction monitoring may 
be implemented. 

 

Respondent: Kim Wells, Environmental Services Manager 
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2-19) Refer to page 69 of the Application, this page identifies the flight period for Dakota Skippers 
and Poweshiek Skipperlings as approximately June 15 – July 15. Other pages prior say the 
flight period is June 15 – July 20. Confirm which is the correct flight period. 

 

Response:  The adult flight period for Dakota skippers and Poweshiek skipperlings is 
approximately three weeks between mid-June to mid-July. The start and end dates of the 
flight period vary annually and generally are between June 22 and July 15 in South Dakota. 

 Regarding Section 11.3.2.1 (page 67) of the Application, the following language is correct: 
"The species, where present, are vulnerable to impacts within larval habitat year-round and 
adult habitat during the flight season (approximately June 15 - July 20, weather dependent). 
Where suitable habitat cannot be avoided, the Applicant will avoid construction activities in 
those specific locations during the adult flight period (approximately June 15 to July 20, 
weather dependent) to avoid direct mortality of breeding adults." 

Regarding Section 11.3.2.5 (page 69) of the Application, the text should read: "Minimize 
impacts to Dakota skippers and Poweshiek skipperlings by avoiding construction in suitable 
habitat during the adult flight period (approximately June 15-July 20, weather dependent) to 
avoid direct mortality of breeding adults." 

 

Respondent: Kim Wells, Environmental Services Manager  

 
 
2-20) Please provide the expected mortality rate of birds and bats for the project using post-

construction mortality studies completed at other existing wind farms located in a similar 
environment. 

 

Response: 

The Applicant currently is completing a Wildlife Conservation Strategy (WCS) for the 
Project. The WCS will address birds and bats. The Applicant will submit the WCS to the 
South Dakota Public Utilities Commission prior to the start of Project construction, and will 
implement the WCS during construction and operation of the Project. The WCS will include 
a Wildlife Response and Reporting System (WRRS) Manual as described in the Application, 
Section 11.3.2.5 (page 69). 

 

Respondent: Kim Wells, Environmental Services Manager  

 
 
2-21) Please identify and estimate all indirect impacts (e.g. displacement) the wind turbines may 

have on birds, including waterfowl, prairie grouse, and grassland specialists.  
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Response:  The Application sets forth the indirect impacts that have potential to occur as a 
result of the Project. Section 11.1.2, page 51, states “indirect impacts could include the 
spread of noxious weed species resulting from construction equipment introducing seeds 
into new areas, or erosion or sedimentation due to ground-clearing in construction areas.” 
Section 11.3.2.3, page 68, states “Impacts to avian species can be direct (e.g., turbine strike 
mortality) or indirect (e.g., loss [or] degradation of habitat).” Section 11.3.2.4 indicates that 
“Impacts to bat can be direct (e.g., turbine strike mortality) or indirect (e.g., loss [of] 
degradation of habitat).” The Applicant currently is preparing a Wildlife Conservation 
Strategy (WCS) that will discuss indirect effects in detail. The WCS will be filed with the 
Commission prior to start of construction of the Project and will be implemented during 
Project construction and operation. Below is a summary of indirect effects. 

 
Disturbance/Displacement 
In addition to mortality associated with wind farms, concerns have been raised that some 
bird species may avoid areas near turbines after the wind farm is in operation (Drewitt and 
Langston 2006). For example, at the Buffalo Ridge wind energy facility in Minnesota, 
densities of male songbirds were significantly lower in Conservation Reserve Program 
(CRP) grasslands containing turbines than in CRP grasslands without turbines though the 
causal mechanism was not studied (Leddy et al. 1999). Reduced abundance of grassland 
songbirds was found within 50 m of turbine pads for a wind farm in Washington and 
Oregon, and the investigators attributed displacement to the direct loss of habitat or reduced 
habitat quality and not to the presence of turbines (Erickson et al. 2004). Research at three 
sites in North and South Dakota (Shaffer and Buhl 2016) suggests that certain grassland 
songbird species (seven of nine studied; one species was unaffected; one species was 
attracted) may avoid turbines by as much as 300 m. Displacement and attraction were 
observed to continue through the five-year study period. None of these studies have 
addressed whether these avoidance effects are temporary (i.e., the birds may habituate to the 
presence of turbines over time) or permanent. Pearce-Higgins et al. (2012) found little 
evidence for a post-construction decline for ten species of birds at wind projects in upland 
habitats in the United Kingdom. 
 
Project construction activities and the presence of turbines and other Project features may 
disturb or displace birds, particularly species of habitat fragmentation concern. Some species 
detected during avian use surveys may breed in the Project Area, suggesting at least some 
potential for impact to breeding birds. However, the impacts to birds from disturbance or 
displacement from the Project are likely to be low based on relatively low bird use in the 
Project area. The heavy agricultural use within the Project Area suggests that the additional 
disturbance and habitat loss caused by construction and operation of the Project will not 
cause birds to avoid the Project Area, nor should it alter the current use of habitat by bird 
species within the Project Area. The risk of disturbance/displacement will be further reduced 
through avoidance and minimization measures undertaken by the Applicant during the 
design, construction, and operational phases of the Project. 
 
Sharp-tailed grouse and greater prairie-chicken could be affected by Project development if 
Project infrastructure disturbs or displaces grouse from leks or areas of preferred habitat 
(grasslands). Current research suggests that certain grouse species may avoid anthropogenic 
structures (Hagen et al. 2011) but the effect of tall structures on birds is still not well 
understood (Walters et al. 2014). Males may tolerate various types of disturbance more than 
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females (Connelly et al. 1998). The Project Area, however, is largely used for agricultural 
purposes and already is disturbed or fragmented in areas surrounding leks, and any impacts 
to native grassland habitat will be restored with native vegetation (weed-free) seed mixes. 
The risk of disturbance/displacement further will be reduced through avoidance and 
minimization measures undertaken during the design, construction, and operational phases 
of the Project. 
 
Habitat Loss and Fragmentation 
Birds, including grassland specialists and prairie grouse species, may be indirectly affected 
by habitat loss and fragmentation due to Project development. Habitat fragmentation can 
exacerbate the consequences of habitat loss for birds by decreasing patch area and increasing 
edge habitat. Habitat fragmentation can reduce bird productivity through increased nest 
predation and parasitism and reduced pairing success of males (Robinson et al. 1995). 
However, the increase in the amount of habitat loss and fragmentation as a result of Project 
construction will be minimized by the use of existing roads to the extent possible and lands 
already altered by agriculture, as well as restoring any native prairie impacts with native 
vegetation (weed-free) seed mixes.  
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Respondent: Kim Wells, Environmental Services Manager  

 

 
2-22) Please provide a copy of all lek surveys completed for the project. 

Response: 

A standalone report is not available. The Application, Section 11.3.1.3.3 describes that 
several leks were observed during spring 2007-2008 avian surveys within a nearby study 
area, and that four leks were recorded during spring 2016 lek surveys in an earlier iteration 
of the Project Area. The South Dakota Game Fish and Parks also provided lek location data 
in response to Applicant data requests. Known lek locations were documented spatially in 
the Applicant’s Project planning databases to ensure consideration during Project siting. 
Occurrence of leks also will be discussed in detail in the Project Wildlife Conservation 
Strategy (WCS). The Applicant will submit the WCS to the South Dakota Public Utilities 
Commission prior to the start of Project construction, and will implement the WCS during 
construction and operation of the Project. 

 

Respondent: Kim Wells, Environmental Services Manager 

 
2-23) Please provide a copy of the Bird and Bat Conservation Strategy.  If a plan is not yet 

completed, does the Applicant agree to meet the condition below if the permit is granted? If 
not, please explain why. 

 
Applicant shall file a Bird and Bat Conservation Strategy (BBCS) prior to beginning 
construction of the Project. The BBCS shall be implemented during construction and 
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operation of the Project. 
 

 

Response:  The Applicant is currently completing a Wildlife Conservation Strategy (WCS) 
for the Project. The WCS will address birds and bats. The Applicant will submit the WCS to 
the South Dakota Public Utilities Commission prior to the start of Project construction, and 
will implement the WCS during construction and operation of the Project. The WCS will 
include a Wildlife Response and Reporting System (WRRS) Manual as described in the 
Application, Section 11.3.2.5 (page 69). 

 

Respondent: Kim Wells, Environmental Services Manager  

 
 
2-24) Refer to page 72, section 12.2, of the Application, which water bodies in the construction 

area are anticipated to be directional bored beneath? 

 

 

Response: 

 As stated in the Application, Section 10.2.2 (page 45), "Wetland delineation surveys are 
ongoing, and results of these surveys will be utilized to refine and select precise locations of 
Project facilities." The same is true of cultural resources investigations. The Applicant has 
completed aquatic resources surveys on approximately 7,590 acres (89% of the area 
requiring survey) and cultural surveys on approximately 8,430 acres (87% of the area 
requiring survey). The Applicant estimates that remaining surveys will begin in March or 
April 2019 and will be complete in late spring 2019. 

  

 While placement of turbines and some other project facilities is considered relatively final, 
other project feature locations may be refined slightly pending ongoing survey efforts and 
any discoveries made during construction of unexpected circumstances. As such, the final 
location of certain Project facilities, such as collection lines, is still being finalized, the 
location of waterbodies that will be bored is not yet known. As stated in the Application, 
Section 10.2.2 (page 44), "collector lines will be sited to avoid intersecting wetland or other 
waterbodies to the extent practical. Where collector lines must intersect these resources, the 
Applicant will bore under these features to the extent practical to minimize impacts ( see 
Section 1 1)." The current site plan shows the following number of intersections between 
aquatic features and crane paths and/or collection routes where aquatic features would be 
bored, however, these are not final: 

  • NWI Wetlands  

  o Freshwater Emergent – 125 crossings 
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  o Riverine – 31 crossings 

  o Freshwater Forested/Shrub – 1 crossing 

  o Freshwater Pond – 1 crossing 

 • NHD Flowlines  

 o Total line segments - 88 total line segments, including 4 separate crossings of 
Stray Horse Creek and 2 separate crossings of Willow Creek 

 

Respondent: Kim Wells, Environmental Services Manager 

 
2-25) Refer to page 90 of the Application, does the company have its NPDES permit? If no, 

provide an update on when that will be obtained. 

Response:  The company does not have its NPDES permit, this will be obtained prior to 
construction. 

Respondent: Mark Thompson, Manager Wind Engineering 
 
 
2-26) Referring to section 16.2 of the Application, will project construction need a concrete batch 

plant?  If so, are any air permits from state or federal agencies required for the operation of 
the batch plant and who will be responsible for obtaining such a permit. 

 

Response: A batch plant will be needed. Air quality permits will be required.  At Crowned 
Ridge Wind’s direction, the EPC Contractor will apply for and obtain the permits.  

 

Respondent:  Mark Thompson, Manager Wind Engineering  

 
2-27) Pursuant to ARSD 20:10:22:23(2), please provide a forecast of the immediate and long-

range impact of property and other taxes of the affected taxing jurisdictions.  This should 
include the forecasted nameplate and production taxes to be paid to the state, each affected 
county, each affected township, and each affected school district. 

 

Response:  Per South Dakota Codified Law (SDCL) 10-35-18, Crowned Ridge Wind is 
expected to provide annual tax revenues of $897,000.00 and a total of $22,425,000.00 for 
the nameplate capacity over the estimated 25 year life of the Project. 

Per South Dakota Codified Law (SDCL) 10-35-19.1, Crowned Ridge Wind forecasts an 
annual average of $575,000.00 generated in tax revenues and a forecasted total of 
$14,940,000.00 for the electricity produced over the estimated 25 year life of the Project. 
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Breakdown for the estimated allocation to county, township and school district is as follows: 

 

  Jurisdiction 
Estimated Tax Dollars  

Life of Project(1) 

  Grant County  $2,170,000.00  

  Codington County  $4,880,000.00  

  Mazeppa Township  $30,000.00  

  Twin Brooks Township  $40,000.00  

  Stockholm Township    $30,000.00  

  Troy Township    $60,000.00  

  German Township   $90,000.00  

  Leola Township  $280,000.00  

  Waverly Township     $400,000.00  

  Rauville Township    $50,000.00  

  Waverly School District  $26,150,000.00  

  Milbank School District  $3,190,000.00  

Total $37,370,000.00  

1) Includes both nameplate capacity and electricity production taxes 

 

Respondent:  Sam Massey, Director of Renewable Development 

   Tyler Wilhelm, Project Manager 

 
 
2-28) Pursuant to ARSD 20:10:22:24, please provide “the estimated number of jobs and a 

description of job classifications, together with the estimate annual employment 
expenditures of the applicants, the contractors, and the subcontractors during the 
construction phase of the proposed facility {emphasis added}” and “[…] the same data 
with respect to the operating life of the proposed facility, to be made for the first ten years of 
commercial operation in one-year intervals.” 

 

Response:  During the construction phase (approximately 6 months) of the project, the 
Applicant currently forecasts approximately $10,000,000 for construction labor (including 
foremen, laborers, carpenters, electricians, millwrights, and heavy equipment operators), 
management, and subcontractor labor peaking at up to 250 employees in the middle of the 
project. 

Approximately 7-12 permanent employees will be hired and retained at the job site for the 
operating life of the facility with an annual salary of $75,000 - $150,000 per year.  This 
amounts to a range of employment expenditures of $600,000 to $1,000,000 per year.  It is 
currently forecasted that salaries would escalate at approximately 3% per year. 
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Respondent:  Mark Thompson, Manager of Wind Engineering  
 
 
2-29) Refer to page 103 of the Application, provide an update on the status of obtaining crossing 

agreements for each of the railroad crossings in the construction area. 

 

Response:  Crowned Ridge Wind anticipates submitting an application with Burlington 
Northern Santa Fe Corporation (BNSF) by May 1, 2019 for the proposed crossings with the 
BNSF railroad located in Codington County and Grant County. Crowned Ridge Wind 
anticipates an eight-week review process by BNSF and that all crossing agreements with 
BNSF will be obtained by July 2019. 

 

 

Respondent: Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
 
2-30) Refer to page 106 of the Application, various tables in Appendix E are mentioned in relation 

to archeological sites. Appendix E relates to the Avian Use Study. Provide the appendix and 
correlating tables for the archeological sites mentioned on page 106. 

 

Response: 
 The cultural resources reports were removed from the final Application prior to submittal to 
the SDPUC due to the sensitive and confidential nature of  the content of such reports. 
Applicant inadvertently retained Appendix reference to those reports in Section 18, and 
hereby corrects the following statements as shown below: 

 -Section 18.6 (page 106): "The Project Construction Easement overlaps nine of the 
previously documented archaeological sites " 

 -Section 18.6.1.2 (page 106): “Eighty-three (83) previously documented standing structures 
have been identified within 1 mile of the Project Area.” 

 -Section 18.6.1.3, (page 106): “Six previously documented historic bridges have been 
identified within 1 mile of the Project Area.” 

 -Section 18.6.1.4, (page 106): “Five previously documented cemeteries have been identified 
within 1 mile of the Project Area.” 

The correlating tables are provided to this response as Confidential Attachment 1. Per the 
State Archaeologist, these materials are confidential, contain protected information, are not 

Exhibit_DK-2 
Page 436 of 626

 
005378

ADMINISTRATIVE RECORD - Scan 3 - Page 19 of 88

- Page 552 -



 

 

to be published or posted, and are to be made available on a need-to-know basis only. 

 

Respondent: Kim Wells, Environmental Services Manager 

 
 
2-31) Referring to Table 24 of the Application, please explain why the Facility Permit from the 

PUC is listed as “complete, permit issued.”   

 

Response:  The indication for the status of PUC permit was inadvertently marked as 
complete, permit issued; it should read “Applied – decision pending.”   

 

 Respondent:  Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
2-32) Referring to Appendix H, please explain why the sound study is representative of winter 

conditions (i.e. frozen ground covered in snow) when the ground attenuation factor used in 
the study was 0.5. 

 

      Response: 
The ground attenuation factor of 0.5 is representative of a half-hard and half-soft ground 
mixture. The ground attenuation factor is a generalized assumption that has been found to be 
most representative of agricultural land under a variety of meteorological conditions 
(Institute of Acoustics 2013; Massachusetts Clean Energy Center and Massachusetts 
Department of Environmental Protection 2016). The ground attenuation factor is not 
intended to represent a specific season or time of year. The ground attenuation factor of 0.5 
has been verified by field measurements compared to model predictions and has been found 
to provide the most accurate representation of attenuation for most on-shore wind farms 
(Institute of Acoustics 2013; Massachusetts Clean Energy Center and Massachusetts 
Department of Environmental Protection 2016). 

 
References: 
Institute of Acoustics. 2013. A Good Practice Guide to the Application of ETSU-R-97 for 
the Assessment and Rating of Wind Turbine Noise. Available at 
https://www.ioa.org.uk/sites/default/files/IOA%20Good%20Practice%20Guide%20on%20
Wind%20Turbine%20Noise%20-%20May%202013.pdf. 

 
Massachusetts Clean Energy Center and Massachusetts Department of Environmental 
Protection. 2016. Massachusetts Study on Wind Turbine Acoustics. Available at 
http://files.masscec.com/research/wind/MassCECWindTurbinesAcousticsStudy.pdf. 
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Respondent: Jay Haley, Wind Engineer  

 
 
2-33) In the tables found in Appendix C of Appendix H of the Application, does structure mean 

occupied residence?   

Response: 

In the tables found in Appendix C of Appendix H of the Application, structure means 
occupied residence or other occupied structure. 

 

Respondent: Jay Haley, Wind Engineer  

 
2-34) Referring to Appendix L, would the Applicant agree to a condition, if the permit is granted, 

that requires the funding an escrow account at $5,000 per turbine per year for a period of 30 
years with the ability for the Commission to adjust after 10 years?  

 

Response: 

Crowned Ridge Wind agrees to the condition, provided the condition is worded so it is 
neither duplicative of nor inconsistent with similar conditions being imposed in Grant and 
Codington Counties on the funding of escrow per turbine.  For reference, the Grant and 
Codington county conditions for funding of escrow can be found at:  

Grant County Ordinance for WES 

 https://grantcounty.sd.gov/photos/announcements/Proposedwes.pdf 

 
Codington County Ordinance 

 
https://www.codington.org/wp-content/uploads/2018/07/Ordinance-68-Section-5.22-
WES.pdf 

 

 

Respondent:  Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 
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2-35) Referring to Appendix M, please explain what “considerable issues” the DOE had with the 
tower placement in the area and provide an update as to how those issues are being resolved. 

Response: In August 2018, Crowned Ridge Wind corresponded with the National 
Telecommunications and Information Administration (NTIA) and requested for the NTIA to 
share the general location of the Project (boundary of Project Area) with the federal agencies 
represented in the Interdepartment Radio Advisory Committee. One agency, the U.S. 
Department of Energy (DOE), had “considerable issues” with turbine placement in this 
general area. The “considerable issues” expressed by the DOE was a judgment based on the 
broad overview of the Project area and not the specific turbine locations proposed by 
Crowned Ridge Wind. Crowned Ride Wind considered all available beam path data in the 
siting of the Project’s turbine locations and avoided known areas that could result in radio 
frequency blockage. Crowned Ridge Wind will coordinate with the DOE moving forward to 
ensure that the Project’s proposed turbine locations avoid any issues that may have been 
considered. 

 

Respondent: Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
2-36) Referring to page 8, lines 19-28 of Jay Haley’s testimony, please identify if Watertown’s 

climatic data set was reviewed and why it could not be used in the shadow flicker model.  
Further, please identify any other climatic data sets from towns closer to the Project Area 
were considered and why those data sets could not be used in the shadow flicker model. 

 

Response: 

Watertown, South Dakota is not included in the National Climatic Data Center database of 
long-term sunshine probabilities. The closest city is Huron, South Dakota, which is 
approximately 80 miles to the southwest of the Project Area. Due to its close proximity, 
Huron’s sunshine probabilities are likely well representative for the Project Area. Other 
cities included in the National Climatic Data Center available to choose from were further 
from the Project Area (i.e., Sioux Falls, Rapid City). 

 

Respondent: Jay Haley, Wind Engineer  

 
 
2-37) Refer to the testimony of Kimberly Wells. On page 4, lines 4-5, she states that the company 

“Is in the process of finishing wetland and stream delineation field surveys, and cultural 
resources surveys.” Provide an update on the status of these surveys and an estimate on 
when they’ll be completed. 
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Response: The Applicant has completed aquatic resources surveys on approximately 7,590 
acres (89% of the area requiring survey). Approximately 967 acres (11%) will be surveyed 
in 2019, and surveys will begin as soon as weather conditions allow. The Applicant 
estimates that surveys will begin in March or April 2019 and will be complete in late spring 
2019. 

The Applicant has completed cultural surveys on approximately 8,430 acres (87% of the 
area requiring survey). Approximately 1,223 acres (13%) will be surveyed in 2019, and 
surveys will begin as soon as weather conditions allow. The Applicant estimates that surveys 
will begin in March or April 2019 and will be complete in late spring 2019. 

 

Respondent: Kim Wells, Environmental Services Manager  

 
 
2-38) Referring to page 13, line 1 of Kimberly Wells’ direct testimony, please explain what is 

meant by “site turbines with consideration of SDGFP-documented leks.”  Specifically, did 
the GF&P provide any recommendations regarding a construction buffer during lekking 
season and/or turbine locations near leks? 

 

Response: 

In April 2017, the South Dakota Game, Fish, and Parks (SDGFP) asked that the Applicant 
consider placing a 1-mile buffer around leks when siting and placing infrastructure. The 
Applicant sited infrastructure in consideration of avoiding or minimizing impacts to known 
lek locations to the extent practical. All turbines are sited more than 0.3 miles from known 
lek locations. We believe this buffer is sufficient because there are existing features and/or 
disturbances not related to the Project, including roadways, within 0.3 mile of the lek 
centroid already existing in the project area. Given all constraints in the Project Area, the 
Applicant elected to use a reduced buffer, as have other recent wind applicants. The SDGFP 
also recommends that construction during the lekking period (March 1 to June 30) avoid 
known leks by two miles. The Applicant will follow this recommendation during 
construction activities, thereby minimizing potential affects to known leks as a result of 
construction activities. We believe the combination of avoidance of construction during the 
lekking period and the siting buffer from turbines are sufficient measures to avoid and 
minimize potential impacts on sharp-tailed grouse leks. 

 

Respondent: Kim Wells, Environmental Services Manager 
 
 
2-39) Refer to the testimony of Mark Thompson. On page 8 he lists 12 jobs that will be created 

due to this wind farm.  
a) How many of those jobs will be located in South Dakota?  
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b) Will any of the employees of these positions be from South Dakota or will the worker be 
hired from other states and moved to South Dakota? 

 

 

Response:  

a) All of the 12 positions are on site jobs and will be in South Dakota. 

 b) The origin of the personnel employed is not known at this time.  It will only be known 
when the interview and selection process is complete, which is expected to occur 6 months 
prior to the project’s commercial operating date (COD).   

 

Respondent: Mark Thompson, Manager Wind Engineering 
 
 
2-40) Refer to the testimony of Mark Thompson. On page 11 he states that a decommissioning 

plan is required to be filed for Board approval in Grant County at least 30 days prior to 
construction.  
a) Has the company filed this plan with Grant County? If not, when will the 

decommissioning plan be filed? 
b) Will the decommissioning plan filed with Grant County vary in anyway from the plan 

filed in this application? 
 

 

Response: a) No, 30 days prior to the start of construction 

   b) The filed plan will not vary from filing outlined in the application.   

                            

Respondent: Mark Thompson, Manager Wind Engineering 

 
 
2-41) Refer to the testimony of Tyler Wilhelm and Sam Massey. On page 5 they state that 99% of 

the necessary property rights have been obtained. Provide an update on if the remaining 1% 
has been obtained. If it hasn’t, does the company still estimate all property rights necessary 
for the project will be obtained by March 1, 2019? 

 

 

Response:  Crowned Ridge Wind is working actively with the landowner to obtain the 
outstanding easement. The Applicant anticipates that all property rights necessary for the 
Project will be obtained by March 31, 2019. 
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Respondent: Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
 
2-42) Referring to page 7, lines 14 through 18 of Tyler Wilhelm’s and Sam Massey’s direct 

testimony, please identify what local telecommunications companies the Applicant has been 
in contact with and the status of discussions with those companies.  Further, are there any 
plans to enter into an agreement with those companies and, if so, provide a status update on 
the agreement. 

Response:  Crowned Ridge Wind has been in contact with Interstate Telecommunication 
Cooperative, Inc. (ITC). At this time detailed information has been exchanged between 
Crowned Ridge Wind and ITC containing proposed locations of Project infrastructure and 
the location of ITC’s existing utilities within or adjacent to the proposed Project Area. 
Crowned Ridge Wind has mapped the locations of ITC’s existing utilities and will work 
with ITC to design for underground crossings to meet ITC’s crossing requirements. ITC is 
still reviewing the locations of the Project’s proposed infrastructure in relation to their 
existing utilities. Crossing Agreements with ITC will be required and are to be pursued once 
reviews have been finalized by both parties. 

Crowned Ridge Wind’s correspondence with ITC indicates that ITC will have completed 
upgrades to their system, inclusive of fiber optic communications, by fall of 2019 and 
before Crowned Ridge Wind anticipates energizing the Project. Such upgrades greatly 
reduce the potential for interferences to occur, however, Crowned Ridge Wind will continue 
to work with ITC to implement a mitigation plan to address how potential, but unlikely, 
interferences would be cured.   

Respondent: Sam Massey, Director of Renewable Development 

  Tyler Wilhelm, Project Manager 

 
2-43) Refer to the testimony of Tyler Wilhelm and Sam Massey. On page 8 they state that the 

ADLS application process will begin when the company receives DNHs from the FAA.  
a) Provide an update on the status of the DNH process.  
b) Is the DNH application process still anticipated to be completed in the second quarter of 

2019? 
c) If the ADLS process is not completed but still in process by the anticipated start of 

construction, what are the company’s plans for lighting of the towers? 
 

Response: 

a) Provide an update on the status of the DNH process. 

 Crowned Ridge Wind has recently requested that the FAA confirm their findings 
and, assuming no omissions, that the FAA continue their review by conducting 
further aeronautical studies and circularization for public comment. 

b) Is the DNH application process still anticipated to be completed in the second quarter of 
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 If the FAA concludes that the airspace impacts do not result in a substantial adverse
effect and there are no comments received during public comment, then Crowned
Ridge Wind would anticipate receipt of DNHs by July 2019.

c) If the ADLS process is not completed but still in process by the anticipated start of
construction, what are the company’s plans for lighting of the towers?

 Crowned Ridge Wind will equip the Project’s turbines with ADLS capability prior
to the construction of the Project. If ADLS approval is still in process during start of
construction and after operations begin, Crowned Ridge Wind will comply with all
lighting and markings otherwise required by the FAA. ADLS capabilities will be
enforced by Crowned Ridge Wind once/if the use of ADLS is approved by the
FAA.

Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager 
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1 INTRODUCTION 

Crowned Ridge Wind, LLC, a wholly owned indirect subsidiary of NextEra Energy Resources, LLC 
(NextEra), plans to develop an approximately 300-megawatt (MW) wind facility known as the Crowned 
Ridge I Wind Energy Facility on 53,186 acres of land in Grant and Codington Counties, South Dakota. 
For the purposes of this assessment, the wind facility is referred to as the project and the 53,186 acres of 
land encompassing the wind facility are referred to as the project area. Crowned Ridge Wind, LLC, has 
entered into a purchase and sale agreement under which it will permit and construct the project (including 
the off-site generation tie line) and, thereafter, transfer the project, along with its Facility Permits, to 
Northern States Power at the commercial operations date.  
Crowned Ridge Wind, LLC, contracted SWCA Environmental Consultants (SWCA) to complete an 
aquatic resources assessment for the project. The objectives of the aquatic resources assessment were 
to identify and evaluate wetlands and other waters of the U.S. within the project area that may be 
considered jurisdictional and potentially subject to U.S. Army Corps of Engineers (USACE) jurisdiction 
under Section 404 of the Clean Water Act (CWA). This report provides the methods, results, and 
conclusions of the aquatic resource assessment that SWCA conducted within multiple survey areas 
during 2017 and 2018. 

2 ENVIRONMENTAL SETTING 

Ecoregions are delineated based on the continuity of natural resource availability, vegetation 
communities, and other factors (Bryce et al. 1998). The U.S. Environmental Protection Agency (EPA) and 
the Commission for Environmental Cooperation (CEC) defined a hierarchy of ecoregions at various 
scales, with Level I ecoregions being the coarsest level defined at the global scale, through Level III at the 
national scale (CEC 1997). Bryce et al. (1998) defined smaller Level IV ecoregions at a regional scale 
within the Level III ecoregions for the states of North and South Dakota.  
The project is located within the Level IV Prairie Coteau, Big Sioux Basin, and Prairie Coteau Escarpment 
ecoregions, which are subdivisions of the Level III Northern Glaciated Plateau ecoregion (Bryce et al. 
1998). The Prairie Coteau ecoregion resulted from stagnant glacial ice melting beneath a layer of 
sediment, and it is dominated by a tightly undulating, hummocky landscape with no drainage pattern. This 
ecoregion has large chains of lakes and scattered semipermanent or seasonal wetlands (Bryce et al. 
1998). The Big Sioux Basin ecoregion is within the surrounding Prairie Coteau ecoregion and differs from 
that region in that it has a well-defined drainage network and gentler topography (Bryce et al. 1998). The 
Prairie Coteau Escarpment ecoregion is defined by higher elevations and broken topography that have 
resulted in cool perennial streams that flow off the escarpment (Bryce et al. 1998). 

3 METHODS 

SWCA completed an aquatic resources assessment for multiple survey areas within the project area 
using a combination of desktop review and field surveys. A desktop analysis was conducted to identify 
wetlands and other waterbodies within the project area. Field investigations occurred in multiple survey 
areas, defined by locations of proposed project infrastructure.  

3.1 Desktop Analysis 

Publicly available data sources were used to complete a desktop analysis to assess the likelihood of 
wetlands and other waters of the U.S. occurring within the project area: 

 Aerial imagery (various years, including publicly available colored-infrared imagery) 
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 U.S. Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) (USFWS 2015) 
mapping 

 U.S. Geological Survey (USGS) national Hydrography Dataset (NHD) (USGS 2013) 
 National Land Cover Dataset (NLCD) (Homer et al. 2015) 

3.2 Field Investigations 

SWCA used results of the desktop analysis to inform field investigations in survey areas. To-date, SWCA 
has conducted aquatic resources field investigations from May 2, 2017, to November 7, 2018, including 
wetland determinations, in accordance with guidance and information available from the following 
sources:  

 Corps of Engineers Wetlands Delineation Manual (USACE 1987) 
 Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Midwest Region 

(Version 2.0) (USACE 2010)  
 Field Indicators of Hydric Soils in the United States, Version 8.0 (Natural Resources Conservation 

Service [NRCS] 2016) 
 Revised (December 2, 2008) Guidance on Clean Water Act Jurisdiction following the Supreme 

Court Decision in Rapanos v. U.S. and Carabell v. U.S. (revision to the joint memorandum issued 
by the USACE and the EPA on June 5, 2007) (EPA 2008) 

The presence or absence of wetlands was determined in the field using routine determination methods 
outlined in the Corps of Engineers Wetlands Delineation Manual and Regional Supplement (USACE 
1987, 2010). Wetland delineations use a three-parameter approach, in which wetlands are identified by 
positive indicators of hydrology, hydrophytic vegetation, and the presence of hydric soils. Under normal 
conditions, all three parameters must be present for an area to be considered a jurisdictional wetland in 
accordance with Section 404 of the CWA. Wetland determinations use a more qualitative assessment 
method. Determinations conducted in the field assumed that areas exhibiting positive indicators of 
hydrology and hydrophytic vegetation were wetlands. Soil pits typically were not used to assess the 
presence or absence of hydric soils in the field. In certain situations, normal seasonal or annual variation 
in environmental conditions or human activities can lead to the development of areas in which wetland 
vegetation or wetland hydrology may not be readily apparent. Further investigation was completed in 
such areas when presence of wetlands was suspected. A shovel test was conducted in areas that lacked 
readily apparent hydrophytic vegetation or indicators of hydrology to assist in an accurate determination 
of the presence of a wetland based on the presence of hydric soils or other secondary indicators of 
hydrology present within the soil profile. 
Once a wetland was determined to be present, it was classified according to the Cowardin System, as 
described in Classification of Wetlands and Deepwater Habitats of the United States (Cowardin et al. 
1979). This is a hierarchical system based on the topographic position and vegetation type of a wetland, 
which aids resource managers and others by providing uniformity of concepts and terms used to define 
wetlands according to hydrologic, geomorphologic, chemical, and biological factors.  
Wetland hydrology was primarily determined in the field by considering the frequency and duration of 
inundation, visual observation of saturation, and the presence of primary wetland hydrologic indicators 
(such as water-stained leaves, water marks, sediment deposits, or algal matting). Secondary indicators 
used to determine wetland hydrology include, but are not limited to, surface soil cracks, crayfish burrows, 
geomorphic position, and drainage patterns. Evidence of these secondary indicators is present even 
during dry periods, and therefore they are useful indicators of a wetland. If the area sampled displayed 
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one or more primary hydrologic indicators or two or more secondary hydrologic indicators, a positive 
wetland hydrology determination was made. 
Vegetation in survey areas was identified to the species level when possible. The appropriate wetland 
indicator status, as recorded in 2016 National Wetland Plant List (Lichvar et al. 2016), was assigned to 
each species for data recorded. Wetland indicator statuses include:  

• Obligate (OBL): almost always occurs in wetlands 
• Facultative Wetland (FACW): usually occurs in wetlands, but may occur in non-wetlands  
• Facultative (FAC): occurs in wetlands or non-wetlands 
• Facultative Upland (FACU): usually occurs in non-wetlands, but may occur in wetlands  
• Upland (UPL): almost never occurs in wetlands  

Streams (e.g., creeks, rivers, human-made ditches) were identified by the presence of an ordinary high-
water mark (OHWM), which is usually identifiable by indicators such as the level of water present, 
scouring of the channel, or a vegetation line within the channel. The OHWM is a defining element for 
identifying the lateral limits of non-wetland waters. SWCA biologists recorded the OHWMs of water bodies 
encountered. Streams were then classified as perennial, intermittent, or ephemeral based on field 
observations. If an OHWM was not present, the feature was assessed based on wetland criteria. 

4 RESULTS 

4.1 Desktop Analysis 

SWCA reviewed the USFWS NWI mapping to determine the potential presence of wetland features within 
the project area. Based on this review, 2,871 potential NWI features were located within the project area. 
The desktop assessment identified 425 NHD line segments and 309 USFWS protected wetland basins 
within the project area (Appendix A). 

4.1.1 Vegetation 
Land cover within the project area consisted primarily of approximately 30,701.5 acres of pastureland. 
Cultivated crops accounted for approximately 19,049.25 acres, with the predominant crops being 
soybean, corn, and wheat. SWCA biologists documented vegetation throughout the project area while 
conducting field visits (Appendix A). Land cover types within survey areas were field-verified to confirm 
NLCD data (Homer et al. 2015). 

4.1.2 Soils 
Desktop analysis identified 101 mapped soil types present within the project area (Appendix A) according 
to NRCS (2018)(Table 1). 
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Table 1. Mapped Soil Types within the Project Area 

Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

Buse-Forman loams, 
25 to 40 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 69.6 

Buse-Forman-Aastad 
loams, 4 to 15 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 31.5 

Flom clay loam  Predominantly 
Hydric 

Poorly drained Rare/None 12 7.1 

Forman-Aastad 
loams, 1 to 6 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 65.8 

Forman-Aastad 
loams, 3 to 9 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 60.7 

Forman-Aastad 
loams, 4 to 15 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 57.2 

Forman-Buse loams, 
6 to 9 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 26.5 

Forman-Buse loams, 
15 to 25 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 28.1 

Forman-Buse 
extremely stony 
loams, 9 to 40 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 37.6 

Hattie clay loam, 9 to 
15 percent slopes  

Non-Hydric Well drained None/None 80 635.5 

Hattie clay loam, 15 to 
40 percent slopes  

Non-Hydric Well drained None/None 80 324 

Buse-Sioux complex, 
9 to 40 percent slopes  

Non-Hydric Well drained None/None 78 2.1 

Great Bend-Beotia silt 
loams, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 48.75 2.5 

Forman-Aastad 
complex, 1 to 4 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 47 1.3 

LaDelle silt loam, 
channeled  

Predominantly 
Non-Hydric 

Moderately well 
drained 

Occasional/None 51 27.4 

Ludden silty clay  Hydric Poorly drained Frequent/Frequent 0 11.1 
Parnell silty clay loam  Hydric Very poorly 

drained 
None/Frequent 0 32.1 

Southam silty clay 
loam, 0 to 1 percent 
slopes  

Predominantly 
Hydric 

Very poorly 
drained 

None/Frequent 0 to 6 219.2 

Peever clay loam, 
coteau, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 74 
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Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

Peever clay loam, 
coteau, 2 to 6 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 2,181.20 

Peever clay loam, 6 to 
9 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 875.6 

Peever clay loam, 2 to 
6 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 47 43.5 

Playmoor silty clay 
loam  

Predominantly 
Hydric 

Poorly drained Frequent/None 9 32.6 

Tonka silty clay loam, 
0 to 1 percent slopes  

Predominantly 
Hydric 

Poorly drained None/Frequent 0 to 18 56.5 

Vallers-Parnell 
complex  

Hydric Poorly drained Rare/None 12 0.2 

Water  Non-Hydric 
 

None/None 78 108.1 
Tonka silty clay loam, 
0 to 1 percent slopes  

Predominantly 
Hydric 

Poorly drained None/Frequent 0 18.8 

Badger-Tonka silty 
clay loams, coteau, 0 
to 1 percent slopes  

Partially Hydric Somewhat poorly 
drained 

Frequent/None 18 8.2 

Oldham silty clay 
loam, coteau, 0 to 1 
percent slopes  

Predominantly 
Hydric 

Very poorly 
drained 

None/Frequent 0 17.6 

Southam silty clay 
loam, 0 to 1 percent 
slopes  

Predominantly 
Hydric 

Very poorly 
drained 

None/Frequent 0 139.5 

Parnell silty clay loam, 
coteau, 0 to 1 percent 
slopes  

Predominantly 
Hydric 

Very poorly 
drained 

None/Frequent 0 331.2 

Vallers loam, coteau, 
0 to 1 percent slopes  

Predominantly 
Hydric 

Poorly drained None/Occasional 6 20.7 

Vallers-Hamerly 
loams, coteau, 0 to 2 
percent slopes  

Partially Hydric Poorly drained None/Occasional 6 556.8 

Vallers-Parnell 
complex, coteau, 0 to 
2 percent slopes  

Predominantly 
Hydric 

Poorly drained None/Occasional 6 to 18 593.2 

Hamerly-Tonka 
complex, coteau, 0 to 
2 percent slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 1,153.10 

Hamerly-Badger 
complex, coteau, 0 to 
2 percent slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 540.8 

McKranz-Hidewood, 
frequently flooded, 
silty clay loams, 0 to 2 
percent slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 296.2 

Mckranz-Badger silty 
clay loams, 0 to 2 
percent slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 821.1 
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Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

Hamerly-Balaton 
loams, coteau, 0 to 3 
percent slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 56.2 

Hetland silty clay 
loam, 2 to 6 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 36.5 

Forman-Aastad 
loams, coteau, 0 to 2 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 11.8 

Forman-Aastad 
loams, coteau, 1 to 6 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 1,861.80 

Forman-Buse-Aastad 
loams, coteau 1 to 6 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 3,660.20 

Forman-Buse-Aastad 
loams, coteau, 2 to 9 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 3,937.90 

Forman-Buse-Aastad 
loams, coteau, 2 to 15 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 2,140.50 

Forman-Buse loams, 
2 to 15 percent 
slopes, very stony  

Predominantly 
Non-Hydric 

Well drained None/None 80 2,321.30 

Buse-Langhei 
complex, 9 to 40 
percent slopes, very 
stony  

Predominantly 
Non-Hydric 

Well drained None/None 80 815.7 

Buse-Forman loams, 
15-40 percent slopes, 
very stony  

Predominantly 
Non-Hydric 

Well drained None/None 80 747 

Buse-Langhei 
complex, coteau, 15 to 
40 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 78 295.3 

Barnes-Svea loams, 
coteau, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 48.75 714.9 

Barnes-Svea loams, 
coteau, 1 to 6 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 48.75 1,966.50 

Barnes-Buse-Svea 
loams, coteau, 1 to 6 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 48.75 2,361.20 

Barnes-Buse-Svea 
loams, coteau, 2 to 9 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 953.7 

Barnes-Buse loams, 
coteau, 6 to 9 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 1,077.80 

Buse-Barnes loams, 
coteau, 9 to 20 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 93.6 
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Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

Buse-Barnes loams, 
coteau, 2 to 15 
percent slopes, very 
stony  

Predominantly 
Non-Hydric 

Well drained None/None 80 2,594.40 

Buse-Barnes loams, 
coteau, 9 to 40 
percent slopes, very 
stony  

Predominantly 
Non-Hydric 

Well drained None/None 80 726 

Buse-Lamoure, 
channeled, frequently 
flooded, complex, 0 to 
40 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 122.5 

Buse very stony-
Lamoure, channeled, 
frequently flooded, 
complex, 0 to 40 
percent slopes  

Partially Hydric Well drained None/None 80 479 

Buse-Langhei, very 
stony-La Prairie, 
channeled, 
occasionally flooded, 
complex, 0 to 60 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 996.1 

Rauville silty clay 
loam, coteau, 0 to 1 
percent slopes, 
frequently flooded  

Predominantly 
Hydric 

Very poorly 
drained 

Frequent/None 0 to 12 547.1 

Lamoure silty clay 
loam, coteau, 0 to 1 
percent slopes, 
occasionally flooded  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

Occasional/None 18 to 30 202.6 

Lamoure-Rauville silty 
clay loams, 
channeled, 0 to 2 
percent slopes, 
frequently flooded  

Predominantly 
Hydric 

Poorly drained Frequent/None 6 to 18 370.6 

Fairdale loam, 
channeled, 0 to 2 
percent slopes, 
frequently flooded  

Predominantly 
Non-Hydric 

Moderately well 
drained 

Frequent/None 30 22.9 

Marysland loam, 0 to 
1 percent slopes, 
occasionally flooded  

Predominantly 
Hydric 

Poorly drained Occasional/None 6 to 18 367.3 

Divide loam, 0 to 2 
percent slopes, 
occasionally flooded  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

Occasional/None 16 to 28 537.2 

Moritz, occasionally 
flooded-Lamoure, 
frequently flooded, 
complex, 0 to 2 
percent slopes  

Partially Hydric Somewhat poorly 
drained 

Occasional/None 18 30 

Spottswood loam, 0 to 
2 percent slopes, 
occasionally flooded  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

Occasional/None 16 to 28 108.3 

La Prairie loam, 
coteau, 0 to 2 percent 

Predominantly 
Non-Hydric 

Moderately well 
drained 

Occasional/None 30 to 41 13.9 
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Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

slopes, occasionally 
flooded  
Fordtown loam, 0 to 2 
percent slopes, rarely 
flooded  

Non-Hydric Well drained Rare/None 43 2.4 

Renwash loam, 0 to 2 
percent slopes, rarely 
flooded  

Non-Hydric Somewhat 
excessively 
drained 

Rare/None 43 to 55 78.6 

Renshaw-Fordville 
loams, coteau, 0 to 2 
percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 1950.5 

Renshaw-Fordville 
loams, coteau, 2 to 6 
percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 198.1 

Renshaw loam, 
coteau, 0 to 2 percent 
slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 278.3 

Renshaw loam, 
coteau, 2 to 6 percent 
slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 4 

Renshaw-Sioux 
complex, coteau, 2 to 
6 percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 390 

Renshaw-Sioux 
complex, coteau, 6 to 
9 percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 39.9 

Sioux-Renshaw 
complex, coteau, 9 to 
15 percent slopes  

Non-Hydric Excessively 
drained 

None/None 80 60.3 

Sioux-Renshaw 
complex, coteau, 15 to 
40 percent slopes  

Non-Hydric Excessively 
drained 

None/None 80 1.9 

Renshaw-Sioux 
complex, 2 to 15 
percent slopes, very 
stony  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 84.8 

Arvilla-Sandberg 
sandy loams, coteau, 
6 to 9 percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 7 

Udorthents, coteau 
(gravel pits)  

Non-Hydric Excessively 
drained 

None/None 80 50 

Rentill loam, coteau, 0 
to 2 percent slopes  

Non-Hydric Well drained None/None 80 6.4 

Sioux-Renshaw 
complex, 15 to 40 
percent slopes, very 
stony  

Non-Hydric Excessively 
drained 

None/None 80 135.9 

Maddock loamy fine 
sand, 9 to 25 percent 
slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 6.2 

Egeland-Embden 
complex, coteau, 0 to 
2 percent slopes  

Non-Hydric Well drained None/None 80 16.7 
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Soil Name Hydric Drainage Class 
Frequency of 
Flooding/Ponding 

Depth to Water 
Table (inches) 

Acreage 
within 

Project Area 

Egeland-Embden 
complex, coteau, 2 to 
6 percent slopes  

Non-Hydric Well drained None/None 80 2 

Maddock-Egeland 
sandy loams, coteau, 
2 to 6 percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 14.9 

Maddock-Egeland 
sandy loams, coteau, 
6 to 9 percent slopes  

Non-Hydric Somewhat 
excessively 
drained 

None/None 80 6.5 

Brookings silty clay 
loam, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Moderately well 
drained 

None/None 30 to 41 149.9 

Vienna-Brookings 
complex, 0 to 2 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 2,489.90 

Vienna-Brookings 
complex, 1 to 6 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 80 1,399.80 

Vienna-Buse complex, 
coteau, 6 to 9 percent 
slopes  

Non-Hydric Well drained None/None 80 102.6 

Barnes clay loam, 
coteau, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 to 61 1,279.00 

Barnes clay loam, 
coteau, 2 to 6 percent 
slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 to 61 3,768.50 

Vienna-Forestville 
loams, coteau, 0 to 2 
percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 to 61 131.3 

Vienna-Barnes-
Forestville loams, 1 to 
6 percent slopes  

Predominantly 
Non-Hydric 

Well drained None/None 49 to 61 548.5 

Mauvais clay loam, 
occasionally ponded, 
2 to 6 percent slopes, 
extremely stony  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/Occasional 6 20.2 

McKranz silty clay 
loam, 0 to 2 percent 
slopes  

Predominantly 
Non-Hydric 

Somewhat poorly 
drained 

None/None 18 to 30 120.6 

Rauville mucky silty 
clay loam, ponded, 0 
to 1 percent slopes, 
frequently flooded  

Hydric Very poorly 
drained 

Frequent/Frequent 0 to 6 131.6 

Hidewood silty clay 
loam, 0 to 2 percent 
slopes, frequently 
flooded  

Predominantly 
Hydric 

Poorly drained Frequent/None 6 38.9 

Source: Natural Resources Conservation Service (2018). 
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4.2 Field Investigations 

SWCA biologists conducted field investigations between May 2, 2017, and November 7, 2018, to assess 
general site characteristics, ground-truth mapped features identified during the desktop analysis, and 
assess the potential for occurrence of unmapped wetland or other aquatic resources. Representative 
photographs taken during field investigations are included in Appendix B.  

4.2.1 Aquatic Resources 
During site visits, SWCA biologists performed determinations on potential aquatic resources (NWI, NHD 
flowlines, and USFWS protected basins) identified during the desktop analysis within the survey areas. 
Additional aquatic resources not identified during the desktop analysis were recorded within the survey 
areas if encountered by SWCA biologists. Representative photographs are in Appendix B. 

4.2.1.1 WETLANDS 

SWCA biologists recorded 369 wetlands encompassing 433.1 acres within the survey areas. The 369 
wetlands observed include 165 seasonal wetlands (76.1 acres), 94 semipermanent wetlands (142.9 
acres), and 109 permanent wetlands (209.1 acres) (Appendix A). One gravel pit pond (4.9 acres) was 
also recorded within the survey areas. Table 2 provides additional detail for all field assessed wetlands in 
the survey areas.  

Table 2. Field Assessed Wetlands Determined for the Survey Areas 

Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET001 5/2/2017 -96.924911 45.064913 Seasonal 1.22 
WET002 5/2/2017 -96.922225 45.064492 Seasonal 0.68 
WET003 5/2/2017 -96.914452 45.065043 Seasonal 0.44 
WET004 5/2/2017 -96.915293 45.062223 Seasonal 1.11 
WET005 5/3/2017 -96.923104 45.059989 Seasonal 0.09 
WET006 5/3/2017 -96.923153 45.060458 Seasonal 0.24 
WET007 7/13/2017 -96.767259 45.099898 Semipermanent 6.22 
WET008 7/13/2017 -96.770715 45.093622 Semipermanent 1.33 
WET009 7/13/2017 -96.802031 45.091467 Semipermanent 0.85 
WET010 7/13/2017 -96.801158 45.09148 Semipermanent 2.80 
WET011 7/13/2017 -96.831493 45.077816 Semipermanent 0.61 
WET012 7/13/2017 -96.834394 45.069139 Semipermanent 2.96 
WET013 7/13/2017 -96.840144 45.058149 Semipermanent 0.49 
WET014 7/13/2017 -96.858347 45.063747 Semipermanent 1.39 
WET015 7/14/2017 -96.841698 45.065953 Semipermanent 0.32 
WET016 7/14/2017 -96.840276 45.066502 Semipermanent 0.45 
WET017 7/14/2017 -96.846297 45.062041 Seasonal 0.13 
WET018 7/14/2017 -96.853864 45.062139 Seasonal 0.33 
WET019 7/14/2017 -96.855246 45.062634 Seasonal 0.07 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET020 7/14/2017 -96.893903 45.064403 Seasonal 0.23 
WET021 7/14/2017 -96.893385 45.064672 Seasonal 0.15 
WET022 7/19/2017 -96.850033 45.065578 Seasonal 0.08 
WET023 7/19/2017 -96.849984 45.065159 Seasonal 0.16 
WET024 7/19/2017 -96.858617 45.062207 Seasonal 0.66 
WET025 7/19/2017 -96.86105 45.062399 Semipermanent 2.58 
WET026 7/20/2017 -96.796909 45.092497 Seasonal 0.52 
WET027 7/27/2017 -96.855944 45.06485 Seasonal 0.11 
WET028 7/27/2017 -96.855417 45.065477 Permanent 2.07 
WET029 7/27/2017 -96.855961 45.066438 Seasonal 0.14 
WET030 8/18/2017 -96.970349 45.149634 Semipermanent 1.00 
WET031 8/18/2017 -96.970931 45.147203 Seasonal 0.15 
WET032 8/18/2017 -96.995555 45.133423 Semipermanent 0.45 
WET033 8/21/2017 -96.979778 45.122435 Permanent 0.11 
WET034 8/21/2017 -96.987418 45.130488 Semipermanent 1.79 
WET035 8/21/2017 -96.978465 45.131501 Permanent 0.70 
WET036 8/21/2017 -96.962695 45.133123 Semipermanent 0.32 
WET037 8/21/2017 -96.95781 45.133053 Semipermanent 0.15 
WET038 8/22/2017 -96.982668 45.116261 Semipermanent 0.60 
WET039 8/22/2017 -96.951747 45.130718 Semipermanent 1.76 
WET040 8/22/2017 -96.984184 45.116293 Semipermanent 2.22 
WET041 8/22/2017 -96.981336 45.118318 Semipermanent 0.07 
WET042 8/22/2017 -96.94646 45.131045 Semipermanent 1.45 
WET043 8/23/2017 -96.826287 45.074849 Semipermanent 0.40 
WET044 8/23/2017 -96.798887 45.080243 Seasonal 0.46 
WET045 8/23/2017 -96.799571 45.081588 Permanent 1.16 
WET046 8/23/2017 -96.851357 45.079421 Semipermanent 1.51 
WET047 8/23/2017 -96.836296 45.076515 Seasonal 0.35 
WET048 8/23/2017 -96.801125 45.080993 Permanent 0.99 
WET049 8/23/2017 -96.834602 45.08118 Seasonal 0.38 
WET050 8/23/2017 -96.956768 45.082351 Seasonal 0.19 
WET051 8/23/2017 -96.823788 45.07576 Semipermanent 1.17 
WET052 8/24/2017 -96.897776 45.066553 Permanent 3.16 
WET053 8/24/2017 -96.931999 45.059089 Semipermanent 1.82 
WET054 8/24/2017 -96.927262 45.040779 Seasonal 0.10 
WET055 8/24/2017 -96.853742 45.045201 Seasonal 0.01 
WET056 8/24/2017 -96.866794 45.061167 Seasonal 0.16 
WET057 8/24/2017 -96.886499 45.046191 Permanent 5.53 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET058 8/23/2017 -96.819431 45.082183 Permanent 3.87 
WET059 8/26/2017 -96.930612 45.031952 Semipermanent 0.31 
WET060 8/26/2017 -96.917347 45.019189 Semipermanent 1.92 
WET061 8/26/2017 -96.938434 45.015909 Seasonal 0.15 
WET062 8/26/2017 -96.93558 45.015326 Seasonal 0.39 
WET063 8/26/2017 -96.936501 45.015686 Seasonal 0.11 
WET064 8/26/2017 -96.936182 45.016191 Seasonal 0.19 
WET065 8/26/2017 -96.82627 45.046112 Seasonal 0.17 
WET066 8/25/2017 -96.947207 45.04716 Permanent 3.93 
WET067 8/25/2017 -96.945025 45.045803 Semipermanent 0.56 
WET068 8/25/2017 -96.998303 45.025175 Semipermanent 0.41 
WET069 8/25/2017 -97.010196 45.009422 Semipermanent 0.71 
WET070 8/27/2017 -96.939613 45.039092 Seasonal 0.54 
WET071 8/27/2017 -96.940871 45.039332 Seasonal 0.27 
WET072 8/27/2017 -96.928552 45.041985 Seasonal 0.05 
WET073 8/27/2017 -96.930539 45.041323 Semipermanent 1.07 
WET074 8/27/2017 -96.929516 45.039601 Semipermanent 1.04 
WET075 8/27/2017 -96.777226 45.088224 Seasonal 0.54 
WET076 8/28/2017 -96.998077 45.110836 Seasonal 1.08 
WET077 8/28/2017 -96.996576 45.111516 Seasonal 0.49 
WET078 10/29/2017 -96.923334 45.045398 Seasonal 0.18 
WET079 10/29/2017 -96.924492 45.023898 Semipermanent 5.01 
WET080 10/29/2017 -96.924208 45.015838 Semipermanent 1.01 
WET081 10/29/2017 -96.924292 45.017747 Seasonal 0.40 
WET082 11/13/2017 -96.961713 45.14193 Semipermanent 1.46 
WET083 11/13/2017 -96.992432 45.128334 Seasonal 0.14 
WET084 11/13/2017 -96.992839 45.128392 Seasonal 0.05 
WET085 11/13/2017 -96.993196 45.128812 Semipermanent 0.69 
WET086 11/13/2017 -96.992205 45.126392 Seasonal 0.22 
WET087 11/13/2017 -96.992829 45.127009 Seasonal 0.30 
WET088 11/13/2017 -96.992487 45.127518 Seasonal 0.42 
WET089 11/13/2017 -96.993248 45.127725 Permanent 0.15 
WET090 11/14/2017 -97.008051 45.077519 Semipermanent 2.10 
WET091 11/14/2017 -97.006779 45.071482 Seasonal 0.26 
WET092 11/14/2017 -96.997735 45.042991 Semipermanent 2.75 
WET093 11/14/2017 -96.95671 45.032038 Seasonal 12.73 
WET094 11/14/2017 -96.925827 45.067317 Semipermanent 3.32 
WET095 11/14/2017 -96.927211 45.06817 Seasonal 0.09 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET096 11/14/2017 -96.930311 45.069394 Seasonal 0.28 
WET097 11/14/2017 -96.938413 45.071863 Seasonal 0.25 
WET098 11/14/2017 -96.937761 45.073436 Seasonal 3.28 
WET099 11/14/2017 -96.942584 45.070339 Semipermanent 0.43 
WET100 11/14/2017 -97.007707 45.07354 Seasonal 0.26 
WET101 11/29/2017 -96.824459 45.089177 Permanent 8.44 
WET102 11/29/2017 -96.826977 45.087475 Semipermanent 4.79 
WET103 11/29/2017 -96.839384 45.085809 Semipermanent 1.21 
WET104 11/29/2017 -96.849278 45.082359 Seasonal 2.31 
WET105 11/30/2017 -96.827735 45.067196 Seasonal 0.63 
WET106 11/30/2017 -96.829821 45.066303 Seasonal 0.08 
WET107 11/30/2017 -96.830391 45.067618 Semipermanent 0.57 
WET108 11/30/2017 -96.836165 45.081044 Seasonal 0.40 
WET109 11/30/2017 -96.83386 45.0768 Semipermanent 1.48 
WET110 11/30/2017 -96.834534 45.074623 Semipermanent 5.20 
WET111 11/30/2017 -96.8885 45.05841 Semipermanent 11.54 
WET112 11/30/2017 -96.919284 45.067966 Seasonal 0.26 
WET113 11/30/2017 -96.893095 45.062257 Semipermanent 1.15 
WET114 5/22/2018 -96.854785 45.060206 Seasonal 0.12 
WET115 5/22/2018 -96.856464 45.060502 Permanent 3.62 
WET116 5/22/2018 -96.848556 45.052885 Seasonal 0.10 
WET117 5/22/2018 -96.849288 45.052362 Semipermanent 1.22 
WET118 5/23/2018 -96.964026 45.153332 Seasonal 0.70 
WET119 5/24/2018 -96.846792 45.087495 Permanent 7.57 
WET120 5/23/2018 -96.89741 45.082357 Permanent 4.03 
WET121 5/24/2018 -96.947827 45.023618 Gravel pit pond 4.91 
WET122 5/24/2018 -96.935786 45.008553 Seasonal 0.02 
WET123 11/30/2017 -96.838002 45.08091 Permanent 1.47 
WET124 6/6/2018 -96.859312 45.199715 Semipermanent 2.83 
WET125 6/6/2018 -96.849971 45.202047 Seasonal 0.71 
WET126 6/7/2018 -96.821051 45.140813 Seasonal 1.33 
WET127 6/5/2018 -96.873726 45.190691 Permanent 1.28 
WET128 6/7/2018 -96.809125 45.145744 Seasonal 0.60 
WET129 6/7/2018 -96.818212 45.141399 Permanent 2.61 
WET130 6/5/2018 -96.87185 45.189527 Permanent 0.28 
WET131 6/7/2018 -96.820859 45.139797 Seasonal 0.45 
WET132 6/7/2018 -96.810402 45.148058 Seasonal 0.31 
WET133 6/6/2018 -96.849352 45.201418 Seasonal 0.61 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET134 6/7/2018 -96.807704 45.146554 Semipermanent 1.42 
WET135 6/5/2018 -96.837985 45.06566 Permanent 23.81 
WET136 6/7/2018 -96.810541 45.187911 Seasonal 0.47 
WET137 6/6/2018 -96.85926 45.19811 Semipermanent 0.29 
WET138 6/7/2018 -96.808289 45.147985 Permanent 2.11 
WET139 6/7/2018 -96.919282 45.060396 Semipermanent 6.01 
WET140 6/7/2018 -96.908305 45.071535 Seasonal 0.40 
WET141 6/8/2018 -96.990859 45.08425 Permanent 4.18 
WET142 6/8/2018 -96.863146 45.143483 Seasonal 0.31 
WET143 6/8/2018 -96.829878 45.065471 Seasonal 0.25 
WET144 6/8/2018 -96.860115 45.143002 Permanent 3.05 
WET145 6/8/2018 -96.862324 45.144673 Permanent 3.04 
WET146 6/9/2018 -96.979719 45.06076 Seasonal 0.48 
WET147 6/9/2018 -96.967209 45.133434 Seasonal 1.69 
WET148 6/8/2018 -96.922393 45.069894 Seasonal 0.13 
WET149 6/9/2018 -96.896106 45.190721 Semipermanent 4.31 
WET150 6/9/2018 -96.882898 45.169199 Permanent 1.90 
WET151 6/10/2018 -96.911397 45.061498 Semipermanent 2.94 
WET152 6/12/2018 -96.814521 45.170148 Permanent 4.20 
WET153 6/12/2018 -96.814902 45.170926 Seasonal 0.17 
WET154 6/12/2018 -96.815086 45.172017 Semipermanent 1.67 
WET155 6/12/2018 -96.819713 45.169475 Seasonal 0.93 
WET156 6/12/2018 -96.817468 45.168085 Seasonal 0.93 
WET157 6/14/2018 -96.868244 45.19113 Permanent 0.17 
WET158 6/13/2018 -96.830742 45.167691 Semipermanent 0.45 
WET159 6/13/2018 -96.827458 45.167963 Semipermanent 0.88 
WET160 6/13/2018 -96.835285 45.166392 Seasonal 0.23 
WET161 6/13/2018 -96.827833 45.168844 Seasonal 0.02 
WET162 6/13/2018 -96.829908 45.167452 Semipermanent 0.12 
WET163 6/13/2018 -96.832491 45.167158 Permanent 0.85 
WET164 6/13/2018 -96.827669 45.166178 Seasonal 0.13 
WET165 6/13/2018 -96.835013 45.16588 Seasonal 0.15 
WET166 6/13/2018 -96.832338 45.166005 Seasonal 0.40 
WET167 6/13/2018 -96.834347 45.166662 Semipermanent 0.43 
WET168 6/14/2018 -96.878805 45.199609 Permanent 1.39 
WET169 6/14/2018 -96.882025 45.196768 Seasonal 1.13 
WET170 6/13/2018 -96.83311 45.167877 Semipermanent 0.08 
WET171 6/14/2018 -96.87838 45.200851 Seasonal 0.07 

Exhibit_DK-2 
Page 475 of 626

 
005417

ADMINISTRATIVE RECORD - Scan 3 - Page 58 of 88

- Page 591 -



Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET172 6/14/2018 -96.83577 45.155141 Semipermanent 2.28 
WET173 6/15/2018 -96.818127 45.127513 Seasonal 0.88 
WET174 6/14/2018 -96.831887 45.151083 Semipermanent 0.84 
WET175 6/15/2018 -96.826451 45.123254 Seasonal 0.69 
WET176 6/14/2018 -96.813957 45.054435 Permanent 10.50 
WET177 6/15/2018 -96.81908 45.084077 Semipermanent 1.50 
WET178 6/15/2018 -96.810843 45.120755 Semipermanent 0.38 
WET179 6/15/2018 -97.018616 45.081986 Semipermanent 1.36 
WET180 6/16/2018 -96.960746 45.01405 Seasonal 0.41 
WET181 6/20/2018 -96.998276 45.114158 Permanent 1.33 
WET182 6/21/2018 -96.970051 45.145289 Permanent 4.06 
WET183 6/20/2018 -96.981946 45.115589 Permanent 0.52 
WET184 6/21/2018 -96.983393 45.126341 Semipermanent 1.52 
WET185 6/21/2018 -96.98225 45.124421 Permanent 0.77 
WET186 6/20/2018 -96.982752 45.131812 Permanent 1.32 
WET187 6/21/2018 -96.946918 45.136417 Permanent 3.32 
WET188 6/20/2018 -96.973666 45.152861 Permanent 6.23 
WET189 6/21/2018 -96.830619 45.116149 Seasonal 1.85 
WET190 6/21/2018 -96.821232 45.11769 Permanent 2.71 
WET191 6/21/2018 -96.833854 45.136341 Semipermanent 0.08 
WET192 6/21/2018 -96.874503 45.176471 Permanent 0.44 
WET193 6/21/2018 -96.829044 45.117251 Permanent 2.08 
WET194 6/22/2018 -96.850866 45.169162 Permanent 3.05 
WET195 6/22/2018 -96.817321 45.183612 Semipermanent 1.24 
WET196 6/21/2018 -96.872665 45.177847 Seasonal 0.14 
WET197 6/22/2018 -96.991108 45.089953 Permanent 0.19 
WET198 6/21/2018 -96.832 45.117679 Permanent 0.48 
WET199 6/21/2018 -96.834725 45.13734 Permanent 0.82 
WET200 6/23/2018 -97.01238 45.089112 Seasonal 3.32 
WET201 6/23/2018 -97.03028 45.097807 Permanent 1.75 
WET202 6/23/2018 -96.96711 45.022023 Semipermanent 5.15 
WET203 6/23/2018 -96.867229 45.166271 Semipermanent 2.42 
WET204 6/23/2018 -96.870063 45.140919 Permanent 0.31 
WET205 6/23/2018 -96.968125 45.089225 Seasonal 0.81 
WET206 6/24/2018 -96.939297 45.03333 Permanent 1.68 
WET207 6/23/2018 -96.826506 45.073858 Semipermanent 0.31 
WET208 6/23/2018 -96.809527 45.04349 Permanent 1.95 
WET209 6/25/2018 -96.980381 45.047788 Permanent 7.86 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET210 6/26/2018 -96.981803 45.015495 Semipermanent 3.10 
WET211 6/26/2018 -96.999688 45.012531 Permanent 1.68 
WET212 6/25/2018 -96.908086 45.043445 Seasonal 1.85 
WET213 6/25/2018 -97.020339 45.073205 Permanent 4.41 
WET214 6/25/2018 -96.98697 45.026409 Permanent 1.87 
WET215 6/25/2018 -96.987837 45.024318 Permanent 0.23 
WET216 6/25/2018 -96.945938 45.042598 Seasonal 0.15 
WET217 6/25/2018 -96.94657 45.043212 Semipermanent 1.15 
WET218 6/25/2018 -96.947047 45.044392 Seasonal 0.14 
WET219 6/26/2018 -96.802511 45.045747 Permanent 0.42 
WET220 6/26/2018 -96.804502 45.045737 Permanent 2.63 
WET221 6/26/2018 -96.804048 45.047835 Permanent 0.72 
WET222 6/26/2018 -96.802976 45.047012 Permanent 0.69 
WET223 6/26/2018 -96.803512 45.046 Permanent 0.08 
WET224 7/12/2018 -96.971202 45.053217 Seasonal 0.14 
WET225 7/13/2018 -96.969309 45.015411 Seasonal 0.32 
WET226 7/13/2018 -96.968167 45.014955 Seasonal 0.40 
WET227 7/13/2018 -96.967989 45.015911 Seasonal 0.61 
WET228 7/24/2018 -96.849797 45.199737 Seasonal 0.04 
WET229 7/25/2018 -96.867606 45.168152 Seasonal 0.04 
WET231 7/26/2018 -96.802636 45.058941 Seasonal 2.93 
WET232 7/26/2018 -96.944849 45.13727 Seasonal 0.05 
WET233 7/26/2018 -96.985304 45.117119 Seasonal 0.00 
WET234 7/25/2018 -96.859789 45.061091 Seasonal 0.61 
WET235 8/2/2018 -96.864365 45.169045 Seasonal 0.19 
WET236 8/2/2018 -96.869096 45.168577 Semipermanent 3.87 
WET237 8/2/2018 -96.821879 45.116482 Seasonal 0.00 
WET238 8/2/2018 -96.865603 45.169443 Seasonal 0.11 
WET239 7/28/2018 -97.003294 45.084281 Seasonal 1.00 
WET240 8/2/2018 -96.822026 45.116538 Seasonal 0.01 
WET241 8/2/2018 -96.82202 45.116068 Seasonal 0.10 
WET242 7/28/2018 -97.000271 45.076378 Semipermanent 1.02 
WET243 8/1/2018 -96.82125 45.117019 Seasonal 0.15 
WET244 8/7/2018 -96.842623 45.09002 Seasonal 0.11 
WET245 8/7/2018 -96.842548 45.090231 Seasonal 0.01 
WET246 8/8/2018 -96.838364 45.051478 Permanent 0.51 
WET247 8/9/2018 -96.911724 45.063793 Semipermanent 0.17 
WET248 8/20/2018 -96.854473 45.06578 Seasonal 0.05 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET249 7/27/2017 -96.854696 45.066255 Seasonal 0.13 
WET250 7/25/2018 -96.858136 45.060258 Permanent 1.13 
WET251 8/24/2018 -96.84775 45.066527 Seasonal 0.09 
WET252 8/27/2018 -96.822094 45.07443 Permanent 0.47 
WET253 8/27/2018 -96.832258 45.089784 Permanent 1.41 
WET254 8/28/2018 -96.866322 45.169739 Permanent 1.01 
WET255 8/28/2018 -96.844959 45.198976 Permanent 0.15 
WET256 8/28/2018 -96.847842 45.199452 Permanent 0.00 
WET257 8/28/2018 -96.822048 45.154996 Permanent 0.21 
WET258 8/28/2018 -96.823115 45.157255 Permanent 1.01 
WET259 8/28/2018 -96.82213 45.15689 Permanent 0.38 
WET260 8/28/2018 -96.828584 45.136321 Permanent 0.34 
WET261 8/29/2018 -96.772781 45.087394 Permanent 0.26 
WET262 8/29/2018 -97.000001 45.078327 Permanent 0.08 
WET263 9/13/2018 -96.849602 45.070213 Permanent 2.74 
WET264 9/13/2018 -96.838676 45.089232 Permanent 3.41 
WET265 9/13/2018 -96.788665 45.082212 Semipermanent 1.11 
WET266 9/13/2018 -96.841375 45.090388 Permanent 0.74 
WET267 9/13/2018 -96.838912 45.090652 Permanent 0.80 
WET268 9/15/2018 -97.02299 45.006506 Seasonal 0.98 
WET269 9/14/2018 -96.825948 45.139236 Permanent 0.44 
WET270 9/14/2018 -96.856273 45.169064 Permanent 2.32 
WET271 9/14/2018 -96.897158 45.188607 Permanent 0.59 
WET272 9/14/2018 -96.897548 45.189341 Seasonal 0.18 
WET273 9/29/2018 -96.963872 45.162709 Seasonal 0.26 
WET274 10/1/2018 -96.844547 45.185813 Seasonal 0.01 
WET275 10/1/2018 -96.845356 45.185221 Seasonal 0.80 
WET276 10/1/2018 -96.844754 45.187548 Seasonal 0.34 
WET277 10/2/2018 -96.86432 45.179707 Seasonal 0.15 
WET278 10/2/2018 -96.835265 45.090408 Semipermanent 4.21 
WET279 10/2/2018 -96.833144 45.089946 Seasonal 0.01 
WET280 10/2/2018 -96.821995 45.07472 Seasonal 0.05 
WET281 10/3/2018 -96.983142 45.017467 Seasonal 0.14 
WET282 10/3/2018 -96.983933 45.018034 Seasonal 0.10 
WET283 10/3/2018 -96.791216 45.079355 Seasonal 0.17 
WET284 10/3/2018 -96.780939 45.081426 Semipermanent 0.13 
WET285 10/3/2018 -96.781433 45.081288 Semipermanent 0.08 
WET286 10/3/2018 -96.78102 45.078153 Semipermanent 0.11 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET287 10/3/2018 -96.781264 45.077849 Seasonal 0.06 
WET288 10/3/2018 -96.781134 45.077774 Seasonal 0.01 
WET289 10/3/2018 -96.8602 45.060741 Seasonal 0.01 
WET290 10/4/2018 -96.900301 45.188773 Seasonal 0.05 
WET291 10/4/2018 -96.900378 45.188227 Seasonal 0.02 
WET292 10/4/2018 -96.902629 45.187273 Semipermanent 0.30 
WET293 10/4/2018 -96.846807 45.077846 Semipermanent 0.55 
WET294 10/4/2018 -96.818059 45.157357 Semipermanent 0.59 
WET295 10/4/2018 -96.819923 45.156417 Seasonal 0.64 
WET296 10/9/2018 -96.864796 45.183974 Semipermanent 0.01 
WET297 10/9/2018 -96.864745 45.183026 Semipermanent 0.13 
WET298 10/11/2018 -96.803833 45.05715 Permanent 2.60 
WET299 10/11/2018 -96.801979 45.057196 Semipermanent 0.30 
WET300 10/11/2018 -96.805951 45.058936 Seasonal 1.87 
WET301 10/11/2018 -96.808354 45.189017 Seasonal 0.00 
WET302 10/11/2018 -96.808295 45.189055 Seasonal 0.01 
WET303 10/12/2018 -96.840928 45.077584 Seasonal 0.28 
WET304 10/12/2018 -96.842943 45.075106 Permanent 1.14 
WET305 10/12/2018 -96.833248 45.050249 Semipermanent 1.04 
WET306 10/13/2018 -97.020972 45.075211 Seasonal 0.60 
WET307 10/13/2018 -97.019539 45.074617 Seasonal 0.51 
WET308 10/14/2018 -96.967608 45.016832 Seasonal 0.07 
WET309 10/14/2018 -96.969192 45.017052 Seasonal 0.02 
WET310 10/18/2018 -96.860197 45.061505 Permanent 0.05 
WET311 10/18/2018 -96.816021 45.052344 Seasonal 0.01 
WET312 10/18/2018 -96.816017 45.051617 Permanent 0.07 
WET313 10/19/2018 -96.835532 45.052137 Permanent 1.10 
WET314 10/19/2018 -96.837256 45.051847 Permanent 0.51 
WET315 10/19/2018 -96.835926 45.051235 Permanent 1.24 
WET316 10/19/2018 -96.839195 45.052943 Seasonal 0.34 
WET317 10/19/2018 -96.838877 45.053484 Seasonal 0.14 
WET318 10/19/2018 -96.838468 45.054532 Seasonal 0.26 
WET319 10/22/2018 -96.77305 45.086932 Permanent 0.35 
WET320 10/23/2018 -96.873887 45.17873 Seasonal 0.55 
WET321 10/23/2018 -96.828958 45.135646 Permanent 0.16 
WET322 10/24/2018 -96.826244 45.121708 Permanent 0.86 
WET323 10/24/2018 -96.82298 45.119651 Permanent 0.37 
WET324 10/24/2018 -96.985732 45.117493 Semipermanent 0.18 
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WET325 10/30/2018 -96.94396 45.042299 Semipermanent 0.73 
WET326 10/30/2018 -96.967219 45.071306 Permanent 1.80 
WET327 10/30/2018 -96.858353 45.056437 Seasonal 0.08 
WET328 10/30/2018 -96.857261 45.055893 Seasonal 0.12 
WET329 10/30/2018 -96.856533 45.05572 Seasonal 0.60 
WET330 10/30/2018 -96.857789 45.056543 Seasonal 0.07 
WET331 10/30/2018 -96.853862 45.058655 Seasonal 0.09 
WET332 10/30/2018 -96.851709 45.060271 Seasonal 0.04 
WET333 10/30/2018 -96.848934 45.061907 Permanent 4.91 
WET334 10/30/2018 -96.847757 45.062374 Semipermanent 0.33 
WET335 11/1/2018 -96.814831 45.051502 Permanent 0.10 
WET336 11/1/2018 -96.84486 45.064191 Permanent 1.59 
WET337 11/1/2018 -96.8432 45.06233 Permanent 3.03 
WET338 11/1/2018 -96.849059 45.064469 Permanent 1.86 
WET339 11/1/2018 -96.812565 45.047928 Permanent 0.19 
WET340 11/2/2018 -96.837289 45.089676 Permanent 0.15 
WET341 11/2/2018 -96.815882 45.085332 Semipermanent 0.12 
WET342 11/2/2018 -96.809266 45.086731 Permanent 1.28 
WET343 11/2/2018 -96.806347 45.088806 Permanent 0.08 
WET344 11/2/2018 -96.778314 45.114095 Permanent 0.11 
WET345 11/2/2018 -96.776579 45.112572 Permanent 0.39 
WET346 11/2/2018 -96.828268 45.122035 Permanent 0.08 
WET347 11/5/2018 -96.864431 45.178632 Seasonal 0.17 
WET348 11/5/2018 -96.864722 45.178827 Seasonal 0.02 
WET349 11/5/2018 -96.866264 45.178613 Seasonal 0.09 
WET350 11/5/2018 -96.86734 45.178476 Seasonal 0.21 
WET351 11/5/2018 -96.868248 45.178209 Seasonal 0.07 
WET352 11/5/2018 -96.847703 45.17152 Seasonal 0.18 
WET353 11/5/2018 -96.843108 45.168989 Seasonal 0.03 
WET354 11/2/2018 -96.841438 45.07248 Seasonal 0.37 
WET355 11/2/2018 -96.793459 45.081531 Permanent 0.29 
WET356 11/2/2018 -96.775136 45.084667 Permanent 0.17 
WET357 11/6/2018 -97.028887 45.090508 Permanent 0.27 
WET358 11/6/2018 -96.833123 45.148177 Seasonal 0.07 
WET359 11/6/2018 -96.827752 45.146712 Semipermanent 0.33 
WET360 11/6/2018 -96.969113 45.083956 Seasonal 0.13 
WET361 11/7/2018 -96.970202 45.022166 Seasonal 0.07 
WET362 11/7/2018 -96.963565 45.025121 Seasonal 0.09 
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Feature ID Survey Date 
Location 

Description Acreage 

Longitude Latitude 

WET363 11/7/2018 -96.953166 45.029694 Semipermanent 0.25 
WET364 11/7/2018 -96.945029 45.033938 Seasonal 0.07 
WET365 11/7/2018 -96.936276 45.027302 Seasonal 0.03 
WET366 11/7/2018 -97.015505 45.08859 Permanent 0.12 
WET367 11/7/2018 -97.022723 45.083016 Permanent 0.95 
WET368 11/7/2018 -97.010684 45.029161 Permanent 0.25 
WET369 11/7/2018 -97.018633 45.008844 Permanent 0.21 
WET370 11/7/2018 -96.954225 45.020024 Permanent 5.10 
Total     433.1 

 

 Wetland Vegetation and Hydrology 

The majority of field assessed wetlands observed were dominated by emergent vegetation. Dominant 
emergent vegetation included broadleaf cattail (Typha latifolia), Baltic rush (Juncus balticus), common 
spike-rush (Eleocharis palustris), prairie cord grass (Spartina pectinata), softstem bulrush 
(Schoenoplectus tabernaemontani), Nebraska sedge (Carex nebrascensis), and several water 
smartweed species (Polygonum spp.). Other dominant species were Kentucky bluegrass (Poa pratensis) 
and timothy-grass (Phleum pratense). Seasonal wetlands were recorded in plowed agricultural fields 
where the presence of hydrophytic vegetation was not always apparent due to disturbance, but 
secondary indicators suggested that a wetland was present. The primary wetland hydrology indicators 
were saturation and the presence of surface water. Secondary indicators used for wetland hydrology 
assessment included geomorphic position, saturation visible on aerial imagery, and water marks. Some 
wetlands had algal mats and soil cracks. The survey areas feature wetlands classified as riverine and 
palustrine systems as defined by the Cowardin classification system. 

4.2.1.2 STREAMS 

SWCA biologists recorded 35 streams within the survey area that exhibited an OHWM at the time of the 
field visit. The streams were classified as 14 ephemeral streams, 10 intermittent streams, and 11 
perennial streams (Appendix A). The cumulative length for all field-assessed streams is 3.2 miles. Table 3 
provides additional detail for all field assessed streams in the survey areas.  

Table 3. Field Assessed Streams Determined in Survey Areas  

Feature ID Survey Date 

Location 

Description 

Length 
within 
Survey 

Area (miles) 
Longitude Latitude 

STR01 11/14/2017 -97.007375 45.073641 Ephemeral 0.04 
STR02 7/24/2018 -96.850958 45.199303 Perennial 0.23 
STR03 11/5/2018 -96.848889 45.14569 Perennial 0.02 
STR04 11/6/2018 -96.812593 45.120904 Perennial 0.02 
STR05 11/7/2018 -97.006623 45.028557 Perennial 0.02 
STR06 11/7/2018 -97.009597 45.007421 Perennial 0.02 
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Feature ID Survey Date 

Location 

Description 

Length 
within 
Survey 

Area (miles) 
Longitude Latitude 

STR07 7/26/2017 -96.772612 45.092763 Perennial 0.04 
STR08 8/18/2017 -96.950077 45.155573 Intermittent 0.14 
STR09 8/18/2017 -96.995238 45.133185 Ephemeral 0.09 
STR10 8/21/2017 -96.980676 45.126097 Perennial 0.03 
STR11 8/21/2017 -96.957739 45.132367 Ephemeral 0.04 
STR12 8/22/2017 -96.998122 45.111004 Intermittent 0.10 
STR13 5/23/2018 -96.963664 45.153464 Ephemeral 0.20 
STR14 5/24/2018 -96.844733 45.087296 Perennial 0.13 
STR15 6/21/2018 -96.830755 45.138646 Perennial 0.48 
STR16 6/25/2018 -96.978592 45.047729 Ephemeral 0.18 
STR17 6/25/2018 -96.978097 45.0479 Ephemeral 0.11 
STR18 7/26/2018 -96.804929 45.059324 Ephemeral 0.03 
STR19 7/29/2018 -96.958109 45.034692 Intermittent 0.07 
STR20 7/30/2018 -96.929883 45.048438 Ephemeral 0.21 
STR21 9/13/2018 -96.840373 45.089907 Ephemeral 0.14 
STR22 9/13/2018 -96.789767 45.080674 Ephemeral 0.10 
STR23 9/14/2018 -96.855662 45.16733 Intermittent 0.06 
STR24 9/14/2018 -96.854924 45.167727 Intermittent 0.05 
STR25 10/2/2018 -96.82805 45.136654 Intermittent 0.09 
STR26 10/16/2018 -96.830443 45.051442 Ephemeral 0.07 
STR27 10/18/2018 -96.816563 45.051819 Ephemeral 0.03 
STR28 10/22/2018 -96.771286 45.08726 Intermittent 0.08 
STR29 11/5/2018 -96.858605 45.144108 Ephemeral 0.02 
STR30 11/2/2018 -96.775123 45.084699 Perennial 0.03 
STR31 11/6/2018 -96.814699 45.123192 Ephemeral 0.02 
STR32 11/6/2018 -96.831595 45.147365 Intermittent 0.09 
STR33 11/6/2018 -96.827954 45.143474 Intermittent 0.05 
STR34 11/6/2018 -96.825426 45.144216 Intermittent 0.04 
STR35 11/6/2018 -96.984348 45.06259 Perennial 0.15 
Total:     3.2 

 

5 CONCLUSIONS 

SWCA completed an aquatic resources desktop assessment and field investigation for the Crowned 
Ridge I Wind facility. Biologists determined the presence of 369 wetlands and 35 streams within the 
survey areas. The results provided in this report represent SWCA’s professional opinion based on 
SWCA’s knowledge and experience with the USACE, including the USACE’s regulatory guidance 
documents and manuals. Crowned Ridge I plans to use this information to avoid impacts to wetlands and 
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streams to the extent feasible. Any impacts to potentially jurisdictional streams or wetlands that cannot be 
avoided will be minimized and kept under the thresholds required to comply with Nationwide Permits 12 
and 14.  
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Representative Photographs
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Figure 1. Seasonal wetland recorded on August 18, 2017. Photograph 
taken looking north. 

Figure 2. Seasonal wetland recorded on August 22, 2017. Photograph taken 
looking south. 
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Figure 3. Seasonal wetland recorded on May 24, 2018. Photograph taken 
looking east. 

 
Figure 4. Semipermanent wetland recorded on August 21, 2017. Photograph 
taken looking north. 
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Figure 5. Semipermanent wetland recorded on August 18, 2017. Photograph taken 
looking east. 

 
Figure 6. Semipermanent wetland recorded on May 22, 2018. Photograph taken 
looking south. 
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Figure 7. Permanent wetland recorded on August 27, 2017. Photograph taken 
looking west. 

 
Figure 8. Permanent wetland recorded on August 23, 2017. Photograph taken 
looking northwest. 
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Figure 9. Ephemeral stream recorded on November 11, 2017. Photograph taken 
looking south. 

 
Figure 10. Perennial stream recorded on July 27, 2018. Photograph taken looking 
east. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 
) 
) 

EL19-003 

APPLICANT'S RESPONSES TO 
STAFF'S THIRD SET OF DATA 

REQUESTS TO CROWNED 
RIDGE WIND, LLC 

Attached, please find Applicant's Responses to Staff's Third Set of Data Requests 

to Crowned Ridge Wind, LLC ("Crowned Ridge" or "Company"). 
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3-1) Refer to the response to data request 2-41. Provide an update on the status of obtaining the 

remaining 1 % of easements. If the remaining easements have not been obtained provide an 

esti:mate on when the remaining easements will be obtained. 

Response: 
Crowned Ridge Wind is continuing to work to obtain the remaining 1 % of easements. 

The Applicant anticipates that all property rights necessary for the Project will be 

obtained by May 17, 2019. 

Respondent: Tyler Wilhelm, Project Manager 

3-2) Please provide a copy of the safety manual and operations manual for the GE 2.3-116 

turbines that will be used for the project. 

Response: 

See Confidential Attachment 1. 

Respondent: Mark Thompson, Manager of Wind Engineering 

3-3) Referring to Crowned Ridge's response to data request 1-5 and Attachment 3-3 provided 

herein, please provide the following: 

1. A sound study that provides the expected noise level at receptors (both participating and non

participating) that includes both Dakota Range I & II turbine locations and Crowned Ridge I 

turbine locations. Include in the study an analysis demonstrating compliance with county noise 

limits. 

2. A shadow flicker study that provides the expected shadow flicker levels at receptors (both 

participating and non-participating) that includes both Dakota Range I&II turbine locations and 

Crowned Ridge I turbine locations. Include in the study an analysis demonstrating compliance 

with county shadow flicker limits, if any. 

Response: The Sound Study, "Appendix H, Sound Level Modeling Report", submitted 

to the PUC on 1/30/19, along with the updated Appendices included in "Crowned Ridge, 

LLC's Letter Regarding Updated Appendices A through D fo r Appendix H", submitted 

2/27/2019 demonstrate compliance with the county's noise limits. The updated 

appendices include the cumulative effects from both Crowned Ridge projects as well as 

the Dakota Range project. All receptors are below the required noise limits. 

The Shadow Flicker Study, "Appendix I, Shadow Flicker Modeling Report", submitted 

to the PUC on 1/30/19, along with the updated Appendices included in "Crowned Ridge, 

LLC's Letter Regarding Updated Appendices A through D for Appendix I' , submitted 

2/27/2019 demonstrate compliance with the county's shadow flicker limits. The updated 
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appendices include the cumulative effects from both Crowned Ridge projects as well as 
the Dakota Range project. All receptors are below the required shadow flicker limits with 
the exception of receptor CR1-C61-NP, which has a significant shadow flicker 
contribution from a Dakota Range wind turbine. 

Respondent: Jay Haley, Wind Engineer 

3-4) Referring to Crowned Ridge's response to data request 1-5, please explain how Crowned 
Ridge intends to meet or exceed Codington County's shadow flicker limit of 30 hours per year 
for receptor CR1-C61-NP. 

Response: Crowned Ridge Wind will consider multiple mitigation options moving 
forward to ensure that that the shadow flicker levels for receptor CR1-C61-NP comply 
with Codington County's shadow flicker limit of 30 hours per year. Crowned Ridge Wind 
will communicate with the landowner living in CR1-C61-NP to understand if the 
landowner would be amenable to a setback waiver or to the Applicant planting trees ( or 
other means to blocking shadow flicker) to alleviate impacts over 30 hours per year. In 
the event the landowner is not agreeable to a setback waiver or to the Applicant planting 
trees to alleviate potential impacts, the Applicant will utilize one of the Project's alternate 
turbine locations in place of this proposed location. 

Respondent: Tyler Wilhelm, Project Manager 

3-5) Provide a map that shows the proposed turbines within 2 miles from the residence of the 
following individuals. Please provide a map similar to Page 88 of 156 of Staff Exhibit_JT-1 in 
Docket EL18-003 for Ms. Teresa Kaaz 
(http://puc.sd.gov/commission/dockets/electric/2018/ELI 8-003/exhibits/staff/s 1.pdf). 

a) Mr. Allen Robish; 
b) Ms. Amber Christenson; 
c) Ms. Kristi Mogen; 
d) Ms. Melissa Lynch; and 
e) Mr. Patrick Lynch. 

Response: See Attachment 1 to 3-5. 

Respondent: Tyler Wilhelm, Project Manager 

3-6) Provide the predicted sound levels from the Project and the estimated annual frequency of 
shadow flicker associated with the operation of the Project wind turbines at the intervenor 
residences below. In addition, provide the distance from the closest wind turbine to each 
residence. 
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a) Mr. Allen Robish; 

b) Ms. Amber Christenson; 

c) Ms. Kristi Magen; 

d) Ms. Melissa Lynch; and 

e) Mr. Patrick Lynch; 

Response: 

a) Mr. Allen Robish; CR1-G70-NP: 42.1 dBA, 12:04 hr/yr, 1,955 ft 

b) Ms. Amber Christenson; CR1-C29-NP: 41.4 dBA, 6:54 hr/yr, 2,457 ft 

c) Ms. Kristi Magen; No Receptor#: 28.6 dBA, 0:00 hr/yr, 13,166 ft 

d) Ms. Melissa Lynch; and 

e) Mr. Patrick Lynch. CR1-C27-NP: 40.0 dBA, 6:58 hr/yr, 2,549 ft 

Respondent: Jay Haley, Wind Engineer for sound and shadow/flicker, and Tyler 
Wilhelm for the distance of the nearest turbine. 

3-7) Please identify all non-participating residences within¾ miles from a proposed turbine. For 
each residence identified, provide the name of the property owner, distance from closest turbine, 
and receptor identifier in the shadow flicker and noise studies. 

Response: See table below. 

Distance 

to Nearest 
Turbine 

Rece tor# First Name Last Name ft Turbine# 
CR1-C14-NP BRADFORD J. & CHERI M. HOWELL 1,880 CRI-95 
CR1-C16-NP PAUL JOHNSON 2,736 CRI-Alt22 
CR1-C27-NP DOLORES MEIS 2,549 CRI-79 
CR1-C28-NP SUSAN MARTIN 2,831 CRI-68 
CR1-C29-NP A CHRISTENSON 2,457 CRI-67 
CR1-C31-NP DAVID STRANGETUX 2,126 CRI-67 
CR1-C32-NP ROGER MOHRETUX 3,714 CRI-79 
CR1-C34-NP MARK ULLERICH ETUX 1,726 CRI-60 

ZEMLICKA, SHIRLEY & 
CR1-C38-NP RODNEY TRUSTEES 3,474 CRI-53 
CR1-C39-NP LEONC ZEMLICKA 2,605 CRI-53 
CR1-C3-NP RODNEY HANSEN 3,294 CRI-98 
CR1-C40-NP ALLEN GRIEPP 2,690 CRI-Alt45 
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CR1-C41-NP ROBERT J WELDER 2,359 CRI-44 
CR1-C44-NP LEWIS W & PATRICIA A TR RADERSCHADT 2,155 CRl-37 
CR1-C52-NP VINCENT KELLEN 1,883 CRI-19 

SCHROEDER 
CR1-C60-NP JEFFREY ETUX 2,592 CRI-16 
CR1-C61-NP D BOOZE 1,686 CRI-16 
CR1-C62-NP MARKS & NANCY F LUECK 1,676 CRI-21 
CR1-C63-NP MILTON E & ALICER CARLSON 2,408 CRI-21 
CR1-C65-NP BRANDON L. & LAURIE A. JOHNSON 3,884 CRI-26 
CR1-C70-NP BEVERLY CARPENTER 3,540 CRI-75 
CR1-C71-NP BEVERLY CARPENTER 3,448 CRI-75 
CR1-C72-NP BEVERLY CARPENTER 3,776 CRI-75 
CR1-C105-NP NANCY ADAIR 2,549 DR-A25 * 
CR1-Cl05-NP NANCY ADAIR 3,743 CRI-5 
CRl-Cl 10-NP JOHN IRISH 2,910 DR-70 * 
CRl-Cl 10-NP JOHN IRISH 3,448 CRI-19 
CRl-Cl 11-NP TONY & ALICIA HUFFMAN 3,678 CRI-19 
CR1-Gl3-NP TIMOTHYDJR NOWICK 3,576 CRI-99 
CR1-Gl49-NP SCHLEUSNER DAIRY 2,815 CRI-Alt7 
CR1-Gl4-NP ROBERT A TUTTLE 3,940 CRI-100 
CR1-G16-NP MICHAEL D & SUSAN MULHOLLAND 2,070 CRI-100 
CR1-G23-NP LANEPARKER JOHNSON 2,185 CRI-109 
CR1-G26-NP JOHN L & SUSAN E FOX 3,140 CRI-115 
CR1-G34-NP PAUL D & NORWEST PETERSON 2,238 CRI-120 
CR1-G42-NP KEVIN OWEN 3,819 CRI-121 
CR1-G43-NP CHAD&SUSAN WISNEWSKI 1,909 CRI-3 
CR1-G44-NP STEPHENV KOWALSKI 3,123 CRI-3 
CR1-G68-NP CLAYTON & SUSAN SPANGENBERG 2,113 CRI-114 
CR1-G108-NP MICHAEL J JR. WOLLMAN 3,586 CRI-126 
CRl-G 109-NP KARLAETAL RAMOS 2,152 CRI-129 
CRl-Gl 13-NP ARLO FISH 2,746 CRI-Altl2 
CRl-Gl 14-NP JTHTRUST 2,205 CRI-Altl2 
CRl-Gl 15-NP KELLY FAETH 2,188 CRI-Alt16 

* Dakota Range turbine 

Respondents: Jay Haley, Wind Engineer for the receptor identifier in the shadow flicker 
and noise studies, and Tyler Wilhelm for identify all non-participating residences within 
¾ miles from a proposed turbine and the distance of the nearest turbine. 

3-8) Referring to Crowned Ridge's response to data request 2-18, the SD PUC has ordered two 
years of post-construction avian and bat mortality monitoring for other wind projects recently 
permitted. As such, would Crowned Ridge agree to the permit condition below if a permit is 
issued by the Commission? If not, explain why Crowned Ridge is not open to this condition. 
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Applicant agrees to undertake two years of independently-conducted post-construction avian and 
bat mortality monitoring for the Project, and to provide a copy of the report to the USFWS, SD 
GF&P, and the Commission. Based on the results of the monitoring, the need for and scope of an 
additional year of independently-conducted post-construction avian mortality monitoring will be 
determined in coordination with USFWS and SD GF &P. 

Response: Applicant agrees to undertake two years of independently-conducted post
construction avian and bat mortality monitoring for the Project, and to provide a copy of 
the report to the United States Fish & Wildlife Service (USFWS), the South Dakota 
Game, Fish, and Parks (SD GF&P), and the Commission. The Applicant proposes to 
consider a third year of monitoring if results of the first two indicate results exceed other 
publicly available studies in the region in comparable habitats in coordination with the 
USFWS and SD GF &P. The Applicant believes it is important to clearly articulate the 
objective and rationale for a third year of post-construction mortality monitoring. In this 
case, the purpose of the first two years is to confirm the site is low risk compared to 
publicly available data in the region and in comparable habitats. If the site is not low risk, 
then the Applicant agrees to consider a third year of post-construction mortality 
monitoring in coordination with the wildlife agencies, unless another course of action or 
remedy is identified and can be addressed. 

Respondent: Sarah Baer, Consultant and Sam Massey, Director of Renewable 
Development 

3-9) Referring to Crowned Ridge's Response to data request 2-34, would the company agree to 
the decommissioning financial assurance permit condition provided below if a permit is issued 
by the Commission? If not, please explain why. 

At least 60 days prior to commencement of commercial operation, Applicant shall file an escrow 
agreement with the Commission for Commission approval that provides a decommissioning 
escrow account. The escrow agreement shall incorporate the following requirements: 

a) The escrow account is funded by the turbine owner annually at a rate of $5,000 per turbine per 
year for the first 30 years, commencing no later than the commercial operation date. 
b) Beginning in year ten following commercial operation of the project and each fifth year 
thereafter, the turbine owner shall submit to the Commission an estimated decommissioning 
date, if established, and estimated decommissioning costs and salvage values. Based on the 
verification of the information in the filing the Commission may require additional funding equal 
to the estimated amount needed for decommissioning. 
c) All revenues earned by the account shall remain in the account. 
d) An account statement shall be provided annually to the Commission and become a public 
record in this docket. 
e) The escrow account obligations will be those of Crowned Ridge I and the escrow agreement 
shall include terms providing that the agreement binds Crowned Ridge I's successors, 

 
005504

ADMINISTRATIVE RECORD - Scan 4 - Page 57 of 114

- Page 678 -



Exhibit_DK-2 
Page 563 of 626

transferees, and assigns. A sale of project assets shall include the associated Permit that requires 
Commission approval per SDCL § 49-41B-29. 
f) The escrow account agent shall have an office located in South Dakota. 
g) The escrow agreement shall be subject to the laws of South Dakota and any disputes regarding 
the agreement shall be venued in South Dakota. 
h) To minimize the risk that the escrow account would be subject to foreclosure, lien, judgment, 
or bankruptcy, the escrow agreement will be structured to reflect the follow factors: 
1) That Crowned Ridge I agreed to the creation of the escrow account; 
2) Crowned Ridge I exercises no ( or the least amount possible of) control over the escrow; 
3) The initial source of the escrow; 
4) The nature of the funds put into the escrow; 
5) The recipient of its remainder (if any); 
6) The target of all its benefit; and 
7) The purpose and its creation. 
i) Account funds are to be paid to the project owner at the time of decommissioning, to be paid 
out as decommissioning costs are incurred and paid. 
j) If the project owner fails to execute the decommissioning requirement found in section XX of 
the Conditions, the account is payable to the landowner who owns the land on which associated 
project facilities are located as the landowner incurs and pays decommissioning costs. 

Response: Crowned Ridge Wind is willing to agree to the above condition, with the 
edits below to the first paragraph of the condition: 

At least 60 30 days prior to commencement of commercial operation, Applicant shall file 
an escrow agreement with the Commission for Commission approval that provides a 
decommissioning escrow account or provide proof that an escrow meeting these 
requirements has been established pursuant to applicable county requirements. 

Respondent: Tyler Wilhelm, Project Manager 

3-10) Please provide Figures 2, 9a, 9b, 10, 11, 12, and 13 that also include the proposed layout of 
the turbines, access roads, and collector lines. 

Response: See Attachment 1 to 3-10. 

Respondent: Sarah Baer, Consultant 
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3-11) Referring to page 1 of Appendix H attached to the original application, please confirm that 
Crowned Ridge will use Low Noise Trailing Edge Blades as was modeled. 

Response: Confirmed. 

Respondent: Tyler Wilhelm, Project Manager 

3-12) Referring to page 77 of the Application, please provide how Crowned Ridge interprets 
"including constructive interference" in the Grant County noise limit. Further, was constructive 
interference accounted for in the sound study? If so, please explain how the study accounted for 
it. If not, please explain how the modeling demonstrates the project will comply with the county 
noise limit once operational. 

Response: Crowned Ridge Wind believes the county intended "including constructive 
interference" to mean that the cumulative and additive noise impacts from all turbines at a 
receptor should be calculated and included in the results of the study. 

In the case of the Crowned Ridge Wind project, all wind turbines were assumed to be 
operating simultaneously at maximum sound emission levels, and downwind of each 
receptor. The wind turbine sound emissions were conservatively increased by 2 dBA and 
then combined to get the cumulative results. More specifically, constructive interference 
occurs when two or more coherent sound sources are present. In order to be coherent, the 
sources must have exactly the same frequency and must also be in phase with one another. 
This implies that the sound being emitted is a pure tone and of a single narrow band 
frequency. The Crowned Ridge Wind turbines do not emit pure tones, but, rather, sound 
over a broad range of frequencies. It is extremely unlikely, if not impossible, for there to 
be multiple sources of wind turbine pure tones or other tonal sound sources that are 
exactly the same frequency and in phase with one another at the same time, so the addition 
of coherent sound sources and constructive interference is not considered in the analysis. 
This would require the use of a certain mathematical method for combining the 
cumulative sound pressure levels from the multiple sources, which is not applicable in this 
case. 

In the analysis for the Crowned Ridge project, the multiple sound sources are combined as 
incoherent sources, meaning that the sources are not exactly the same, not pure tones, and 
are out of phase with one another so there is no constructive interference. This requires 
using a method for combining the sound pressure levels from the multiple sources that is 
different than that used for combining coherent sources. Combining as incoherent sources 
is the standard approach used for environmental noise studies. 

In the case of the rowned Ridge Wind project, all turbines were assumed to be operating 
simultaneously at maximum sound emission levels, and downwind of each receptor. The 
wind turbine sound emissions were also conservatively increased by 2 dBA and then 
combined to get the cumulative results. 

The results of the study indicate that all occupied structures in both Grant and Codington 
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Counties are below the required sound pressure levels. Additionally, the sound pressure 
levels at all non-participating property boundaries are below the required limits for 
occupied land parcels in Codington County. 

Respondent: Jay Haley, Wind Engineer 
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Figure 9b. Geology Cross Sections
*Vertical axis in feet above sea level; Horizontal axis in miles
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Figure 10. Bedrock Geology
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Figure 11. Soil Types

MUSYM (Soil Type)
BeF (Buse-Forman loams, 25-40% slopes)

BfD (Buse-Forman-Aastad loams, 4-15% slopes)

Fa (Flom Clay loam)

FdB (Forman-Aastad loams, 1-6% slopes)

FdC (Forman-Aastad loams, 3-9% slopes)

FdD (Forman-Aastad loams, 4-15% slopes)

FgC (Forman-Buse loams, 6-9% slopes)

FgE (Forman-Buse loams, 15-25% slopes)

FhE
(Forman-Buse extremely 
stony loams, 9-40% slopes)

HaD (Hattie clay loam, 9 to 15% slopes)

HaE (Hattie clay loam, 15 to 40% slopes)

J119E (Buse-Sioux complex, 9 to 40% slopes)

J136A
(Great Bend-Beotia silt loams, 
0 to 2% slopes)

J225B (Forman-Aastad complex)

Lb (LaDelle silt loam, channeled)

Lc (Ludden silty clay)

M-W Miscellaneous Water

Pa (Parnell silty clay loam)

Pb (Southam silty clay loam, 0 to 1% slopes)

PcA (Peever clay loam, coteau, 0 to 2% slopes)

PcB (Peever clay loam, coteau, 2 to 6% slopes)

PcC (Peever clay loam,  6 to 9% slopes)

PeB (Peever clay loam, 2  to 6% slopes)

Ph (Playmoor silty clay loam)

Ta (Tonka silty clay loam, 0 to 1% slopes)

Vb (Vallers-Parnell complex)

W (Water)

Z101A (Tonka silty clay loam, 0 to 1% slopes)

Z102A
(Badger-Tonka silty clay loam, 
0 to 1% slopes)

Z105A
(Oldham silty clay loam, coteau,
0 to 1% slopes)

Z106A (Southam silty clay loam, 0 to 1% slopes)

Z107A
(Parnell silty clay loam, 
coteau, 0 to 1% slopes)

Z110A (Vallers loam, coteau, 0 to 1% slopes)

Z112A
(Vallers-Hamerly loams,
coteau, 0 to 2% slopes)

Z113A
(Vallers-Parnell complex, 
coteau, 0 to 2% slopes)

Z114A
(Hamerly-Tonka complex,
coteau, 0 to 2% slopes)

Z115A
(Hamerly-Badger complex, 
coteau, 0 to 2% slopes)

Z116A
(McKranz-Hidwood, frequently flooded,
silty clay loams, 0 to 2% slopes)

Z117A
(McKranz-Badger silty clay loams, 
0 to 2% slopes)

Z119A
(Hamerly-Balaton loams, coteau,
0 to 3% slopes)

Z128B (Hetland silty clay loam, 2 to 6% slopes)

Z131A
(Forman-Aastad loams,
coteau, 0 to 2% slopes)

Z131B
(Forman-Aastad loams,
coteau, 1 to 6% slopes)

Z132B
(Forman-Buse-Aastad loams,
coteau, 1 to 6% slopes)

Z132C
(Forman-Buse-Aastad loams,
coteau, 2 to 9% slopes)

Z132D
(Forman-Buse-Aastad loams,
coteau, 2 to 15% slopes)

Z135D
(Forman-Buse loams, 
very stony, 2 to 15% slopes)

Z136F
(Buse-Langhei complex, 
very stony, 9 to 40% slopes)

Z137F
(Buse-Forman loams, 
very stony, 15 to 40% slopes)

Z140F
(Buse-Langhei complex, 
coteau, 15 to 40% slopes)

Z141A
(Barnes-Svea loams,
coteau, 0 to 2% slopes)

Z141B
(Barnes-Svea loams,
coteau, 1 to 6% slopes)

Z142B
(Barnes-Buse-Svea loams, 
coteau, 1 to 6% slopes)

Z142C
(Barnes-Buse-Svea loams, 
coteau, 2 to 9% slopes)

Z143C
(Barnes-Buse loams,
coteau, 6 to 9% slopes)

Z144E
(Buse-Barnes loams,
coteau, 9 to 20% slopes)

Z145D
(Buse-Barnes loams, coteau,
very stony, 2 to 15% slopes)

Z145F
(Buse-Barnes loams, coteau,
very stony, 9 to 40% slopes)

Z146F
(Buse-Lamoure, channeled, frequently
 flooded, complex, 0 to 40% slopes)

Z148F
(Buse very stony-Lamoure, channeled, 
frequently flooded, complex, 0 to 40% slopes)

Z149F
(Buse-Langhei, very stony-La Prairie, 
channeled, occasionally flooded, complex, 
0 to 60% slopes)

Z150A
(Rauville silty clay loam, coteau,
 frequently flooded, 0 to 1% slopes)

Z152A
(Lamoure silty clay loam, coteau, 
occasionally flooded, 0 to 1% slopes)

Z153A
(Lamoure-Rauville silty clay loams, channeled, 
frequently flooded, 0 to 2% slopes)

Z157A
(Fairdale loam, channeled,
frequently flooded, 0 to 2% slopes)

Z158A
(Marysland loam, occasionally flooded,
0 to 1% slopes)

Z159A
(Divide loam, 
occasionally flooded, 0 to 2% slopes)

Z160A
(Moritz, occasionally flooded-Lamoure, 
frequently flooded, complex, 0 to 2 % slopes)

Z161A
(Spottswood loam, 
occasionally flooded, 0 to 2% slopes)

Z162A
(La Prairie loam, coteau, 
occasionally flooded, 0 to 2% slopes)

Z166A (Fordtown loam, rarely flooded, 0 to 2% slopes)

Z167A
(Renwash loam, rarely flooded,
0 to 2% slopes)

Z171A
(Renshaw-Fordville loams, coteau,
0 to 2% slopes)

Z171B
(Renshaw-Fordville loams, coteau,
2 to 6% slopes)

Z172A
(Renshaw loam, coteau,
0 to 2% slopes)

Z172B
(Renshaw loam, coteau,
2 to 6% slopes)

Z173B
(Renshaw-Sioux complex, coteau,
2 to 6% slopes)

Z173C
(Renshaw-Sioux complex, coteau,
6 to 9% slopes)

Z174D
(Sioux-Renshaw complex, coteau,
9 to 15% slopes)

Z174F
(Sioux-Renshaw complex, coteau,
15 to 40% slopes)

Z175D
(Renshaw-Sioux complex, very stony,
2 to 15% slopes)

Z176C
(Arvilla-Sandberg sandy loams, 
coteau, 6 to 9% slopes)

Z177 (Udorthents, coteau (gravel pits))

Z178A (Rentill loam, coteau, 0 to 2% slopes)

Z179F
(Sioux-Renshaw complex,
very stony, 15 to 40% slopes)

Z184E (Maddock loamy fine sand, 9 to 25% slopes)

Z185A
(Egeland-Embden complex,
coteau, 0 to 2% slopes)

Z185B
(Egeland-Embden complex,
coteau, 2 to 6% slopes)

Z186B
(Maddock-Egeland sandy 
loams, coteau, 2 to 6% slopes)

Z186C
(Maddock-Egeland sandy 
loams, coteau, 6 to 9% slopes)

Z190A (Brookings silty clay loam, 0 to 2% slopes)

Z192A (Vienna-Brookings complex, coteau, 0 to 2% slopes)

Z192B (Vienna-Brookings complex, coteau, 1 to 6% slopes)

Z193C (Vienna-Buse complex, coteau, 6 to 9% slopes)

Z194A (Barnes clay loam, coteau, 0 to 2% slopes)

Z194B (Barnes clay loam, coteau, 2 to 6% slopes)

Z198A (Vienna-Forestville loams, coteau, 0 to 2% slopes)

Z199B (Vienna-Barnes-Forestville loams, 1 to 6% slopes)

Z205B
(Mauvais clay loam, occasionally ponded,
 extremely stony, 2 to 6% slopes)

Z217A (McKranz silty clay loam, 0 to 2% slopes)

Z250A
(Rauville mucky silty clay loam, ponded,
 frequently flooded, 0 to 1% slopes)

Z252A
(Hidewood silty clay loam,
frequently flooded, 0 to 2% slopes)
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 
) 
) 

EL19-003 

APPLICANT'S RESPONSES TO 
STAFF'S FOURTH SET OF 

DATA REQUESTS TO 
CROWNED RIDGE WIND, LLC 

Attached, please find Applicant's Responses to Staffs Fourth Set of Data 

Requests to Crowned Ridge Wind, LLC ("Crowned Ridge" or "Company"). 
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4-1) Referring to Crowned Ridge's response to Staff data request 3-3, please provide 

the following: 

i) An explanation as to why section 3 of the Sound Study (Appendix H to the 

Application) did not identify that Dakota Range I&II was included in the 

noise model, 

Response: The Sound Study filed with the Application did not include the 

effects from the Dakota Range I & II wind project, as the Study focused on 

the sound resulting for the proposed Crowned Ridge Wind project. 

Subsequently, the effects of the Dakota Range I and II project were set forth 

on page 4 of Haley's Supplemental testimony. 

ii) An explanation as to why the sound pressure contours in Appendix D of the 

Sound Study do not appear to factor in the noise levels of the Dakota Range I 

& II wind turbines; and 

Response: The sound pressure contours in Appendix D submitted with the 

Application only showed the effects of the proposed Crowned Ridge Wind 

project, as it focused on the effect from the proposed project. The results 

tables in the Sounds Study, however, did include the effects of all Dakota 

Range I and II and Crowned Ridge Wind II wind turbines. 

iii) Provide updated Standard Resolution Sound Maps as found in Appendix D of 

the Sound Study that includes on the map the Dakota Range I & II wind 

turbines that influence sound levels for receptors studied in the Crowned 

Ridge Project. 

Response: Attached are updated maps that include rge iso-lines for both 

Dakota Range Wind I and II and Crowned Ridge Wind II turbines within 2 

kilometers of Crowned Ridge Wind receptors. 

Respondent: Jay Haley, Wind Engineer 
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Staff’s First Data Request to Intervenors- Response 

Staff, please be advised of the following: 
● We have just hired attorney, David Ganje. Mr. Ganje only had his first phone

conversation with us on Sunday April 14th, therefore he is still reviewing the
application and papers.  He is not finished reviewing.  He will advise us on
requests and data as soon as possible.  We do not want to ignore your requests and
are not trying to be disrespectful.  He will advise us as soon as possible and we
will supplement or correct this Reply if we should.  Thank you.

● We as intervenors have been working together.  Therefore, our responses to your
first data request to the intervenors will be similar, and some responses identical.

1-1)           Provide copies of all data requests submitted to or by you and copies of all 
responses provided to those data requests. Provide this information to date and on an 
ongoing basis. 

Response:  
(Melissa and Patrick)  No data requests have been submitted or received. 
(Kristi, Amber and Allen)  Copies are attached.  Please be advised that although the 
intervenors have sent a letter asking the applicant to respond to all data requests of the 
intervenors, data requests still remain unanswered, and we have not accessed the  

1-2)           Refer to SDCL 49-41B-22. 

a. Please specify particular aspect/s of the applicant's burden that you intend
to personally testify on.

Response:  
(Allen)  One item that I intend to personally testify regarding Health and Safety of the 
citizens.  
(Melissa, Amber, Kristi and Patrick)  I am unsure what I intend to personally testify on at 
this time as the application is incomplete and full of misrepresentation.  What I intend to 
testify on will become more clear as we continue to review all of the information 
provided by the applicant. 

b. Please specify particular aspect/s of the applicant's burden of proof that
you intend to call a witness to testify on.
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Response:  There are several aspects of the applicant’s burden of proof that we intend to 
call a witness to testify on.  This will become more clear once we are able to fully review 
all of the information that has recently been provided by the applicant after they were 
granted the extension on the Procedural Schedule.  At this time, we believe the aspects 
that we may call witnesses to testify on  may include, but is not limited to: property 
rights, geology, hydrology, health and safety, economics, real estate values, local law 
compliance, environmental impacts (including wildlife) and business ownership. 

 
 

1-3)           Refer to SDCL 49-41B-25.  Identify any “terms, conditions, or modifications 
of the construction, operation, or maintenance” that you would recommend the 
Commission order.  Please provide support and explanation for any recommendations. 

a. Specifically, what mitigation efforts would you like to see taken if this Project is 
constructed. 

  
Response:  We the intervenors will understand this further as we come up to speed fully 
on the application and all of the supplemental information that has been submitted.  We 
intend to support our recommendations with testimony and exhibits at the Evidentiary 
Hearing. At this time, we anticipate recommending, but not limited, to the following: 

● 2 mile setback from all non-participating landowners.  A waiver of this setback 
may be allowed, given the landowner and the applicant agree to the terms, and the 
full terms and agreement are reviewed by the PUC and approved.  Citizens that 
are not participating with the project should not have to be exposed to the effects 
of the project.  Although 2 miles will not prevent exposure from the project, it 
will create a more tolerable situation. 

● 2 mile setback from the Waverly School.  This will ensure children are protected 
from the disturbances of the project while in their learning environment. 

● Increased setback from all public right-of-ways to a distance greater than:  1.5 * 
(the diameter of the blades plus the height of the turbine).  This is the distance 
outlined in the GE technical document number GER4262, titled “Ice Shedding 
and Ice Throw-Risk and Mitigation”.  

● Limit construction, including traffic, to the hours of 7 am - 7 pm so that disruption 
to our home lives is reasonably limited. 

● Notification of work areas, heavy road usage, road closures/anticipated 
congestion, noise, dust/particulate warnings, for residents posted online daily, also 
in local elevators so that citizens who live and work in the area can be informed 
about the disruption to their lives and take any steps possible to mitigate. 

Exhibit_DK-3 
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● Preconstruction noise, to include infrasound, analysis of non-participating 
properties, outside and inside the principle structure.  Analysis to be conducted by 
a third party chosen and reported directly to the PUC. 

● Noise monitoring, to include infrasound, during construction, operation, 
maintenance, decommissioning to record the applicant is in compliance. 
Monitoring to be completed by a third party selected and reported directly to the 
PUC.  

● Air quality monitoring during construction and the months of May through 
October after construction is complete, throughout the life of the project. 

● Require airplane detection system lighting be used immediately upon operation. 
Unnecessary lighting emits light pollution and further ruins our viewshed. 

● Submit and follow a 3 year grassland reclamation plan for any pasture, grass 
and/or native undisturbed land that is disturbed during the construction of this 
project.  The Coteau Prairie is an important aspect to the Earth’s overall 
ecosystem, part of which is being destroyed by the approval of this project. 

○ Provide a detailed weed control plan. 
○ Provide seed mix details that will be used to reclaim the disturbance.. 
○ Write an annual report that is available to the public including photos of 

each location and a status of the reclamation progress. 
● All oil or hazardous material spills during pre-construction, construction, 

maintenance, operation and decommissioning shall be reported to the PUC within 
20 days in addition to any required reporting to the DENR. 

● Require a containment basin with a perimeter at least 2 feet away from the base of 
the turbine. The basin shall be no less than 3 feet in depth, with a ¼” or less metal 
mesh cover. 

● All incidents of blade throw, shed, defragmentation, delamination shall be 
reported to the PUC within 20 days of the incident. 

○ Report to PUC how each of the above issues will be rectified/mitigated 
and the anticipated time frame. 

○ Submit a follow up report to the PUC outlining how the above issues were 
actually rectified/mitigated and if the anticipated time frame was met. 

● All incidents of bodily injury occurring to anyone related to the project, through 
the construction, operation and decommissioning of the project, including 
vehicular accidents shall be reported to the PUC within 20 days of the 
incident.This report shall be available to the public 

● All fires related to the project shall be reported to the PUC within 20 days of the 
incident.This report shall be available to the public 

● Partner with the South Dakota DENR to implement and monitor test wells 
throughout the project which must be tested before any construction is 
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commenced and then tested monthly during construction and annually thereafter 
for the life of the project.  Results must be made available to the public.  Well 
testing must be completed by a third party organization selected by the DENR. 
The project area is located in a shallow aquifer region and is therefore prone to 
contamination. 

● Offer each non-participating landowner within 2 miles of the boundary footprint a 
free water well test for each water well on their property up to $2,500 per 
landowner.  This test shall cover but not limited to turbidity, particulars and 
bacteria. This must be completed before any construction is commenced and 
reimbursement shall be made by the applicant within 30 days of submission of the 
receipt to the PUC.  

● No flicker shall be allowed to cross non-participating landowner’s property line. 
● 40 db(A) L10 to be measured, by a third party every year outside and inside non 

participating landowners homes within 2 miles of the boundary footprint and the 
Waverly School. During even numbered years the measurement shall be in the 
spring and fall for 14 days 24 hours continuous. During the odd numbered years 
the measurement shall be in the summer and winter for 14 days 24 hours 
continuously.  The findings shall be reported to the PUC and published within 3 
months of completion of the noise study in the following public publications, for 
the life of the project:  Public Opinion newspaper in Watertown, SD, South Shore 
Gazette in South Shore, SD and the Grant County Review in Milbank, SD  

● Noise not to exceed 40 db(A)L10 at the property line of a non-participating 
property, including but not limited to construction, maintenance, operation and 
decommissioning.  This requirement shall be enforced in all areas within 2 miles 
of the project boundary footprint and within 2 miles of any haul road for the life 
of the project, cradle to grave. 

● The PUC shall for the life of the project, cradle to grave, enforce the 40 db(A) 
L10 by requiring the removal of turbines and fines in excess of $10,000 per 
incident, for equipment noise violations. The fine revenue shall be remanded to 
the affected property owner where the violation occurred. 

● The applicant for the life of the project, cradle to grave, shall keep maintenance 
logs of every repair or replacement.  The report shall include but not limited to the 
place of repair, maintenance or replacement, the date and time, the part number, 
the serial number, identify if the part is OEM and warranty information.  This 
report shall be compiled quarterly and submitted to the PUC and available for 
public review 

● The applicant shall develop a report concerning health, safety and welfare  of 
living, working, recreating, and commuting in the turbine project.  This report 
shall cover but not limited to infrasound, low frequency noise, community within 
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the project during construction, during icing conditions, ice throw, fire dangers 
including prairie fires caused by turbines, safety setbacks, a map of turbine 
locations and ID address for emergency responders,  and the PUC phone number 
to register complaints.  This report shall be for the life of the project be published 
annually each fall in  Public Opinion newspaper in Watertown, SD, South Shore 
Gazette in South Shore, SD and the Grant County Review in Milbank, SD 

● The PUC for the life of the project, shall require the applicant to monitor 24/7 and 
report the dust particulate matter, ozone and air carbon data for the life of the 
project.  This report shall be compiled quarterly the findings shall be published 
within 3 months of completion of the dust particulate report in the following 
public publications, for the life of the project:  Public Opinion newspaper in 
Watertown, SD, South Shore Gazette in South Shore, SD and the Grant County 
Review in Milbank, SD. The applicant admits there is soil disturbance, over 41 
miles of new dirt roads, vehicles and equipment involved with this project. 

● The applicant shall remove all turbines that do not meet the conditions of the local 
and state permits, rules and laws. 

● If the PUC requires a liason, the liaison shall live in the Crowned Ridge LLC 
boundary. 

● In the first week of May, by letter,the PUC shall survey the participating and non 
participating landowners within 2 miles of the project boundary footprint with 10 
questions written by the intervenors 

● The PUC shall require the applicant to remove and notify the participating 
landowners that the confidentiality agreement is nullified.  This notice shall be 
sent by April 30th. 

● The applicant shall develop a predator and rodent management plan.  
● The applicant shall develop a plan to render and compile a report the birds and 

bats killed by turbines or equipment operated by or contracted for the applicant. 
This report shall contain but not limited to, time and date of discovery, the breed 
of bird, and the size. This report shall be reported annually and  published in the 
following public publications, for the life of the project:  Public Opinion 
newspaper in Watertown, SD, South Shore Gazette in South Shore, SD and the 
Grant County Review in Milbank, SD. 

● The PUC, for the life of the project, shall annually send out a survey to all 
participating and nonparticipating landowners within the project boundary 
footprint and within 2 miles of the project boundary footprint.  The survey shall 
query but not limited to, perceptions of property value, quality of life, health 
concerns related to turbines, concerns about the turbines, 

● The PUC shall not allow turbine shifts. At the March 20th PUC public input 
hearing Tyler Wilhelm stated the micrositing was complete and Mark Thompson 
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provided information that the Geotech and Seismic/Piezocone Penetration testing 
(CPT) engineering was done between May 2018 and January 2019.  

● The applicant, for the life of the project, shall monitor and report on changes in 
soil health including but not limited to changes in  organic matter, vegetation, 
moisture, microbes, burying insects, and mammals. This report shall be compiled 
annually and shall be reported annually and  published in the following public 
publications, for the life of the project:  Public Opinion newspaper in Watertown, 
SD, South Shore Gazette in South Shore, SD and the Grant County Review in 
Milbank, SD 

● The applicant shall provide a cradle to grave carbon footprint report for this 
project. 

● The applicant, for the life of the project, shall quarterly monitor and report all 
stray voltage including but not limited to stray voltage dispersed into the ground. 
This report shall be published within 30 days Public Opinion newspaper in 
Watertown, SD, South Shore Gazette in South Shore, SD and the Grant County 
Review in Milbank, SD 

● The applicant is to commit to an end date to the project.  This date is to be 
submitted to the PUC and made public before construction is to begin. 

● Offer each non-participating landowner within 2 miles of the boundary footprint 
reimbursement of a pre-construction property appraisal up to $2,500 per 
landowner.  This offer shall be completed before any construction is completed 
and reimbursement must be made by the applicant within 30 days of submission 
of the receipt to the PUC. 

● An annual report published in the following public publications, for the life of the 
project:  Public Opinion newspaper in Watertown, SD, South Shore Gazette in 
South Shore, SD and the Grant County Review in Milbank, SD which includes a 
report of the following information: 

○ Tax revenue versus predictions for each entity: County, Township and 
School district. 

○ Actual power production versus predictions. 
○ Electric prices experienced by citizens versus electric prices at the start of 

the project. 
○ The amount of net negative energy used from the grid and the price cost 

per kilowatt and total cost per turbine the applicant paid for it. 
○ School enrollment numbers at Waverly School versus at the start of the 

project. 
○ A survey of all landowners that is completed by a third party selected by 

the PUC, with the results being sent directly from the survey company to 
the PUC.  The questions on the survey shall include: 
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■ Do you feel your quality of life has been impacted as a result of the 
wind project, Crowned Ridge I?  If yes, has it been impacted for 
the better or worse? 

■ Do you believe the community has been impacted as a result of the 
wind project, Crowned Ridge I?  If yes, has it been impacted for 
the better or worse? 
 

1-4)           Please list with specificity the witnesses that you intend to call.  Please include 

name, address, phone number, credentials and area of expertise. 

Response:  We as intervenors are still reviewing the latest information provided by the 

applicant.  Information was provided only on April 9th and 10th.  As a result, we have 

not been able to identify appropriate witnesses.  This information will become more 

available as we, the intervenors, process all of the late information. 

1-5)           Do you intend to take depositions? If so, of whom? 

Response:  Our attorney will be advising us further on this topic after his review of the 

application, testimonies and data request responses. 

1-6)           Please identify every concern you have with the proposed project that you 

intend to address at the evidentiary hearing.  For each concern identified, please provide 

support for the concern. 

Response:  This will become more clear once we are able to fully review all of the 
information that has recently been provided by the applicant.  The application was 
incomplete and included many points of misinformation, which is making it quite 
difficult to understand.  At this time, we believe the aspects that we may call witnesses to 
testify on  may include, but is not limited to: property rights, geology, hydrology, health 
and safety, economics, real estate values, local law compliance, environmental impacts 
(including wildlife) and business ownership. 
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600 East Capitol Avenue I Pierre 1 SD 57501 i"'605.773.3361 i ·sos.773.5683 

October 13, 2017 

Public Utilities Commission Staff 
SD Public Utilities Commission 
Capitol Building, 1stfloor 
500 East Capitol Avenue 
Pierre, SD 57501-5070 

rl 
SOUTI< OAKOTA HEAITH 
DEPARTMENT OF 

Office of the Secre\aty 

RECIEHfED 
OCT 1 3 2017 

JOUTH DAl<OTA PUBLIC 
UTILITIES COMMISSION 

Re: PUC Docket EL 17-028 - In the Matter of the Application by Crocker Wind Farm, LLC for a 
Permit of a Wind Energy Facility and a 345 kV Transmission Line in Clark County. South 
Dakota. for Crocker Wind Farm 

Dear PUC Staff: 

The South Dakota Department of Health has been requested to comment on the potential 
health impacts associated with wind facilities. Based on the studies we have reviewed to date, 
the South Dakota Department of Health has not taken a formal position on the issue of wind 
turbines and human health. A number of state public health agencies have studied the issue, 
including the Massachusetts Department of Public Health 1 and the Minnesota Department of 
Health2

• These studies generally conclude that there is insufficient evidence to establish a 
significant risk to human health. Annoyance and quality of life are the most common complaints 
associated with wind turbines, and the studies indicate that those issues may be minimized by 
incorporating best practices into the planning guidelines. 

Sincerely, 

Kim Malsam-Rysdon 
Secretary of Health 

1 http://www.mass.gov/eea/docs/dep/energy/wind/turbine-impact-study.pdf 

2 www. health .state. mn. us/divs/eh/hazardous/topics/windturbines. pdf 
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Gary Hanson, Chairman 
Chris Nelson, Vice Chairman 
Kristie Fiegen, Commissioner 

PUBLIC UTILITIES COMMISSION 
500 East Capitol Avenue  

Pierre, South Dakota 57501-5070 
www.puc.sd.gov 

(605) 773-3201

Consumer Hotline 
1-800-332-1782

Email 
puc@state.sd.us 

VIA EMAIL 

March 26, 2019 

Mr. Brian Walsh 
Environmental Scientist Manager, Ground Water Quality 
SD DENR 
Joe Foss Building 
523 E Capitol 
Pierre, SD 57501 

Subject: Request for DENR Comment on Deuel Harvest North Wind Farm 

Dear Mr. Walsh, 

The South Dakota Public Utilities Commission Staff (PUC Staff) is reviewing a wind farm siting application for the Deuel 
Harvest North wind farm, located in Deuel County SD.  Several concerned residents with homes near the project area 
intervened in the docket to raise their concerns before the Commission for consideration.  One of the concerns raised by 
these individuals is the impact that wind farm construction and operation may have on aquifers and springs. 

Concerns raised regarding aquifers and springs include the following: 

1) the potential adverse impacts to the environment due to oil and chemical spills used during wind turbine
construction or operation;

2) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs due to the concrete in
wind turbine foundations;

3) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs during construction of the
project;

4) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs during wind turbine
operation as a result of ground vibration; and

5) the request for a hydrogeological study to demonstrate that aquifers/springs will not be adversely impacted by the
construction or operation of the project.

Through this letter, PUC Staff is reaching out the Department of Environment and Natural Resources (DENR) for 
comment on the concerns listed above.  Specifically, PUC Staff would like the DENR to provide an opinion on the 
concerns and identify if, in the DENR’s opinion, the requested hydrogeological study is necessary to understand potential 
impacts to aquifers/springs as a result of wind turbine construction and operation. 

Sincerely, 

Darren Kearney 
Utility Analyst 
SD PUC 

Cc: Jon Thurber, Amanda Reiss, Kristen Edwards 

Exhibit_DK-5 
Page 1 of 1
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Exhibit__DK-6 
Page 1 of 2

March 29, 2019 

Mr. Darin Kearney 
Public Utilities Commission 
500 E Capitol 
Pierre, SD 57501 

DEPARTMENT of ENVIRONMENT 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 EAST CAPITOL 

PIERRE, SOUTH DAKOTA 57501-3182 

denr.sd.gov 

Subject: Response to PU C's Request for DENR Comment on Deuel Harvest North Wind 
Farm 

Dear Mr. Kearney: 

The following is the Department of Environment and Natural Resource's response to the 
questions contained in your March 26, 2019 letter to Brian Walsh, with the DENR's Ground 
Water Quality Program. 

PUC Questions followed by DENR's response: 
I) the potential adverse impacts to the environment due to oil and chemical spills used 

during wind turbine construction or operation; 
a. The Department of Environment and Natural Resources has rules and regulations 

(SDCL 34A-12 and ARSD 74:34:01) which require the reporting, assessment and 
cleanup of oil and chemical spills that may occur during the construction or 
operation ofwindfarms. 

b. Previously reported oil spills from operating wind farms have been minor and 
were easily addressed Based upon the quantity of oil and chemicals present at 
these sites, it does not appear that these sites pose a significant oil or chemical 
risk to ground water. 

2) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs 
due to the concrete in wind turbine foundations; 

The department does not consider a concrete foundation to be a source of ground 
water contamination. Foundations will not be constructed in any major aquifer. 
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Exhibit__DK-6 
Page 2 of 2

3) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs 
during construction of the project; 

Based upon the depth and spacing of the concrete wind turbine foundations and 
the depth of the aquifer, construction of the wind farm will not contaminate or 
cause disruption of ground water flow, nor a disturbance of the aquifer 
underlying the site. 

4) the potential for the project to contaminate, disrupt the flow, or disturb aquifers/springs 
during wind turbine operation as a result of ground vibration; and 

Based upon the depth of the aquifer and spacing of the wind turbines, vibrations 
from the towers will not contaminate and are unlikely to cause disruption of 
ground water flow, nor a disturbance of the aquifer underlying the site. 

5) the request for a hydrogeological study to demonstrate that aquifers/springs will not be 
adversely impacted by the construction or operation of the project. 

Sincerely, 

Previous geological studies performed by DENR and the United States 
Geological Survey to map the ground water resources have shown that the major 
aquifer in this area is greater than 100 feet deep. Therefore, the construction and 
operation of the wind farm will not impact the major aquifer under this wind 
farm. 

Kim McIntosh, Administrator 
Ground Water Quality Program 
Department of Environment and Natural Resources 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

Intervenor Conditions Staff Agree Staff Response 

1. 2-mile setback from all non-participating landowners. A 

waiver of this setback may be allowed, given the 

landowner and the applicant agree to the terms, and the 

full terms and agreement are reviewed by the PUC and 

approved. Citizens that are not participating with the 

project should not have to be exposed to the effects of the 

project. Although 2 miles will not prevent exposure from 

the project, it will create a more tolerable situation. 

No 

See testimony of Darren Kearney. 

2. 2-mile setback from the Waverly School. This will ensure 

children are protected from the disturbances of the project 

while in their learning environment. 

No 

See testimony of Darren Kearney. 

3. Increased setback from all public rights-of-way to a 

distance greater than: 1.5 * (the diameter of the blades 

plus the height of the turbine). This is the distance 

outlined in the GE technical document number GER4262, 

titled “Ice Shedding and Ice Throw-Risk and Mitigation”. 

Maybe 

See testimony of Darren Kearney. 

4. Limit construction, including traffic, to the hours of 7 am 

- 7 pm so that disruption to our home lives is reasonably 

limited. 

Maybe 

Staff needs to better understand the basis for 

this request.   

5. Notification of work areas, heavy road usage, road 

closures/anticipated congestion, noise, dust/particulate 

warnings, for residents posted online daily, also in local 

elevators so that citizens who live and work in the area 

can be informed about the disruption to their lives and 

take any steps possible to mitigate. 

No 

Staff does not support posting the requested 

information online daily.  Staff advocates for 

properly marking road closures and 

communicating closures with the appropriate 

local officials and emergency responders. 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

6. Preconstruction noise, to include infrasound, analysis of 

non-participating properties, outside and inside the 

principle structure. Analysis to be conducted by a third 

party chosen and reported directly to the PUC. 

No 

See the testimony of David Hessler and Darren 

Kearney. 

7. Noise monitoring, to include infrasound, during 

construction, operation, maintenance, decommissioning to 

record the applicant is in compliance. Monitoring to be 

completed by a third party selected and reported directly 

to the PUC. 

No 

See the testimony of David Hessler and Darren 

Kearney. 

8. Air quality monitoring during construction and the months 

of May through October after construction is complete, 

throughout the life of the project. 

No 

Staff does not support this condition based on 

the information included in the Application.  

Long term air quality impacts are not expected. 

9. Require airplane detection system lighting be used 

immediately upon operation. Unnecessary lighting emits 

light pollution and further ruins our viewshed. Yes 

Staff is supportive of an ADLS condition for 

the project.  However, Staff will recommend a 

condition that allows for flexibility should the 

FAA not approve the use of an ADLS for the 

project.   

10. Submit and follow a 3-year grassland reclamation plan for 

any pasture, grass and/or native undisturbed land that is 

disturbed during the construction of this project. The 

Coteau Prairie is an important aspect to the Earth’s overall 

ecosystem, part of which is being destroyed by the 

approval of this project. 

a. Provide a detailed weed control plan. 

b. Provide seed mix details that will be used to 

reclaim the disturbance. 

c. Write an annual report that is available to the 

public including photos of each location and a 

status of the reclamation progress. 

No 

Staff does not support this condition as 

proposed.  Staff will advocate for a condition 

that requires using a seed mix recommended by 

the Natural Resource Conservation Service and 

approved by the landowner.  Further, Staff will 

advocate for a condition that that the Applicant 

work with land management agencies to 

determine a plan to control noxious weeds.  

Since all turbines are on private landowners that 

voluntarily participated, Staff finds no need for 

a formal grassland reclamation plan.     
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

11. All oil or hazardous material spills during pre-

construction, construction, maintenance, operation and 

decommissioning shall be reported to the PUC within 20 

days in addition to any required reporting to the DENR. 

No 

Staff does not support this condition.  Oil spills 

are reported to the DENR pursuant to state law 

and the DENR makes that information publicly 

available.   

12. Require a containment basin with a perimeter at least 2 

feet away from the base of the turbine. The basin shall be 

no less than 3 feet in depth, with a ¼” or less metal mesh 

cover. 

No 

Staff does not support this condition based on 

the information provided in the Application and 

industry practice for designing wind turbines. 

13. All incidents of blade throw, shed, defragmentation, 

delamination shall be reported to the PUC within 20 days 

of the incident. 

a. Report to PUC how each of the above issues will 

be rectified/mitigated and the anticipated time 

frame. 

b. Submit a follow up report to the PUC outlining 

how the above issues were actually 

rectified/mitigated and if the anticipated time 

frame was met. 

Maybe 

Staff is willing to consider a condition on 

reporting these types of incidents to the 

Commission.  However, Staff is not supportive 

of subparts a) and b) since Staff does not know 

what rectified/mitigated is intended to cover.  

14. All incidents of bodily injury occurring to anyone related 

to the project, through the construction, operation and 

decommissioning of the project, including vehicular 

accidents shall be reported to the PUC within 20 days of 

the incident. This report shall be available to the public 

Maybe 

Staff is willing to consider this type of 

condition if further narrowed in scope. “Bodily 

injury” is a broad term. 

15. All fires related to the project shall be reported to the PUC 

within 20 days of the incident. This report shall be 

available to the public 

Yes 

Staff is supportive of this condition. 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

16. Partner with the South Dakota DENR to implement and 

monitor test wells throughout the project which must be 

tested before any construction is commenced and then 

tested monthly during construction and annually thereafter 

for the life of the project. Results must be made available 

to the public. Well testing must be completed by a third-

party organization selected by the DENR. The project area 

is located in a shallow aquifer region and is therefore 

prone to contamination. 

No 

Staff is not supportive of this condition based 

on DENR’s letter found in Exhibit DK-6. 

17. Offer each non-participating landowner within 2 miles of 

the boundary footprint a free water well test for each 

water well on their property up to $2,500 per landowner. 

This test shall cover but not limited to turbidity, 

particulars and bacteria. This must be completed before 

any construction is commenced and reimbursement shall 

be made by the applicant within 30 days of submission of 

the receipt to the PUC. 

No 

Staff is not supportive of this condition based 

on DENR’s letter found in Exhibit DK-6. 

18. No flicker shall be allowed to cross non-participating 

landowner’s property line. 

No 

Staff is not supportive of this condition.  

Currently, Staff supports a shadow flicker limit 

of 30 hrs/year at the residence, which is 

consistent with county requirements.  If 

evidence is provided demonstrating the need for 

a different limit, Staff will consider it. 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

19. 40 db(A) L10 to be measured, by a third party every year 

outside and inside non-participating landowners’ homes 

within 2 miles of the boundary footprint and the Waverly 

School. During even numbered years the measurement 

shall be in the spring and fall for 14 days 24 hours 

continuous. During the odd numbered years the 

measurement shall be in the summer and winter for 14 

days 24 hours continuously. The findings shall be reported 

to the PUC and published within 3 months of completion 

of the noise study in the following public publications, for 

the life of the project: Public Opinion newspaper in 

Watertown, SD, South Shore Gazette in South Shore, SD 

and the Grant County Review in Milbank, SD 

No 

See the testimony of David Hessler and Darren 

Kearney. 

20. Noise not to exceed 40 db(A)L10 at the property line of a 

non-participating property, including but not limited to 

construction, maintenance, operation and 

decommissioning. This requirement shall be enforced in 

all areas within 2 miles of the project boundary footprint 

and within 2 miles of any haul road for the life of the 

project, cradle to grave. 

No 

See the testimony of David Hessler and Darren 

Kearney. 

21. The PUC shall for the life of the project, cradle to grave, 

enforce the 40 db(A) L10 by requiring the removal of 

turbines and fines in excess of $10,000 per incident, for 

equipment noise violations. The fine revenue shall be 

remanded to the affected property owner where the 

violation occurred. 

No 

Staff is not supportive of specifying the specific 

method to address noise violations and 

advocates to give future Commissions 

flexibility to address the issue as necessary. 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

22. The applicant for the life of the project, cradle to grave, 

shall keep maintenance logs of every repair or 

replacement. The report shall include but not limited to 

the place of repair, maintenance or replacement, the date 

and time, the part number, the serial number, identify if 

the part is OEM and warranty information. This report 

shall be compiled quarterly and submitted to the PUC and 

available for public review 

No 

Staff does not support this condition since it is 

unknown what statute or rule the intervenors 

believe this information is required to be 

provided to the Commission under. Staff needs 

to better understand what this condition is 

trying to address. 

23. The applicant shall develop a report concerning health, 

safety and welfare of living, working, recreating, and 

commuting in the turbine project. This report shall cover 

but not limited to infrasound, low frequency noise, 

community within the project during construction, during 

icing conditions, ice throw, fire dangers including prairie 

fires caused by turbines, safety setbacks, a map of turbine 

locations and ID address for emergency responders, and 

the PUC phone number to register complaints. This report 

shall be for the life of the project be published annually 

each fall in Public Opinion newspaper in Watertown, SD, 

South Shore Gazette in South Shore, SD and the Grant 

County Review in Milbank, SD 

No 

Staff does not support this condition based on 

the expected impacts identified in the 

Application and Applicant’s testimony. 

24. The PUC for the life of the project, shall require the 

applicant to monitor 24/7 and report the dust particulate 

matter, ozone and air carbon data for the life of the 

project. This report shall be compiled quarterly the 

findings shall be published within 3 months of completion 

of the dust particulate report in the following public 

publications, for the life of the project: Public Opinion 

newspaper in Watertown, SD, South Shore Gazette in 

South Shore, SD and the Grant County Review in 

Milbank, SD. The applicant admits there is soil 

disturbance, over 41 miles of new dirt roads, vehicles and 

equipment involved with this project.  

No 

Staff does not support this condition based on 

the expected impacts identified in the 

Application and Applicant’s testimony. 
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Exhibit DK-8: Intervenors’ Recommended Permit Conditions 
 

25. The applicant shall remove all turbines that do not meet 

the conditions of the local and state permits, rules and 

laws. 

Yes 

Staff is supportive of removing any turbines not 

compliant with permits, rules, or laws. 

26. If the PUC requires a liaison, the liaison shall live in the 

Crowned Ridge LLC boundary. No 

Based on Staff’s experience, a public liaison 

does not need to reside in the area to properly 

respond to concerns that may arise. 

27. In the first week of May, by letter, the PUC shall survey 

the participating and non-participating landowners within 

2 miles of the project boundary footprint with 10 

questions written by the intervenors 

No 

Staff finds a survey is not necessary since the 

PUC’s process is open to the public for 

comment and participation. 

28. The PUC shall require the applicant to remove and notify 

the participating landowners that the confidentiality 

agreement is nullified. This notice shall be sent by April 

30th. 

No 

The commission does not have the authority to 

direct what two parties include in a private 

contract. 

29. The applicant shall develop a predator and rodent 

management plan. No 

Staff does not support this condition based on 

the expected impacts identified in the 

Application. 

30. The applicant shall develop a plan to render and compile a 

report the birds and bats killed by turbines or equipment 

operated by or contracted for the applicant. This report 

shall contain but not limited to, time and date of 

discovery, the breed of bird, and the size. This report shall 

be reported annually and published in the following public 

publications, for the life of the project: Public Opinion 

newspaper in Watertown, SD, South Shore Gazette in 

South Shore, SD and the Grant County Review in 

Milbank, SD. 

No 

Staff will advocate for a condition requiring 2-

years of post-construction avian mortality 

monitoring as has been required for past wind 

farms.   
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

DOCKET NO. EL 19-003 

IN THE MATTER OF THE APPLICATION BY CROWNED RIDGE WIND, LLC 
FOR A PERMIT OF A WIND ENERGY FACILITY IN GRANT AND CODINGTON 

COUNTIES, SOUTH DAKOTA, FOR CROWNED RIDGE WIND FARM 

Direct Testimony of Tom Kirschenmann 
On Behalf of the Staff of the South Dakota Public Utilities Commission 

May10,2019 
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Q:  State your name.   1 

A:   Tom Kirschenmann 2 

 3 

Q:   State your employer.   4 

A:   State of South Dakota, Department of Game, Fish, and Parks 5 

 6 

Q:   State the program for which you work.   7 

A:   Division of Wildlife, Terrestrial Resource Section 8 

 9 

Q:   State the program roles and your specific job with the department.   10 

A:   The role of the Terrestrial Resources section is to study, evaluate, and 11 

assist in the management of all wildlife and associated habitats. 12 

Management includes game and non-game wildlife populations, habitat 13 

management on public lands and technical assistance and habitat 14 

development on private lands, population and habitat inventory, and 15 

environmental review of local and landscape projects. As the Deputy 16 

Director of the Wildlife Division and Chief of the Terrestrial Resources 17 

Section, I oversee and am involved with wildlife management and 18 

research, as well as habitat management consisting of the department’s 19 

public lands and private lands programs. 20 

 21 

Q:   Explain the range of duties you perform.   22 
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A:   Duties include leading the Terrestrial Resources section that includes 1 

three program administrators (Wildlife, Habitat, Wildlife Damage) and 23 2 

wildlife biologists; coordinate and assist with the Division of Wildlife’s 3 

Operations at four administrative regions; oversee wildlife research, 4 

management, and the establishment of hunting seasons for game 5 

species; oversee private lands and public lands habitat programs; 6 

coordinate environmental review evaluations and responses related to 7 

terrestrial issues with department staff; serve as the Department’s liaison 8 

for several state and federal agencies; and represent the Department on 9 

state and national committees. 10 

 11 

Q: On whose behalf was this testimony prepared? 12 

A: This testimony was prepared on behalf of the Staff of the South Dakota 13 

Public Utilities Commission. 14 

 15 

Q: What role does the Department of Game, Fish and Parks have in the 16 

permitting process of a wind energy development project? 17 

A: Game, Fish and Parks has no regulatory authority when it comes to 18 

permitting wind energy development projects.  The agencies role is to 19 

consult with developers and provide recommendations and suggestions 20 

on how to minimize or remove potential impacts to wildlife and associated 21 

habitats or provide available information to make informed decisions as 22 

related to natural resources. 23 
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Q: Have you reviewed the Application and attachments? How else did 1 

you learn details around the proposed project? 2 

A: Yes, relevant sections of the application and attachments and also 3 

discussed project details with GFP biologists who had more direct 4 

communications with the developer. 5 

 6 

Q: Did the GF&P provide comments and recommendations to Crowned 7 

about the project area? Please identify who provided those 8 

comments and provide a brief summary of them. 9 

A:   Game, Fish and Parks was initially contacted in October 2007 by 10 

TetraTech to request a search of GFP listed threatened or endangered 11 

species, and any additional environmental concerns for the project area. A 12 

response was sent in December of 2007 by Silka Kempema, wildlife 13 

biologist. During this initial contact, information about species of concern 14 

and important or sensitive wildlife habitats in the project area were shared 15 

with the applicant. Additionally, in November 2007, Doug Backland, 16 

wildlife biologist provided a shapefile of threatened, rare, or endangered 17 

species present within the project area (natural heritage database review). 18 

In December 2009, TetraTech contacted GFP to request an additional 19 

natural heritage database review.  Game, Fish and Parks provided a list of 20 

species occurrences for the project area. In November of 2010, Western 21 

Area Power Administration (WAPA) contacted GFP with a scoping notice 22 

for the Crowned Ridge Wind Energy Center in Codington County, South 23 
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Dakota. GFP replied to the WAPA scoping notice in January 2011 with a 1 

letter describing important wildlife habitats (grasslands, wetlands, etc.), 2 

information about rare, endangered or threatened species that could occur 3 

in the project area as well as general wildlife survey guidelines.  In March 4 

2014, GFP provided historic grouse lek locations in and around the project 5 

boundary. Game, Fish and Parks was contacted by TetraTech in February 6 

2015 requesting information regarding ecologically significant areas and 7 

listed endangered, threatened or special concern species at a potential 8 

wind energy development site in Codington and Grant Counties, South 9 

Dakota.  Game, Fish and Parks staff replied to their request in March 2015 10 

with a letter describing ecologically sensitive areas in the project area and 11 

advising an up-to-date Natural Heritage database request, based on the 12 

amount of time that passed since the previous request. Information was 13 

also included about important wildlife habitats, avoidance of turbine 14 

placement in and around public lands, recommendations on transmission 15 

line construction and general wildlife survey guidelines for pre and post 16 

construction surveys. In March 2017, GFP was first contacted by Nextera, 17 

and Ms. Kempema recommended an in-person meeting for the 18 

opportunity to review proposed turbine layout and wildlife surveys that had 19 

been conducted to-date.  In April 2017, a conference call with GFP, 20 

USFWS and Nextera was conducted to share a project overview, as well 21 

as results from wildlife surveys. During this conference call, Ms. Kempema 22 

recommended Nextera avoid placing turbines in untilled grasslands and 23 
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wetlands, and recommended a 1 mile no-construction buffer around 1 

grouse leks. Ms. Kempema also requested a copy of any wildlife survey 2 

reports, and recommended a site-visit with GFP and USFWS. In July 3 

2017, GFP received a request from SWCA Environmental Consultants to 4 

request information regarding ecologically sensitive areas and federally 5 

and state listed endangered, threatened or special concern species in the 6 

Crowned Ridge project area. Results from a natural heritage database 7 

search was provided to SWCA in August 2017. On April 3rd, 2019, SWCA 8 

Environmental Consultants requested information regarding ecologically 9 

sensitive areas and federally and state listed endangered, threatened or 10 

special concern species in the Crowned Ridge project area. Results from 11 

a natural heritage database search were provided to SWCA on April 26th 12 

2019. 13 

 14 

Q:  Do you agree with the comments and recommendations provided to 15 

Crowned Ridge by Ms. Kempema?  If not, please explain. 16 

A:   Yes.  These are typical discussion topics and recommendations our 17 

Department would share with wind power companies to identify, minimize, 18 

or reduce impacts to wildlife and wildlife habitats, especially those projects 19 

that are proposed in grassland and wetland habitats. 20 

 21 

Q:   Based on the information provided in the Application, in your opinion 22 

did Crowned Ridge utilize the proper studies and wildlife surveys 23 
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necessary to identify potential impacts to the terrestrial 1 

environment?  2 

A: Pre-construction wildlife survey data usually incorporates a small snap-3 

shot in time (ex. monthly large bird counts) but is used to assess risks for 4 

the life of a project (~30 years) therefore, it is important to perform surveys 5 

with a high degree of scientific rigor. The US Fish and Wildlife Service 6 

(USFWS) Land-Based Wind Energy Guidelines (hereafter referred to as 7 

USFWS guidelines) are intended to encourage scientifically rigorous 8 

survey, monitoring, assessment and research designs, produce potentially 9 

comparable data across the nation, and improve the ability to predict and 10 

resolve effects of wind energy development locally, regionally and 11 

nationally. These guidelines, along with GF&P siting guidelines 12 

(https://gfp.sd.gov/userdocs/docs/SDSitingGuides_2018-10-17.pdf) are 13 

voluntary suggestions (USFWS 2012). 14 

15 

Survey methods used by Crowned Ridge followed the USFWS guidelines, 16 

and were reasonable and appropriate. Crowned Ridge conducted aerial 17 

raptor nest surveys, avian use surveys, large bird use surveys, grouse lek 18 

surveys, bat acoustic surveys, bat habitat assessments and an 19 

endangered butterfly habitat assessment.  20 

21 

Q: What are the potential impacts to wildlife as a result of the 22 

construction of a wind project? 23 
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A: Direct; birds and bats can be killed by turbines due to direct strikes. 1 

Indirect; some species may be displaced from otherwise suitable habitat 2 

around turbines and roads. A research project on the effects of wind 3 

energy on breeding grassland bird densities in North and South Dakota 4 

showed seven of nine species of grassland birds had reduced densities 5 

around wind turbines over time (Shaffer and Buhl 2016). 6 

 7 

Q: What potential impacts to wildlife habitat can result from a wind 8 

project? 9 

A: Permanent loss; habitat is permanently converted to turbine pads, roads 10 

or buildings. This is often a small percent of the total project acreage (area 11 

define by wind easements or otherwise defined project boundary). 12 

Temporary loss; habitat is disturbed for a time during construction (e.g. 13 

widened roads, crane paths) but is restored. Fragmentation; habitat 14 

fragmentation is the division of a block of habitat into smaller, and at times 15 

into isolated patches.  Habitat fragmentation can decrease the overall 16 

value of the remaining habitat. 17 

 18 

Q: Can you suggest methods to address temporary and permanent 19 

changes to habitat? 20 

A:  Temporary impacts to habitat resulting from construction activities likely 21 

can be reclaimed by restoring impacted areas by grading and reseeding. 22 

Disturbed areas should be restored using native seed sources to reduce 23 
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the introduction of new or discourage encroachment of already present 1 

exotic and/or invasive species.  2 

 3 

For those areas that are permanently changed, lost grassland or wetland 4 

acres could be addressed through consideration of mitigation options. 5 

Disturbed areas again should be restored using native seed sources to 6 

reduce the introduction of new or discourage encroachment of already 7 

present exotic and/or invasive species. It would also be recommended 8 

that if lost acres are replaced to carry out these replacement activities in 9 

the closest possible proximity of the project. 10 

 11 

Q:  Are there any other impacts besides temporary and permanent 12 

habitat impacts that are likely to occur as a result of the project? 13 

A:  Indirect habitat impacts are also a consideration. Potential indirect impacts 14 

created by wind turbines and associated infrastructure raise concerns with 15 

habitat fragmentation and potential displacement, especially with regards 16 

to breeding grassland and wetland species.  Research into the effects of 17 

wind energy on habitat avoidance has shown that some species will not 18 

use grassland or wetland habitat within a certain distance of a wind turbine 19 

(Loesch et al. 2013, Shaffer and Buhl 2016).   20 

 21 

Q: Did GFP have any wildlife or habitat concerns regarding the 22 

proposed Crowned Ridge project? If yes, what are they? 23 
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A: Yes. The area of primary interest is the potential impacts to the various 1 

grassland habitats and associated wildlife. 2 

 3 

Q: Did GFP provide any recommendations to avoid wildlife and habitat 4 

impacts from Crowned Ridge? If yes, what were they? 5 

A: Yes. The primary recommendations were to site turbines and associated 6 

infrastructure in cropland, minimize fragmentation, utilize existing 7 

infrastructure and avoid siting turbines in grasslands, and completion of 8 

post-construction surveys for bat and bird mortality which could be used in 9 

assisting with operational adjustments in the future. 10 

 11 

Q:  Are there different types of grasslands?  12 

A:  Yes.  13 

 14 

Q:   Please describe the following: native prairie, hayland, pasture, CRP, 15 

and cropland. 16 

A:   Grasslands are areas that contain plants species such as graminoids and 17 

commonly used for grazing or set aside for conservation purposes.  They 18 

can also be areas which are planted to a mixture of grasses and legumes 19 

for livestock grazing or feed.  Native prairie is grassland upon which the 20 

soil has not undergone a mechanical disturbance associated with 21 

agriculture or any other type of development.  Hayland is grassland that is 22 

managed by frequent mowing and often contains non-native plant species 23 
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either intentionally or by encroachment.  Pasture is grassland that may 1 

contain non-native plant species either intentionally or by encroachment 2 

and is managed by through grazing.  In some instances hayland and 3 

pasture could be native prairie; in other situations hayland and pasture in 4 

particular could be land once cultivated and restored to grassland habitat. 5 

Conservation Reserve Program acres (CRP) is grassland that occurs on 6 

land that was once tilled and used for crop production and has now been 7 

seeded to herbaceous cover to address soil loss, water quality, and 8 

provide wildlife habitat.  Cropland could be described as agricultural lands 9 

cultivated and used to grow crops such as corn, soybeans, small grains, 10 

and others. 11 

 12 

Q: Are there any areas of native prairie in the proposed project? 13 

A: Yes. Spatial analysis conducted by Bauman et al. (2016) has identified 14 

potentially undisturbed lands within the proposed project boundary.  This 15 

is one of the best available spatial data sets representing the location of 16 

untilled native grasslands.  The applicant also identified within the 17 

application an estimated 17,889 acres of untilled grassland within the 18 

project area (pg. 49). 19 

 20 

Q: Do grasslands other than native prairie have conservation value? 21 
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A: Yes. Given the loss of native prairie, working grasslands like pasture, 1 

hayland, and conservation grassland plantings serve as surrogates for 2 

native grasslands.  3 

 4 

Q:  To your knowledge, are there grazed grasslands in the project area? 5 

A:   Yes. 6 

 7 

Q:   Do grazed grasslands have any conservation value and what is the 8 

impact to grassland wildlife? 9 

A:   All grasslands have a conservation value, including those managed 10 

through grazing.  Grassland birds require a diversity of grassland types 11 

and structure to complete life-cycle requirements. Studies have shown 12 

that grassland birds respond primarily not to variation in plant species 13 

composition but to the structure that these plants provide.  Grassland birds 14 

have evolved with a gradation of grazing intensities. Grassland wildlife 15 

diversity can be maximized by creating a heterogeneous landscape 16 

comprised of short, medium and tall vegetation structures. Grazing 17 

(haying and burning) management can provide this variation in vegetative 18 

structure. Changes in land management and annual precipitation levels 19 

can alter plant species composition and vegetation structure of grassland 20 

within a short timeframe. 21 

 22 
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Q:  One of the GF&P’s recommendations was that efforts should be 1 

made to avoid placement of turbines and new roads in grasslands, 2 

especially untilled native prairie.  Based on the information in the 3 

Application and the proposed turbine layout, did Crowned Ridge 4 

demonstrate efforts to address this recommendation?  Please 5 

explain. 6 

A:   Data from the application indicates that 17,889 acres of the 53,186 acre 7 

project area is native prairie habitat. From reviewing the available maps, 8 

resources, and other information available there were efforts to avoid 9 

placement of turbines on untilled native prairie as approximately 19 of the 10 

planned 130 turbines appear to be positioned in native prairie. A continued 11 

recommendation for wind development is to avoid untilled native prairie 12 

habitat to the greatest extent possible. It appears that multiple turbines are 13 

being planned in cultivated land (disturbed) which from a wildlife 14 

perspective is a positive siting approach.  Some turbines will likely be 15 

placed on other types of grassland habitats (hay and pasture) within the 16 

project area.  Avoidance of all grassland habitat will be challenging in this 17 

part of the state and in the project area as a high proportion of the total 18 

area is some type of grassland/herbaceous habitat as demonstrated by 19 

the application indicating that project construction easement is 26% 20 

grass/pasture (page 47).   21 

 22 
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Q:   One of GF&P’s concerns around wind farm development is the 1 

fragmentation of contiguous blocks of grasslands.  Why is 2 

fragmentation a concern? 3 

A:   Fragmentation results in the direct loss of habitat and diminishes the value 4 

of remaining habitat.  Habitat fragmentation is the division of large 5 

contiguous blocks of habitat into smaller, and in some instances isolated 6 

patches.  Identification of contiguous blocks of habitat, especially in 7 

predominantly non-habitat landscapes is an important component of 8 

grassland and wetland bird conservation. 9 

 10 

Q: Are there any areas of contiguous grassland habitat in the proposed 11 

project? 12 

A: Yes.  The northeastern portion, central portion and northwestern portion of 13 

the proposed project area have the highest level of contiguous blocks of 14 

grassland habitat. 15 

 16 

Q:   Based on the information available does the GF&P have concerns 17 

over the placement of turbines and roads in contiguous blocks of 18 

grassland? 19 

A:   Based on reviewing available information, fragmentation of grassland 20 

habitats were avoided/minimized in some of the project area through the 21 

proposed layout of the infrastructure of the wind farm.  This is a result of 22 

primarily utilizing tilled agricultural fields for turbine locations.  There are 23 
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other locations of the project area which the placement of turbines will 1 

likely create some level of fragmentation of smaller grassland blocks 2 

(comprised of different grassland cover types: hay, pasture, etc.).  Based 3 

on the location of the project area and the existing land-use, it will be 4 

challenging not to create some additional fragmentation of grassland 5 

habitat, and in some situations larger contiguous blocks comprised of 6 

different grassland cover types. 7 

 8 

Q.  Does the state or GF&P have specific mitigation recommendations 9 

that will minimize or compensate potential impacts from wind energy 10 

development if they cannot be avoided? 11 

A.   At the current time South Dakota does not have a state mitigation policy 12 

that can be provided to wind energy developers.  However, there are 13 

resources available which can provide guidance and suggestions that can 14 

be considered as well as self-imposed actions or activities that can 15 

minimize natural resource impacts. 16 

 17 

Q:  What are potential mitigation considerations? 18 

A:  Mitigation can take multiple forms and accomplished in a multitude of 19 

ways. It could be an approach which implements an applied management 20 

activity/strategy on impacted lands which elevates these lands to a more 21 

productive state or higher ecological state (example – grazing 22 

management) to an approach which is more sophisticated and detailed 23 
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using tools developed to calculate acres of habitat to be restored or 1 

created based on impacted acres and other relevant research data 2 

(example – decision support tool).  Two examples that are available 3 

specifically for wind energy projects is a decision support tool based off 4 

the research conducted by Loesch et al. (2013) that considers breeding 5 

waterfowl and another which focuses on breeding grassland songbirds 6 

resulting from research findings of Shaffer and Buhl (2016). As stated 7 

earlier South Dakota does not have a state mitigation policy nor does the 8 

state endorse either study and resulting products, however it is worthy of 9 

mentioning these tools demonstrating resources available to developers 10 

and managers. 11 

 12 

Q: The GF&P recommended that turbines should not be placed in or 13 

near wetland basins and special care should be made to avoid areas 14 

with high concentrations of wetlands.  Do you believe that Crowned 15 

Ridge’s proposed turbine layout incorporates this recommendation? 16 

A:  The application mentions under mitigation measures for wildlife that 17 

wetlands will be avoided or minimize disturbance of individual wetlands 18 

during project construction.  These are appropriate measures.  No 19 

turbines are planned in wetland basins.  Reviewing the turbine layout and 20 

using NWI wetland information for the project area, some turbines appear 21 

to be placed in areas of higher concentrations of wetland basins 22 

(specifically in the central and eastern portions of the project).  It will be 23 
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challenging to avoid areas of wetland concentrations because of the 1 

number of wetland acres and basins found in this part of the state and 2 

project area. Recommendations to avoid areas of higher concentrations of 3 

wetlands is supported by findings from Loesch et al. (2013). 4 

 5 

Q: Are you aware of any other wind farms near this proposed project? 6 

A:   Yes.  I am aware of projects in the area by reviewing the map of wind 7 

projects found on the PUC website indicating projects either in the status 8 

of existence, proposed, pending, or under construction. 9 

 10 

Q:   Does the GF&P have any thoughts regarding the potential for 11 

cumulative impacts the Project may have? 12 

A:   As projects are completed and based on location and proximity to other 13 

projects, the question of cumulative impacts will become more apparent.  14 

Knowing the importance of native prairie tracts and other forms of 15 

grassland habitat to several grassland dependent species, continued 16 

development on these types of lands could result in reduced or limited 17 

habitat value.  Placement of turbines in lands currently under cultivation 18 

and avoiding where possible the different varieties of grassland and 19 

wetland habitats will help minimize potential cumulative impacts. 20 

 21 

Our agency will continue to work with wind developers and provide 22 

recommendations that we believe will help minimize cumulative impacts. 23 
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No different than offered to this project, the focus could include, but not 1 

limited to, recommendations on avoiding grassland habitats, in particular 2 

native prairie remnants, avoidance of high wetland complex areas, 3 

maximize the use of existing corridors for infrastructure, and pre and post 4 

construction surveys to assess the proposed project area that may assist 5 

in operational decisions.   6 

 7 

Q:   Do any State threatened or endangered species have the potential to 8 

be impacted by the wind farm? 9 

A:   There are two records of the state threatened Northern River Otter 10 

adjacent to the project boundary. Filing a storm water pollution prevention 11 

plan and putting in place practices to reduce or eliminate sedimentation 12 

will help negate potential negative impacts to Northern River Otters that 13 

may be in or near the project area. 14 

 15 

Q:   Are there any GF&P lands or other public lands that may be 16 

impacted by the wind farm?   17 

A:   It does not appear any Game Production Areas within the project area will 18 

be impacted by the project. There are six walk-in-area parcels within the 19 

project area; three turbines are planned on these properties. These 20 

properties are privately owned and an agreement with GFP opens them to 21 

free public access for hunting. Should a Walk-In Area be temporarily 22 

disrupted for construction, GFP would ask we are involved with those 23 
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discussions to determine whether any action required from our agency to 1 

notify the public.  2 

 3 

For clarification, Game Production Areas and Waterfowl Production Areas 4 

are not private land leased by GFP. Game Production Areas are owned by 5 

the State of South Dakota and managed by GFP. Waterfowl Production 6 

Areas are publicly owned and managed by the US Fish and Wildlife 7 

Service. 8 

 9 

Q:  Does the GF&P have any recommendations to protect those GF&P 10 

lands or other public lands?   11 

A:   The state does not have an established set-back policy or 12 

recommendation for wind turbine placement in proximity to state 13 

properties such as Game Production Areas.  Set-back policies have been 14 

established at local levels by local government entities and in some 15 

instances have been suggested as the potential set-back distance from 16 

state properties.  At this time it is the state’s belief that these types of 17 

policies be established at the local level and at the discretion of the PUC 18 

Commission to impose such set-backs when considering wind energy 19 

permits. 20 

 21 
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Q:  If the final turbine locations changed from those provided in the 1 

proposed turbine layout, could the potential terrestrial environment 2 

impacts change? 3 

A:   Yes.  4 

 5 

Q:  You mentioned the applicant requesting data from the Natural 6 

Heritage Database. What is the South Dakota Natural Heritage 7 

database? What type of information does it contain? 8 

A:  The South Dakota Natural Heritage database tracks species at risk. 9 

Species at risk are those that are listed as threatened or endangered at 10 

the state or federal level or those that are rare. Rare species are those 11 

found at the periphery of their range, those that have isolated populations 12 

or those for which we simply do not have extensive information on.  13 

 14 

This database houses and maintains data from a variety of sources 15 

including site-specific surveys, research projects and incidental reports of 16 

species that cover a time period from 1979 to the present. It is important to 17 

note that the absence of data from this database does not preclude a 18 

species presence in the proposed project area.  19 

 20 

Q:  In summary, does GF&P offer any specific permit recommendations 21 

should the permit be granted? 22 
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A:  Game, Fish & Parks would suggest performing post-construction avian 1 

and bat mortality monitoring for at least two years; one year of post-2 

construction surveys is currently proposed by the developer in the PUC 3 

application to confirm operational trends are consistent with previously 4 

observed trends for other projects in the region. That consistency would 5 

have more assurance with two years of data. 6 

Additionally, GFP recommends post-construction grouse lek monitoring of 7 

confirmed leks less than 1 mile from proposed turbines. This data could be 8 

useful information for future discussions around cumulative effects of wind 9 

energy development on prairie grouse.  We also recommend consultation 10 

between the developers, GFP and the US Fish and Wildlife Service on 11 

proposed survey methodology for post-construction lek monitoring.  GFP 12 

would request a copy of any future report to be shared with the US Fish 13 

and Wildlife Service and GFP.  14 

 15 

Q:  Does this conclude your testimony? 16 

A:  Yes. 17 

 18 

Bauman, P., B. L. Carlson, and T. Butler. 2016. Quantifying undisturbed (native) 19 

lands in eastern South Dakota: 2013. South Dakota State University. 20 

Loesch, C. R., J. A. Walker, R. E. Reynolds, J. S. Gleason, N. D. Niemuth, S. E. 21 

Stephens, and M. A. Erickson. 2013. Effect of wind energy development 22 
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on breeding duck densities in the Prairie Pothole Region. The Journal of 1 

Wildlife Management 77:587-598. 2 

Shaffer, J. A., and D. A. Buhl. 2016. Effects of wind-energy facilities on breeding 3 

grassland bird distributions. Conservation Biology 30:59-71. 4 

 5 
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Thomas R. Kirschenmann 
2206 Stratford Place 

Pierre, SD  57501 
(605) 773-4192 (w)   (605) 494-0241 (h) 
Tom.Kirschenmann@state.sd.us (work) 

kirsch@pie.midco.net (home) 
 
 
Education: Eureka High School, Eureka, SD, 1989 

BS:  Wildlife and Fisheries Sciences, South Dakota State University, May 1993 
MS: Wildlife Management, South Dakota State University, May 1996 

   
  Certifications:   

Certified Wildlife Biologist, The Wildlife Society, July 2000 
  Level III Career Development Training, SD GF&P, 2007 
______________________________________________________________________________ 
 
Experience:  

SOUTH DAKOTA GAME, FISH, AND PARKS, Pierre, SD 
Wildlife Division Deputy Director (2016 - present) & Chief of Terrestrial Resources (11/08 - 
present) 
Supervisor:  Tony Leif, Director, Division of Wildlife, 605-773-4518 
 
 Serve as the Wildlife Division’s Deputy Director to assist with the overall management of the 

Division. 
 Coordinate the management and research of game and non-game species statewide. 
 Coordinate the management of the Departments habitat programs, including the private lands 

programs, public lands management, access programs, terrestrial environmental assessments, 
and programs related to the federal Farm Bill. 

 Oversee a staff that includes a Program Administrator for Wildlife, Habitat and Wildlife 
Damage programs and 23 biologists. 

 Serve as the Department’s liaison or representative for several state and federal agencies and 
associated committees. 

 Coordinate with non-government organizations, constituency groups, and agricultural groups 
on resource management programs, projects, and issues. 

 Manage an annual budget of approximately $16M which includes research, direct payments to 
landowners for habitat, hunting access, and wildlife damage, and contracts to complete 
surveys, programs, and projects. 

 Lead rules promulgation process for respective duties by presenting to the GFP Commission 
and assisting in writing administrative rules. 

 
 
SOUTH DAKOTA GAME, FISH, AND PARKS, Pierre, SD 
Wildlife Program Administrator, Game Management (12/07 – 11/08) 
Supervisor:  George Vandel, Assistant Director, Division of Wildlife, retired 
 
 Coordinated the management and research of all game species statewide. 
 Coordinated the accumulation and organization of data and regional suggestions in the 

development of hunting season recommendations. 
 Drafted action sheets and present season recommendations to GF&P Commission. 
 Assisted with the development and a team member that reviews hunting season applications 

and the Hunting Handbook. 
 Supervised 9 biologists and 1 secretary stationed in five locations across the state. 
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 Served as department representative on committees (wildlife disease boards and poultry 
advisory board) and liaison to the SDSU Diagnostic Lab and APHIS Wildlife Services for 
Avian Influenza monitoring. 

 “Press Release” review team member. 
 Oversaw the Game Budget, including the contractual research projects with SDSU Wildlife 

and Fisheries Department and other academic institutions. 
 Worked with the media addressing game and related issues, including live interviews, 

newspaper articles, and the writing of short articles. 
 Team member in the development and implementation of the Mentored Hunting Program. 
 Presented research and management information at regional meetings, Commission meetings, 

and to conservation organizations. 
 

 
SOUTH DAKOTA GAME, FISH, AND PARKS, Huron, SD 
Sr. Wildlife Biologist (1/05 – 12/07) 
Supervisor:  Tony Leif, Director, Division of Wildlife, 605-773-4518 
 
 Oversaw management and research of upland game species statewide. 
 Directed internal upland game research, analyses, and reports. 
 Part of game staff committee that provided recommendations on all game seasons and license 

allocations. 
 Served as Office Manager at the Huron GF&P District Office: directing day to day activities 

of Resource Biologist and Secretary within the Upland Game Section. 
 Served as field co-leader with waterfowl biologist in the coordination of statewide Avian 

Influenza (AI) sampling. 
 Worked with regional game staff on management, survey, research, and mortality projects. 
 Administered the departments Wildlife Partnership Program for two years and provided 

guidance and direction upon request. 
 Assisted with the coordination of meetings and trainings, including serving as chair person of 

the Prairie Grouse Technical Council (PGTC) meeting in October 2007. 
 Served as department representative on several committees such as Midwest Pheasant Study 

Group, PGTC, Sage Grouse Council, Poultry Advisory Board (AI matters), and the National 
Wild Turkey Federation Technical Representative. 

 Wrote management and scientific reports, as well as magazine and newspaper articles. 
 Conducted presentations internally, as well as landowner and sportsmen club meetings. 

 
 
PHEASANTS FOREVER, INC., St. Paul, MN   

 Regional Wildlife Biologist  
South Dakota & Wyoming (4/00 – 1/05) 
Illinois & Indiana (7/95 – 4/00) 

 Supervisor:  Richard Young, VP Field Operations, 877-773-2070 
  

 Established and maintained chapters comprised of grassroots volunteers and guided them in 
the development of habitat programs, fundraising efforts, and youth programs. 

 Worked with chapters to develop wildlife habitat programs designed to fit the needs for both 
local and regional areas. 

 Directed and assisted chapters with annual fund-raising events.  Wrote grants to support local 
and state habitat efforts. 

 Built partnerships between Pheasants Forever (both chapters and national) with local, state, 
and federal conservation agencies.  Primary PF representative in developing SD Wildlife 
Habitat Extension Biologist (WHEB) program with SD GF&P and SD NRCS. 

 Developed reporting system, submitted reports to GF&P, NRCS, and PF national, wrote 
grants, and some supervisory duties related to the WHEB program. 

 Served on several state and federal habitat committees (State Technical Committee for both 
SD and WY, SD CRP sub-committee, WHIP sub-committee for SD and WY, SD School and 
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Public Lands, Northern Great Plains Joint Venture, Great Lakes and Upper Mississippi Joint 
Venture, IL Pheasant Fund Committee, IN DNR Gamebird Partnership Committee, IL DNR 
Conservation Congress). 

 Organized and conducted wildlife habitat workshops for chapters, landowners, and other 
agency personnel. 

 Established agenda, budget, and organized annual meeting for subgroup of co-Regional 
Wildlife Biologists, while serving as Mentor Group Leader. 

 Wrote newspaper articles, interviewed for radio and TV shows, conducted presentations, and 
distributed newsletters. 

 Educated volunteers about wildlife biology, habitat, wildlife interactions, and counsel on 
current, upcoming, and changes to state and federal conservation programs. 

 
 
SOUTH DAKOTA STATE UNIVERSITY; Brookings, SD  
Graduate Research Assistant (4/93 - 7/95; graduated 1996) 
Supervisor: Dr. Daniel Hubbard, Professor, retired 
Graduate Research Project. 
 
 Research involved the comparison of avian and aquatic invertebrate abundances on 

conventional, organic, and no-till farming systems. 
 Efforts included breeding waterfowl pair counts, waterfowl brood counts, wetland bird 

surveys, upland bird surveys, and aquatic invertebrate sampling. 
 Other duties included surveying aquatic plants and collecting soil seed bank samples. 
 Prepared bi-annual reports for USDA and EPA. 
 
 
SOUTH DAKOTA STATE UNIVERSITY; Brookings, SD 
Research Technician (3/92 - 8/92) 
Supervisor:  Diane Granfors, Graduate Research Assistant 
Seasonal position. 
 
 Assisted with wood duck study determining brood habitat and survival. 
 Built, repaired, and placed wood duck nesting structures. 
 Candled eggs, web tagged ducklings, banded hens, placed radio telemetry collars and 

acquired locations. 
 
 
SOUTH DAKOTA STATE UNIVERSITY; Brookings, SD 
Research Technician (10/90 - 3/91; 10/91 - 3/92) 
Supervisor:  Todd Bogenschutz, Graduate Research Assistant 
Seasonal position. 
 
 Aided on the research study that evaluated corn and sorghum as a winter food source for the 

ring-neck pheasant. 
 Shared duties to feed pen birds on restricted diets. 
 Sampled winter food plots. 
 Assisted in extracting intestinal organs and taking anatomical measurements and weights. 
 
 
SOUTH DAKOTA STATE UNIVERSITY; Brookings, SD 
Research Technician (5/91 - 8/91) 
Supervisor:  John Lott, Graduate Research Assistant 
Seasonal position. 
 
 Worked on yellow perch food habit study. 
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 Used various equipment to sample fish and zooplankton.  Aged fish and processed stomach 
contents.  Sorted and tabulated zooplankton samples. 

 
 
THE NATURE CONSERVANCY, Ordway Prairie, Leola, SD 
Intern/Preserve Worker (5/90 - 8/90) 
Supervisor:  Andy Schollett, Preserve Manager 
Seasonal position. 
 
 Monitored grazing leases and rotations, conducted brome and prairie plant surveys, spraying 

of noxious weeds, fencing and general maintenance. 
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Management and Conservation

Effect of Wind Energy Development on
Breeding Duck Densities in the Prairie
Pothole Region

CHARLES R. LOESCH,1 Habitat and Population Evaluation Team, U.S. Fish and Wildlife Service, 3425 Miriam Avenue, Bismarck, ND 58501,
USA

JOHANN A. WALKER, Great Plains Regional Office, Ducks Unlimited, 2525 River Road, Bismarck, ND 58503, USA

RONALD E. REYNOLDS,2 Habitat and Population Evaluation Team, U.S. Fish and Wildlife Service, 3425 Miriam Avenue, Bismarck,
ND 58501, USA

JEFFREY S. GLEASON,3 Kulm Wetland Management District, U.S. Fish and Wildlife Service, 1 First Street SW, Kulm, ND 58546, USA

NEAL D. NIEMUTH, Habitat and Population Evaluation Team, U.S. Fish and Wildlife Service, 3425 Miriam Avenue, Bismarck, ND 58501,
USA

SCOTT E. STEPHENS,4 Great Plains Regional Office, Ducks Unlimited, 2525 River Road, Bismarck, ND 58503, USA

MICHAEL A. ERICKSON, Kulm Wetland Management District, U.S. Fish and Wildlife Service, 1 First Street SW, Kulm, ND 58546, USA

ABSTRACT Industrial wind energy production is a relatively new phenomenon in the Prairie Pothole
Region and given the predicted future development, it has the potential to affect large land areas. The effects
of wind energy development on breeding duck pair use of wetlands in proximity to wind turbines were
unknown. During springs 2008–2010, we conducted surveys of breeding duck pairs for 5 species of dabbling
ducks in 2 wind energy production sites (wind) and 2 paired reference sites (reference) without wind energy
development located in the Missouri Coteau of North Dakota and South Dakota, USA. We conducted
10,338 wetland visits and observed 15,760 breeding duck pairs. Estimated densities of duck pairs on wetlands
in wind sites were lower for 26 of 30 site, species, and year combinations and of these 16 had 95% credible
intervals that did not overlap zero and resulted in a 4–56% reduction in breeding pairs. The negative median
displacement observed in this study (21%) may influence the prioritization of grassland and wetland resources
for conservation when existing decision support tools based on breeding-pair density are used. However, for
the 2 wind study sites, priority was not reduced.We were unable to directly assess the potential for cumulative
impacts and recommend long-term, large-scale waterfowl studies to reduce the uncertainty related to effects
of broad-scale wind energy development on both abundance and demographic rates of breeding duck
populations. In addition, continued dialogue between waterfowl conservation groups and wind energy
developers is necessary to develop conservation strategies to mitigate potential negative effects of wind
energy development on duck populations.� Published 2012. This article is a U.S. Government work and is
in the public domain in the USA.

KEY WORDS Anas discors, A. platyrhynchos, blue-winged teal, breeding population, mallard, Prairie Pothole Region,
wind energy development, wind turbines.

Millions of glaciated wetlands and expansive grasslands make
the Prairie Pothole Region (PPR) the primary breeding area
for North America’s upland nesting ducks (Batt et al. 1989).
Wetland and grassland loss in the PPR due to settlement and
agriculture has been extensive (Dahl 1990, Mac et al. 1998),

and conversion to agriculture continues to reduce available
habitat for breeding waterfowl and other wetland- and grass-
land-dependent birds (Oslund et al. 2010, Claassen et al.
2011). During recent years, anthropogenic impacts in
the PPR have expanded to include energy development
(e.g., wind, oil, natural gas; see Copeland et al. 2011:
table 2.1). From 2002 to 2011, industrial wind energy
production has increased 1,158% (i.e., 769–9,670 MW),
205% during the past 5 years (United States Department
of Energy [USDOE] 2011). Impacts from wind energy
development including direct mortality from strikes and
avoidance of wind towers and associated infrastructure
have been widely documented for many avian species, in-
cluding raptors, passerines, upland gamebirds, shorebirds,
and waterfowl, as well as bats (Drewitt and Langston
2006; Arnett et al. 2007, 2008; Kuvlesky et al. 2007).
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Wetland habitats in the PPR annually attract and support
>50% of the breeding waterfowl population in North
America (Bellrose 1980). The productivity and subsequent
use of prairie wetlands by breeding ducks in the PPR are
critical for the maintenance of continental duck populations
(Batt et al. 1989, van der Valk 1989). Because of the potential
for extensive wind energy development (USDOE 2008,
2011, Kiesecker et al. 2011), understanding the potential
effect of wind power development on the use of wetland
habitat by breeding duck pairs in the region is critical.
The potential impacts of wind energy development on

breeding ducks are similar to other wildlife reviewed in
Kuvlesky et al. (2007). Breeding pairs may abandon other-
wise suitable wetland habitat, display behavioral avoidance
thereby reducing densities of pairs using wetlands near wind
turbines, and experience mortality from collision with tur-
bines and associated infrastructure. Additionally, indirect
effects on breeding ducks potentially include avoidance of
associated grassland by nesting females, increased predation,
or reduced reproduction. Wind towers and supporting in-
frastructure generally do not directly affect the wetlands
that provide habitat for breeding ducks. However, ducks
are sensitive to many forms of disturbance (Dahlgren and
Korschgen 1992, Madsen 1995, Larsen and Madsen 2000).
Avoidance related to the presence of towers, movement
of blades (e.g., shadow flicker), blade noise (Habib et al.
2007), infrastructure development including roads and trans-
mission lines (Forman and Alexander 1998, Ingelfinger and
Anderson 2004, Reijnen and Foppen 2006), and mainte-
nance activities have been documented for other avian species
and may similarly affect breeding pairs and reduce the use of
wetlands within and adjacent to wind farms.
The presence of wind energy development in high density

wetland and breeding pair habitat in the PPR is relatively
recent, and previous studies of the effects of land-based wind
development on waterfowl (Anatidae) have focused primarily
on collision mortality (Winkelman 1990, Johnson et al.
2000, Gue 2012) and the effect of wind farms on foraging
behavior of wintering and migrating waterfowl (Winkelman
1990, Larsen and Madsen 2000, Drewitt and Langston
2006, Kuvlesky et al. 2007, Stewart et al. 2007). Wind
development appears to cause displacement of wintering
or migrating Anseriformes, and bird abundancemay decrease
over time (Stewart et al. 2007). However, habituation has
been reported for foraging pink-footed geese (Anser brachyr-
hynchos) during winter (Madsen and Boertmann 2008).
Displacement of duck pairs due to wind development could
affect population dynamics similar to habitat loss (Drewitt
and Langston 2006, Kuvlesky et al. 2007). However, little
information exists on how land-based wind development
affects the settling patterns, distribution, and density of
duck pairs during the breeding season.
The number and distribution of breeding duck pairs in the

PPR is related to annual wetland and upland conditions
(Johnson et al. 1992; Austin 2002; Reynolds et al. 2006,
2007; U.S. Fish and Wildlife Service [USFWS] 2012).
Wetland conditions in the PPR vary both spatially and
temporally (Niemuth et al. 2010) and during dry years in

the PPR, waterfowl are displaced to lesser quality habitats
farther north (USFWS 2012) where productivity is generally
reduced (Bellrose 1980). The long-term sustainability of
breeding duck populations is dependent on availability
and use of productive wetlands in the PPR that provide local
breeding pair habitat when they are wet (Johnson and Grier
1988). Avoidance of wetlands near wind energy development
by breeding ducks on otherwise suitable wetland habitat may
result in displacement to lesser quality habitats similar to
the effect of displacement during dry years. Given the rela-
tively large development footprint (i.e., unit area/GW) for
energy produced from wind relative to other energy sources
such as coal (e.g., 7.4 times; wind ¼ 72.1 km2/TW-hr/yr,
coal ¼ 9.7 km2/TW-hr/yr; McDonald et al. 2009) and the
projected growth of the industry (USDOE 2008), a relatively
large land area and subsequently a large number of wetlands
and associated duck pairs in the PPR can potentially be
affected.
We assessed the potential effects of wind energy develop-

ment and operation on the density of 5 common species
of breeding ducks in the PPR of North Dakota and South
Dakota: blue-winged teal (Anas discors), gadwall (A. strepera),
mallard (A. platyrhynchos), northern pintail (A. acuta), and
northern shoveler (A. clypeata). Our objective was to deter-
mine whether the expected density of breeding duck pairs
differed between wetlands located within land-based wind
energy production sites (hereafter wind sites) and wetlands
located within paired sites of similar wetland and upland
composition without wind development (hereafter reference
sites). We predicted that if disturbance due to wind energy
development caused avoidance of wetlands by breeding duck
pairs, then expected density of breeding pairs would be
lower on wind energy development sites. We interpreted
differences in estimated breeding pair densities between
paired wind energy development sites and reference sites
in the context of the current Prairie Pothole Joint Venture
(PPJV) waterfowl conservation strategy for the United States
PPR (Ringelman 2005).

STUDY AREA

We selected operational wind energy and paired reference
sites as a function of the geographic location, the local
wetland community and its potential to attract breeding
pairs (i.e.,�40 pairs/km2; Reynolds et al. 2006), and wetland
conditions. In 2008, 11 wind farms were operational in the
PPR of North and South Dakota, USA. Of those, only 3
were located in areas with the potential to attract relatively
large numbers of breeding duck pairs for the 5 species in this
study (Loesch et al. 2012, OpenEnergyInfo 2012). We
identified 2 existing wind energy production sites in the
Missouri Coteau physiographic region (Bluemle 1991) of
south-central North Dakota, USA, and north-central South
Dakota, USA (Fig. 1). Both wind sites contained wetland
communities with the potential to attract an estimated 46
breeding duck pairs/km2 (mean density ¼ 8.5 pairs/km2 for
the PPR; Reynolds et al. 2006, Loesch et al. 2012). The
Kulm-Edgeley (KE) wind energy development consisted of
41 towers in a cropland-dominated landscape (e.g., 83% of
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uplands were cropland; Table 1) and was located 3.2 km east
of Kulm, North Dakota, USA. The Tatanka (TAT) wind
energy development, consisted of 120 towers in a perennial
cover-dominated landscape (e.g., 92% of uplands were pe-
rennial cover; native grassland, idle planted tame grass, alfalfa
hay; Table 1) and was located 9.7 km northeast of Long
Lake, South Dakota, USA. The KE site began operation in
2003; approximately 50% of the TAT towers were opera-
tional by 28 April 2008 and all were operational by 21
May 2008. Turbine locations were on-screen digitized using

ESRI ArcGIS 9.2 software (ArcGIS Version 9.2,
Environmental Systems Research Institute, Redlands, CA)
and United States Department of Agriculture National
Aerial Imagery Program (NAIP) imagery (ca. 2007).
The potential zone of influence for breeding waterfowl

from a wind turbine to a wetland during the breeding season
is unknown. The limited research that has been conducted to
measure displacement of birds in grassland landscapes has
primarily targeted migratory grassland passerines, and has
identified relatively short (e.g., 80–400 m) distances (Leddy
et al. 1999, Johnson et al. 2000, Shaffer and Johnson 2008,
Pearce-Higgins et al. 2009). Compared to grassland passer-
ines, waterfowl have relatively large breeding territories and
mallards use multiple wetlands within their home range (e.g.,
10.36 km2 generalized to a circle based on a 1,608 m radius;
Cowardin et al. 1988). Because the objective of this study was
to test the potential effects of wind energy development on
breeding duck pair density and not to identify a potential
zone of influence, we chose a buffer size with the objective to
spatially position sample wetlands in proximity to 1 or many
turbines where a potential effect of wind energy development
would likely be measurable. Consequently, we used the
generalized home range of a mallard hen and buffered
each wind turbine by 804 m (i.e., half the radius of a circular
mallard home range; Cowardin et al. 1988), to ensure overlap
of breeding territories with nearby wind turbines. The wind
sites contained different numbers of turbines and as a result
the sites were not equally sized (KE wind site ¼ 2,893 ha;
TAT wind site ¼ 6,875 ha; Fig. 1).
We derived wetland boundaries from digital USFWS

National Wetlands Inventory (NWI) data. We post-proc-
essed NWI wetlands to a basin classification (Cowardin et al.
1995, Johnson and Higgins 1997) where we combined com-
plex wetlands (i.e., multiple polygons describing a basin) into
a single basin and then classified them to the most permanent
water regime (Cowardin et al. 1979). Wetlands partially or
completely within the buffer areas were considered treatment
wetlands.
For each of the 2 wind sites, we employed a rule-based

process to select paired sites to control for differences in
wetland and landscape characteristics among sites. We first

Figure 1. Paired study sites with and without wind energy development
surveyed for breeding waterfowl pairs in North Dakota and South Dakota,
USA, 2008–2010.

Table 1. Characteristics of wetland (i.e., number, area [ha], % of total wetland area) and upland (i.e., area [ha], % of total upland area) areas in development
(wind) and paired reference sites in North Dakota and South Dakota, USA, where we surveyed wetlands for breeding duck pairs during spring 2008, 2009, and
2010. Sites included Kulm-Edgely (KE) and Tatanka (TAT) Wind Farms.

Class

KE wind KE reference TAT wind TAT reference

Number Area % Number Area % Number Area % Number Area %

Wetland
Temporary 272 41.4 9 283 41.7 7 362 29.9 3 462 97.3 8
Seasonal 372 167.2 37 240 347.3 55 917 253.5 29 815 419.9 36
Semi-permanent 37 239.5 53 37 242.9 38 322 581.7 67 231 636.5 55
Total 681 448.1 560 631.9 1,601 865.0 1,508 1,153.7

Upland
Perennial covera 416.3 16 1,324.4 37 5,428.4 92 6,039.7 85
Cropland 2,120.5 83 2,232.8 63 455.3 8 1,064.1 15
Other 6.6 <1 13.4 <1 18.3 <1 11.4 <1
Total 2,543 3,570.6 5,902.1 7,115.2

a Includes native grassland, undisturbed grassland, and alfalfa hay landcover classes.
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considered physiographic region and proximity to wind sites
when identifying potential reference sites. To reduce the
potential for environmental variation, especially wetness
(Niemuth et al. 2010), between wind and reference sites,
we only considered sites <25 km from the nearest turbine
and within the Missouri Coteau physiographic region.
Additionally, we assumed that wetlands >2.5 km from
the nearest turbine were beyond a potential zone of influence.
Using the distance and physiographic region criteria, we
identified 3 potential reference sites of similar size for
each wind site based on upland land use (i.e., proportion
of cropland and perennial cover) and wetland density. For
the 6 potential sites, we compared the wetland number and
area (ha) for each class (i.e., temporary, seasonal, semi-
permanent) between each potential reference site and the
respective wind site to select the most similar reference site
(Table 1). The KE reference site was located 11.3 km west of
the KE wind site and the TAT reference site was located
3.2 km northwest of the TAT wind site (Fig. 1).
We identified 5,146 wetland basins encompassing 3,410 ha

from NWI data within the wind and reference sites and
considered each wetland a potential sample basin. Only
temporary, seasonal, and semi-permanent basins were pres-
ent at the wind sites so we did not survey lake wetlands at
reference sites. We did not survey basins that extended
>402 m from the boundary of a site to eliminate linear
wetlands that potentially extended long distances from the
wind and reference sites.

METHODS

Surveys
We surveyed sample wetlands during spring 2008, 2009, and
2010 to count local breeding duck pairs. We used 2 survey
periods (i.e., 28 April–18 May, early; and 21 May–7 June,
late) to account for differences in settling patterns for the
5 species (Stewart and Kantrud 1973, Cowardin et al. 1995)
and to reduce potential bias associated with differences in
breeding chronology among species (Dzubin 1969, Higgins
et al. 1992, Naugle et al. 2000). We divided the wind and
reference sites into 3 crew areas to spatially distribute survey
effort across the sites, and crews of 2 observers conducted
surveys on each of the 3 crew areas daily. The detection
probability of duck pairs was likely not equal among observ-
ers (Pagano and Arnold 2009) and we minimized potential
confounding of detection, observer, and survey area by ro-
tating observers among crew areas and partners daily.
Additionally, our analytical approach was not to compare
population estimates for wind and reference sites, which may
require development of correction factors (Brasher et al.
2002, Pagano and Arnold 2009), but rather to compare
expected rates of pair abundance. Consequently, we assumed
non-detection of ducks to be equal among all sites.
We surveyed wetlands within each crew area in a 2.59-km

grid pattern based on public land survey sections (PLSS).We
used maps with NAIP imagery and wetland basin perimeters
from NWI to assist orientation and navigation to survey
wetlands. Permission, accessibility, wetness, numbers of wet-

lands, size of wetlands, and numbers of birds affected the rate
at which we surveyed PLSS. Surveys began at 0800 hours
and continued until 1700 hours and were discontinued dur-
ing steady rainfall or winds exceeding 48 km/hr. We sur-
veyed most wetlands twice each year, once during each
survey period. We visited all sample wetlands during the
early survey period. We did not revisit wetlands that were
dry during the early survey. Annual changes in access per-
mission and wetland conditions due to precipitation resulted
in some basins being surveyed during only 1 of the survey
periods.
During the breeding season, waterfowl assemble into vari-

ous social groupings that are influenced by sex ratios, breed-
ing phenology, and daily activities (Dzubin 1969). We
counted social groups of the 5 target species using established
survey protocols (Hammond 1969, Higgins et al. 1992,
Cowardin et al. 1995, Reynolds et al. 2006) and recorded
observations for all sample wetlands that contained surface
water regardless of whether birds were present or absent. We
summarized field observations into 7 social groupings that
we subsequently interpreted to determine the number of
indicated breeding pairs for each species, basin, and survey
period (Dzubin 1969, Cowardin et al. 1995). On average, the
first count period (late April–early May) is regarded as an
acceptable approximation of the breeding population for
mallard and northern pintail (Cowardin et al. 1995,
Reynolds et al. 2006). Consequently, we used observations
during the early survey period to determine the number of
indicated breeding pairs for mallard and northern pintail.
Similarly, the second count period (late May–early June) is
generally used to approximate the breeding population of
blue-winged teal, gadwall, and northern shoveler (Cowardin
et al. 1995, Reynolds et al. 2006) and we used observations
during the late survey period to determine the number of
indicated breeding pairs for these 3 species. We used indi-
cated breeding pairs as the response variable in our models of
estimated duck pairs.
We reduced disturbance during surveys by observing

wetlands from 1 or more distant, strategic positions. We
approached and surveyed portions of basins that were ob-
scured by terrain or vegetation on foot. We noted birds
leaving the wetland because of observer disturbance to mini-
mize recounting on wetlands that we had not yet surveyed.
We estimated the proportion of the wetland that was wet
by visually comparing the surface water present in the
basin relative to the wetland extent displayed on the field
map. We recorded basins with no surface water as dry and
not surveyed.
We used NAIP (ca. 2009) and on-screen photo-interpre-

tation to develop a categorical variable describing the land-
cover of uplands (i.e., cropland, native grassland, idle planted
tame grass, alfalfa hayland) adjacent to or surrounding all
wetlands on the wind and reference sites. For wetlands
touching multiple upland landcover classes, we assigned
the class based on the largest wetland perimeter length.
The exception was for idle planted tame grass, where we
assigned the class if it touched any length of a wetland
perimeter because of the limited presence of this class in
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the landscape and its positive influence on pair settling
densities (Reynolds et al. 2007).

Data Analysis

The objective of our analysis was to compare estimates of
expected wetland-level abundance of breeding pairs on the
wind and reference sites among years. We used past analyses
of breeding duck pairs in the United States PPR and their
relationship to wetland and upland parameters to inform the
selection of candidate covariates (Cowardin et al. 1988, 1995;
Reynolds et al. 1996). Wetland-level covariates included
wetland class (i.e., seasonal, semi-permanent, or temporary;
Johnson and Higgins 1997), surface area of water in NWI
basin (wet area), and square root (sqrt) of wet area to reflect
the non-linear response to wetland area demonstrated by
breeding ducks in the PPR (Cowardin et al. 1988, 1995;
Reynolds et al. 2006). We used a categorical variable for
upland landcover (i.e., perennial cover, cropland) adjacent to
the wetland for the only upland covariate (Reynolds et al.
2007).
Generalized linear models with Poisson errors provided

an appropriate statistical framework for the analysis
(McCullagh and Nelder 1989, McDonald et al. 2000).
Preliminary summaries of the breeding pair data showed,
however, that all 5 species displayed indications of over-
dispersion relative to standard Poisson assumptions (i.e.,
both excess zeros and infrequent large counts; Appendix
A, available online at www.onlinelibrary.wiley.com; Zuur
et al. 2007). We addressed these challenges, while maintain
an approach consistent with past studies by conducting a 2-
stage analysis.We began by selecting appropriate models and
subsets of the covariates using a likelihood-based approach.
Then we used a simulation-based Bayesian approach to
estimate parameters of species-specific statistical models,
site- and year-level contrasts between wind and reference
sites, and lack-of-fit statistics. Our combined approach
allowed us to take advantage of the strengths of both
approaches (Royle and Dorazio 2008:74–75) to provide a
thorough analysis of the data.
We analyzed indicated breeding pairs from counts for each

of the 5 study species using separate models. Full Poisson
regression models described expected breeding pairs as a log-
linear function of site, year, wetland class, landcover, wet
area, and sqrt (wet area). We used Akaike’s Information
Criterion (AIC) differences (Burnham and Anderson
2002) to compare full Poisson models with Zero-Inflated
Poisson (ZIP) models. The ZIP models partially accounted
for potential excess zeros due to 2 sources: 1) non-detections
and 2) unoccupied, but suitable, wetlands. The ZIP models
described the data as a mixture of the counts described by the
log-linear model and a mass of excess zeros described by a
logit-linear model (Zuur et al. 2007). We conducted a
comparison of Poisson and ZIP models between the full
Poisson model and ZIP model that included a single addi-
tional parameter describing the expected probability of a false
zero. When AIC differences indicated the ZIP model was
more appropriate (i.e., AICPoisson � AICZIP � 4), we used
ZIP models for all subsequent analysis. When ZIP models

were selected, the full logit-linear model for excess zeros
included covariates describing the upland vegetation cover
class associated with each wetland (cover class; Stewart and
Kantrud 1973), the area of the NWI basin covered by water
(wet area), and the square root of wet area.
We expected that the full models would likely be most

appropriate for the study species, as they were parameterized
with covariates that have been identified as useful predictors
of pair abundance in the Four-Square-Mile Breeding
Waterfowl Survey (FSMS) dataset, which has been collected
by the USFWS National Wildlife Refuge System since 1987
(Cowardin et al. 1995; Reynolds et al. 2006, 2007).
Nonetheless, we sought to efficiently use the information
in our less-extensive dataset by ensuring that we had selected
a parsimonious subset of the covariates for each species-
specific model. We removed a single covariate, or group
of covariates in the case of factor variables, from the full
model, ran the resulting reduced model, and recorded its
AIC value (Chambers 1992, Crawley 2007:327–329). We
repeated this procedure for every covariate. This resulted in a
vector of AIC values that described, for each covariate, or
covariate group, the effect of its removal on the AIC value of
the full model. Reduced models for each species contained
the set of covariates in the full model or the subset of
covariates that resulted in increases in AIC values greater
than 2 units per estimated parameter when they were re-
moved from the full model (Arnold 2010).
After selecting a model structure for each species, we

estimated the posterior distributions of model parameters
with Markov Chain Monte Carlo (MCMC) simulation
(Link and Barker 2009) in the Bayesian analysis software
WinBUGS 1.4.1 (Spiegelhalter et al., 2003). The structure
of the Bayesian ZIP models differed from the maximum
likelihood models in 2 ways. The 12 site and year combi-
nations were hierarchically centered and parameterized as
normally distributed displacements from a common intercept
(Gelman et al. 2004, Congdon 2005), and extra-Poisson
variation due to large wetland-level counts was accommo-
dated by a normally distributed error term (Appendix B,
available online at www.onlinelibrary.wiley.com).
We conducted all statistical analyses in the R environment

(RDevelopment Core Team 2011).We used the generalized
linear models capability of base R and the contributed pack-
age pscl (Jackman 2008) to estimate likelihoods and AIC
values for Poisson and ZIP models. When selecting models
and subsets of the covariates, we considered AIC differences
greater than 4 to provide good evidence in favor of the model
with the smaller value (Burnham and Anderson 2002). To
generate Bayesian estimates of model parameters, we used
the contributed R2WinBugs (Sturtz et al. 2005) package to
run MCMC simulations in WinBUGS via R. For each
model, we ran 2 Markov chains for 500,000 iterations and
discarded the first 100,000 iterations from each chain to
minimize the influence of starting values and prior distribu-
tions. We used minimally informative prior distributions
and random starting values for model parameters and ran-
dom effects. We evaluated convergence to the posterior
distribution by examining plots of sequential draws for
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each parameter and also by the Gelman–Rubin statistic
(Gelman et al. 2004). We estimated the number of uncorre-
lated samples generated by each Markov Chain by the
Effective Sample Size (ESS; Kass et al. 1998, Streftaris
and Worton 2008). We required at least 200 uncorrelated
samples per chain for inference. We considered a model to
have converged when its Gelman–Rubin statistic was <1.1
and the plots of sequential draws indicated that the chains
had stabilized and were sampling from a similar space
(Gelman et al. 2004). We tested for lack-of-fit of the model
using a posterior predictive test (Gelman et al. 2004).
Specifically, we compared the variance-mean ratio for the
observed data to the variance-mean ratio of simulated data
generated from the posterior draws of model parameters. We
concluded that the model fit the data if the posterior pro-
portion of simulated variance-mean ratios that exceeded the
observed variance-mean ratio was greater than 0.01 and less
than 0.99 (Congdon 2005). We then used the CODA
(Plummer et al. 2009) package to summarize the posterior
distributions of model parameters, convergence diagnostics,
and derived quantities like lack-of-fit statistics and back-
transformed estimates of abundance. Using the 800,000
posterior simulations from each model, modal values of
categorical covariates, and median values of continuous cova-
riates, we calculated species-, site-, and year-specific medians
and 95% credible intervals of 1) the estimated posterior
distribution of the log-scale model parameters, 2) the esti-
mated posterior distribution of expected pair abundance on
wetlands of median area, and 3) the estimated posterior
distribution of the back-transformed contrast in expected
pair abundance between wind and reference sites in each
year. These quantities provided the basis for comparison of
pair abundance between wind and reference sites.
We used point estimates of pair density for the median

seasonal wetlands size (i.e., 0.2 ha) in grassland to assess the
potential effect of wind energy development on breeding
duck pair densities. We selected seasonal wetlands because
they were the most numerous wetlands in our sample (58%)
and because breeding duck pairs use seasonal wetlands at
greater rates than other wetland classes (see Reynolds et al.
2006, 2007; Loesch et al. 2012); most pairs (54%) were
observed on seasonal wetlands.
We evaluated the potential impact of wind energy devel-

opment from both a statistical and biological perspective.We
compared point estimates of density among sites and within
years to either support or reject an effect. We assessed the
potential biological impact of breeding pair avoidance of
wind sites by calculating the proportional change in the
estimated density of pairs between wetlands in wind and
reference sites for each species and year. The percent change
reflects the potential impact to breeding duck populations in
the presence of wind energy development.

RESULTS

As a result of variable wetland conditions both within and
among years, and annual changes in access to private land, we
surveyed different numbers and area of wetland basins each
year. Water levels in wetlands were low during 2008 and 35%

of wetland basins visited during the early count contained
water and generally were only partially full (e.g., seasonal
regime, mean ¼ 54% full, n ¼ 684). Water levels increased
in 2009 and 2010 and only 15% of 2,464 and 12% of 3,309
wetland basins, respectively, were dry during the early count.
Basins containing water were also more full during 2009
(e.g., seasonal basin mean ¼ 103% full, n ¼ 1,089) and 2010
(e.g., seasonal basin mean ¼ 93% full, n ¼ 1,407). We con-
ducted 5,339 wetland visits during the early count and
4,999 wetland visits during the late count. During the early
count, we observed 5,287 indicated breeding pairs of mallard
(3,456 [range ¼ 146–552]) and northern pintail (1,831
[range ¼ 51–310]), and 10,473 indicated breeding pairs of
blue-winged teal (5,886 [range ¼ 180–984]), gadwall (2,839
[range ¼ 75–506]), and northern shoveler (1,748 [range ¼
55–318]) during the late count.

Model Selection and Estimation
Our ZIP models provided a substantially better fit than
Poisson models for every species. Differences in AIC
(AICpoisson � AICzip) were 426 for blue-winged teal, 137
for gadwall, 218 for mallard, 384 for northern pintail, and
78 for northern shoveler. All of the covariates in the full
model were retained for mallard, northern pintail, blue-
winged teal, and northern shoveler. Wetland class was
dropped for gadwall. Differences in AIC between the full
model and the nearest reduced model were 11 for blue-
winged teal, 3 for gadwall, 26 for mallard, 6 for northern
pintail, and 29 for northern shoveler. The MCMC simu-
lations converged for every species-specific model, indicating
that the parameter estimates and credible intervals from
these models provided a sound basis for inference. The
maximum upper 95% credible interval of all R-hat values
for any structural parameter was 1.01 for blue-winged teal,
1.01 for gadwall, 1.01 for mallard, 1.02 for northern pintail,
and 1.04 for northern shoveler. The posterior predictive test
indicated that the models fit the data for every species. The
proportion of simulated variance-mean ratios that exceeded
the observed variance-mean ratio was 0.52 for blue-winged
teal, 0.75 for gadwall, 0.61 for mallard, 0.59 for northern
pintail, and 0.72 for northern shoveler. Minimum effective
sample sizes were 709 for blue-winged teal, 553 for gadwall,
307 for mallard, 346 for northern pintail, and 612 for north-
ern shoveler.

Estimates
Differences in estimated breeding duck pair densities in a
wind site and a reference site varied among site pairs (2),
years (3), and species (5), and posterior median values of
these 30 contrasts ranged from �0.281 to 0.130 (Table 2).
Estimated patterns of contrasts for expected breeding duck
pair density between wind and reference sites were similar for
all species. Given median wet area and the mode of the
categorical covariates, expected, basin-level densities of
duck pairs for the 5 species was either statistically indistin-
guishable (14 of 30) between wind and reference sites or was
lower (16 of 30) on wind sites than reference sites depending
on site, year, and species (Fig. 2). Regardless of whether 95%
credible intervals overlapped zero, density estimates were
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lower on sites with wind development for 26 of the 30
combinations (i.e., mallard and blue-winged teal: 12 combi-
nations, 11 negative [range �6% to �36%]), 7 did not
overlap zero; gadwall, northern pintail, northern shoveler:
18 combinations, 15 negative [range �5% to �56%], 9 did
not overlap zero). The general pattern of results were similar
for all species, consequently, we chose a representative early
and late arriving species with the largest number of indicated
breeding pairs, mallard and blue-winged teal, respectively,
for detailed presentation of results.

Mallard and Blue-Winged Teal

Mallard and blue-winged teal comprised 59% of the
indicated breeding pair observations (i.e., 3,473 mallard;
5,928 blue-winged teal). Full models were retained
for both mallard and blue-winged teal, and the point
estimate of density was greatest in 2008 for both KE
and TAT sites, but varied among years and sites (mallard:
wind median ¼ 0.42 [range ¼ 0.30–1.03], reference
median ¼ 0.41 [range ¼ 0.21–0.97]; blue-winged teal:
wind median ¼ 0.51 [range ¼ 0.42–0.94], reference
median ¼ 0.66 [range ¼ 0.47–0.96]). For mallard, estimat-
ed breeding pair densities on seasonal wetlands at wind sites
were lower for 5 of the 6 site-year combinations (median ¼
0.11, range ¼ �0.28 to 0.11) and error bars representing
95% of the posterior distribution of the estimate did not

overlap zero for 4 of the 6 site-year comparisons (Fig. 2A).
Similarly, for blue-winged teal in 5 of the 6 site-year combi-
nations, estimated pair densities were lower for seasonal
wetlands on wind sites (median ¼ �0.14, range ¼ �0.24
to <0.01) and error bars representing 95% of the posterior
distribution of the estimate did not overlap zero for 3 of the
6 site-year comparisons (Fig. 2B). Only 1 site-year combi-
nation for each of mallard and blue-winged teal suggested
greater pair densities on wind sites, but in both cases 95%
confidence intervals overlapped zero.
The estimated proportional change of mallard pair densi-

ties for wetlands in wind sites was negative in 5 of 6 site-year
combinations (median ¼ �10%, range ¼ 13% [TAT 2008]
to �34% [KE 2009]; Fig. 3A). The proportional change for
blue-winged teal was also negative in 5 of 6 site-year combi-
nations (Fig. 3B). The median estimate of proportional
change for blue-winged teal densities between wind and
reference sites was �18% (range 0% [KE 2009] to �36%
[KE 2010]).

DISCUSSION

All 5 of our dabbling duck study species demonstrated a
negative response to wind energy development and the re-
duced abundance we observed was consistent with behavioral
avoidance. Avoidance of land-based wind energy develop-
ment has been observed for numerous avian species during

Table 2. Log-scale estimated posteriormedians and 95%of the estimated posterior distribution from the count portion of a zero-inflated, overdispersed Poisson
model of indicated blue-winged teal (Anas discors [BWTE]), gadwall (A. strepera [GADW]), mallard (A. platyrhynchos [MALL]), northern pintail (A. acuta
[NOPI]), and northern shoveler (A. clypeata [NSHO]) pairs on seasonal wetland basins for development (wind) and paired reference sites in North Dakota and
South Dakota, USA. Sites are Kulm-Edgely (KE) and Tatanka (TAT) for years 2008 (08), 2009 (09), and 2010 (10).

Species Site Year

Reference Wind

Median 2.5% 97.5% Median 2.5% 97.5%

MALL KE 08 0.47 0.21 0.73 0.15 �0.13 0.43
KE 09 �0.49 �0.78 �0.22 �0.90 �1.17 �0.64
KE 10 �0.42 �0.66 �0.20 �0.77 �1.04 �0.51
TAT 08 0.29 0.02 0.56 0.41 0.17 0.65
TAT 09 �0.38 �0.61 �0.14 �0.63 �0.89 �0.38
TAT 10 �0.33 �0.55 �0.10 �0.47 �0.71 �0.22

BWTE KE 08 �0.13 �0.25 �0.00 0.22 0.01 0.45
KE 09 �0.46 �0.66 �0.27 �0.52 �0.74 �0.32
KE 10 �0.13 �0.30 0.04 �0.58 �0.78 �0.39
TAT 08 0.25 0.06 0.45 0.18 0.01 0.36
TAT 09 �0.15 �0.32 0.02 �0.39 �0.58 �0.21
TAT 10 0.03 �0.12 0.19 �0.19 �0.36 �0.02

NOPI KE 08 �0.25 �0.61 0.12 �0.80 �1.24 �0.39
KE 09 �0.80 �1.16 �0.45 �1.54 �1.93 �1.17
KE 10 �0.72 �1.01 �0.42 �1.20 �1.56 �0.87
TAT 08 �0.10 �0.46 0.27 0.16 �0.15 0.48
TAT 09 �0.35 �0.63 �0.06 �0.76 �1.07 �0.44
TAT 10 �0.15 �0.41 0.13 �0.38 �0.67 �0.07

GADW KE 08 0.09 �0.17 0.37 �0.13 �0.43 0.18
KE 09 �0.52 �0.77 �0.28 �0.91 �1.19 �0.64
KE 10 �0.61 �0.83 �0.38 �1.42 �1.72 �1.14
TAT 08 0.07 �0.18 0.34 0.17 �0.05 0.41
TAT 09 �0.46 �0.69 �0.22 �0.55 �0.81 �0.29
TAT 10 �0.69 �0.92 �0.46 �0.62 �0.86 �0.38

NSHO KE 08 �0.35 �0.61 �0.08 �0.49 �0.79 �0.18
KE 09 �0.91 �1.17 �0.67 �1.00 �1.29 �0.73
KE 10 �0.78 �1.00 �0.57 �1.11 �1.39 �0.85
TAT 08 �0.23 �0.49 0.00 �0.30 �0.52 �0.08
TAT 09 �0.59 �0.80 �0.37 �0.99 �1.25 �0.74
TAT 10 �0.36 �0.55 �0.16 �0.69 �0.90 �0.47
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breeding (Leddy et al. 1999, Johnson et al. 2000, Walker
et al. 2005, Shaffer and Johnson 2008, see Madders and
Whitfield 2006), and does not imply complete abandonment
of an area but rather the reduced use of a site (Schneider et al.
2003). This is consistent with our results, where breeding
pairs continued to use wetland habitat at the wind sites but at
reduced densities.
Our selection of paired wind and reference sites and ana-

lytical approach were designed to control for differences in
site characteristics and annual variation in habitat conditions,
and to use well-understood relationships between breeding
duck pairs and wetlands (Cowardin et al. 1995; Reynolds
et al. 2006, 2007). Despite the large amount of breeding pair
data we collected, discerning if the presence of wind energy
development was the ultimate cause of the lower estimated
pair abundance on the wind versus reference sites is difficult.
However, we did detect a directional effect of wind energy
development sites over a 3-year period at the 2 sites that are
representative of areas with greater estimated duck densities,
and adds to the body of evidence suggesting a negative effect
of wind energy development. Reduced wetland use in high
density wetland areas with the potential to attract and sup-
port relatively greater densities of breeding duck pairs is of
concern to waterfowl biologists and managers because when
wet, these areas are vital to the sustainability of North

American duck populations. The somewhat limited temporal
and geographic scope of our study and confounding
between land use and duration of development prevents us
from drawing strong conclusions about cumulative effects of
wind energy development on breeding ducks (see Krausman
2011). Nonetheless, a 10–18% reduction in addition to other
stressors is potentially substantial.
We observed larger negative displacement for most species

and years in the KE wind site when compared to the TAT
wind site. We found 2 notable differences in the wind sites
that may have contributed to these results, the land use and
age of development. The KE site was predominantly crop-
land and older than the grassland-dominated TAT site. The
combination of multiple stressors, in this case agriculture and
wind energy development, may have resulted in a greater
impact to breeding ducks using wetlands in agricultural
settings. Differences in estimated pair abundance between
the cropland and grassland site suggest that greater habitat
quality measured by the percent of grassland area and lack of
cropping history in associated wetlands within a site may
reduce avoidance of wind development when compared to
agricultural landscapes. Breeding waterfowl may occupy wet-
lands at greater rates in grassland than cropland (Reynolds
et al. 2007), nest success is generally greater in grasslands
(Greenwood et al. 1995, Reynolds et al. 2001, Stephens et al.

Figure 2. Year-specific estimated differences between estimated posterior median abundance of mallard (Anas platyrhynchos; A), blue-winged teal (A. discors; B),
gadwall (A. strepera; C), northern pintail (A. acuta; D), and northern shoveler (A. clypeata; E) on a seasonal wetland ofmedian area (0.2 ha) embedded in perennial
cover on a wind site and its corresponding reference site in North Dakota and South Dakota. Error bars represent 95% of the posterior distribution of the
estimate. Site-year combinations are Kulm-Edgely (KE) and Tatanka (TAT) for 2008 (08), 2009 (09), and 2010 (10).
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2005), and wetlands in grass landscapes have greater occu-
pancy rates by duck broods (Walker 2011), suggesting an
overall greater productivity potential for breeding ducks in
grassland versus cropland landscapes. The ability of intact
habitat to reduce impacts of energy development is supported
in current literature. In Wyoming, sage-grouse (Centrocercus
urophasianus) residing in a fragmented landscape showed a
3 times greater decline in active leks at conventional coal bed
methane well densities (1 well per 32 ha) than those in the
most contiguous expanses of Wyoming big sagebrush
(Artemisia tridentata) in North America (Doherty et al.
2010). A similar relationship has been document for large
mammals. In the Boreal forest, woodland caribou (Rangifer
tarandus caribou) populations could sustain greater levels of
industrial development and maintain an increasing popula-
tion when they resided in large forest tracts that were not
fragmented by wildfires (Sorensen et al. 2008).
Our ability to support the hypothesis that habitat quality

mitigates impacts could be confounded by time-lags in
detecting impacts, as well as the potential for ducks to
habituate to wind energy development over time but at a
cost to individual fitness (Bejder et al. 2009). The KE wind
site was cropland-dominated and began operation in 2003,
whereas the TAT wind site was grassland-dominated and
began operation in 2008, and was 3 years old during the final
field season. Many recent studies for a variety of species and
ecosystems have shown time lags between dates of first

construction and full biological impacts. In Wyoming
impacts to sage-grouse in some instances doubled 4 years
post-development versus the initial year of development
(Doherty et al. 2010) and lags varied from 2 to 10 years
(Harju et al. 2010). In some instances, full biological impacts
may not be apparent for decades. For example, 2 decades
passed before impacts of forest logging resulted in woodland
caribou population extirpation within 13 km of logging
(Vors et al. 2007). In a review paper on the effects of
wind farms to birds on 19 globally distributed wind farms
using meta-analyses, time lags were important in detecting
impacts for their meta-analyses with longer operating times
of wind farms resulting in greater declines in abundance of
Anseriformes (Stewart et al. 2007). Pink-footed geese for-
aging during spring appear to have habituated to the presence
of wind turbines in Europe (Madsen and Boertmann 2008).
We therefore cannot distinguish between these 2 competing
hypotheses without additional study.
Wind resources are both abundant and wide-spread in the

PPR in the United States (Heimiller and Haymes 2001,
Kiesecker et al. 2011), and the development of an additional
37 GW of wind energy capacity in the PPR states is neces-
sary to meet 20% of domestic energy needs by 2030
(USDOE 2008). The projected wind farm footprint in
PPR states to support this target is approximately
39,601 km2. Even if recommendations for siting energy
development outside of intact landscapes suggested by

Figure 3. Year-specific estimated number of mallard (Anas platyrhynchos; A), blue-winged teal (A. discors; B), gadwall (A. strepera; C), northern pintail (A. acuta;
D), and northern shoveler (A. clypeata; E) on a seasonal wetland of median area (0.2 ha) embedded in perennial cover on a wind site expressed as a percentage of
pairs expected on the samewetland in the corresponding reference site inNorthDakota and SouthDakota. Error bars represent 95% of the posterior distribution
of the estimate. Site-year combinations are Kulm-Edgely (KE) and Tatanka (TAT) for 2008 (08), 2009 (09), and 2010 (10).
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Kiesecker et al. (2011) are implemented by the wind indus-
try, millions of wetlands occur in agricultural landscapes and
our results indicate that wind energy development will likely
reduce their use by breeding duck pairs.
Waterfowl conservation partners in the PPR use strategic

habitat conservation (Reynolds et al. 1996, 2006; Ringelman
2005; USFWS 2006; Loesch et al. 2012) in an adaptive
management framework to target protection, management,
and restoration based on biological and landscape informa-
tion, primarily in response to habitat loss from agricultural
activities. From a habitat quality and conservation perspec-
tive, wind energy development should be considered as
another stressor relative to the cumulative effects of anthro-
pogenic impacts on limiting factors to breeding waterfowl
populations.
The protection of remaining, high priority grassland and

wetland resources in the United States PPR is the primary
focus of waterfowl habitat conservation (Ringelman 2005,
Niemuth et al. 2008, Loesch et al. 2012). Population goals
and habitat objectives were established to maintain habitat
for breeding pairs and the current productivity of the land-
scape (Ringelman 2005, Government Accounting Office
2007). Spatially explicit decision support tools (Reynolds
et al. 1996, Niemuth et al. 2005, Stephens et al. 2008,
Loesch et al. 2012) have been used effectively to target
and prioritize resources for protection. New stressors such
as energy development in the PPR that negatively affect the
use of wetland resources have ramifications to breeding
waterfowl populations (i.e., potential displacement to lower
quality wetland habitat) and their conservation and manage-
ment. Thus, population and habitat goals, and targeting
criteria may need to be revisited if large-scale wind develop-
ment occurs within continentally important waterfowl con-
servation areas like the PPR.

MANAGEMENT IMPLICATIONS

Balancing the development of wind energy and current
conservation efforts to protect habitat for migratory birds
is complex because most conservation and wind energy
development in the region occur on private land (USFWS
2011). Given that breeding duck pairs do not completely
avoid wetlands in and adjacent to wind energy developments
and resource benefits remain, albeit at reduced levels, the
grassland and wetland protection prioritization criteria used
by conservation partners in the PPR (Ringelman 2005) could
be adjusted to account for avoidance using various scenarios
of acceptable impact. For example, the wind sites used in our
study are in high priority conservation locations (Ringelman
2005, Loesch et al. 2012). After accounting for effects of
duck displacement by wind development, their priority was
not reduced for either site. Consequently, wind-development
does not necessarily preclude these sites from consideration
for protection. Additionally, using the measured negative
impact of wind energy development and production on
breeding duck pairs, opportunities to work with wind energy
industry to mitigate the reduced value of wetlands in
proximity to wind towers should be investigated.
Continued partnership by the wind energy industry and

wildlife conservation groups will be critical for continued
research. Further, we suggest expanding our research both
spatially and temporally to better address cumulative
impacts, zone of influence, impacts on vital rates, potential
habituation or tolerance, and/or lag effects of long-term
exposure to wind energy development.
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Contributed Paper

Effects of wind-energy facilities on breeding
grassland bird distributions
Jill A. Shaffer and Deborah A. Buhl
U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street SE, Jamestown, ND 58401, U.S.A.

Abstract: The contribution of renewable energy to meet worldwide demand continues to grow. Wind energy
is one of the fastest growing renewable sectors, but new wind facilities are often placed in prime wildlife
habitat. Long-term studies that incorporate a rigorous statistical design to evaluate the effects of wind facilities
on wildlife are rare. We conducted a before-after-control-impact (BACI) assessment to determine if wind
facilities placed in native mixed-grass prairies displaced breeding grassland birds. During 2003–2012, we
monitored changes in bird density in 3 study areas in North Dakota and South Dakota (U.S.A.). We examined
whether displacement or attraction occurred 1 year after construction (immediate effect) and the average
displacement or attraction 2–5 years after construction (delayed effect). We tested for these effects overall and
within distance bands of 100, 200, 300, and >300 m from turbines. We observed displacement for 7 of 9
species. One species was unaffected by wind facilities and one species exhibited attraction. Displacement and
attraction generally occurred within 100 m and often extended up to 300 m. In a few instances, displacement
extended beyond 300 m. Displacement and attraction occurred 1 year after construction and persisted at
least 5 years. Our research provides a framework for applying a BACI design to displacement studies and
highlights the erroneous conclusions that can be made without the benefit of adopting such a design. More
broadly, species-specific behaviors can be used to inform management decisions about turbine placement
and the potential impact to individual species. Additionally, the avoidance distance metrics we estimated
can facilitate future development of models evaluating impacts of wind facilities under differing land-use
scenarios.

Keywords: avoidance, before-after-control-impact design, climate change, displacement, renewable energy,
upland birds, wind turbine

Efectos de las Instalaciones de Enerǵıa Eólica sobre la Distribución de las Aves de Pastizales en Época Reproductiva

Resumen: La contribución de la enerǵıa renovable para cumplir con las demandas mundiales sigue cre-
ciendo. La enerǵıa eólica es uno de los sectores renovables con mayor crecimiento, pero continuamente se
colocan nuevas instalaciones eólicas en los principales hábitats de fauna silvestre. Los estudios a largo plazo
que incorporan un diseño estadı́stico riguroso para evaluar los efectos de estas instalaciones sobre la fauna
son escasos. Realizamos una evaluación de control de impacto de antes y después (CIAD) para determinar si
las instalaciones eólicas colocadas en praderas de pastos mixtos nativos desplazaron a las aves de pastizales
en época reproductiva. Durante el periodo 2003-2012, monitoreamos los cambios en la densidad de aves en
tres áreas de estudio en Dakota del Norte y del Sur (E.U.A). Examinamos si habı́a ocurrido desplazamiento
o atracción un año después de la construcción (efecto inmediato) y también el promedio de desplazamiento
o atracción 2-5 años después de la construcción (efecto retardado). Analizamos estos efectos en general y
dentro de franjas de distancia de 100, 200, 300 y >300 m de las turbinas. Observamos desplazamiento en
siete de las nueve especies. Una especie no fue afectada por las instalaciones eólicas y una especie mostró
atracción. El desplazamiento y la atracción ocurrieron generalmente dentro de los 100 m y frecuentemente
se extendieron hasta los 300 m. En algunos casos, el desplazamiento se extendió más allá de los 300 m. El
desplazamiento y la atracción ocurrieron un año después de la construcción y continuaron durante por lo
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2 Wind-energy effects on grassland birds

menos cinco años. Nuestra investigación proporciona un marco de trabajo para aplicar el diseño CIAD a los
estudios de desplazamiento y resalta las conclusiones erróneas que pueden hacerse sin el beneficio de adoptar
dicho diseño. En términos más generales, los comportamientos espećıficos de especie pueden usarse para
informar a las decisiones de manejo sobre la colocación de turbinas y el impacto potencial para las especies
individuales. Además, las medidas de distancia de evitación que estimamos pueden facilitar el desarrollo
futuro de los modelos de evaluación de impacto de las instalaciones eólicas bajo escenarios diferentes de uso
de suelo.

Palabras Clave: aves de tierras altas, cambio climático, desplazamiento, diseño de control de impacto de antes
y después, enerǵıa renovable, evitación, turbina de viento

Introduction

Renewable energies will help meet energy demands
while reducing carbon emissions and providing energy
security (IPCC 2012). Globally, the contribution of wind
power to energy demand is anticipated to be 20% by 2050
(IPCC 2011). The United States became the global leader
in new wind capacity in 2012, representing 29% of global
installed capacity due to sustained growth throughout
the interior of the country (i.e., within the Great Plains)
(USDOE 2013).

The Great Plains also supports the last remaining ex-
panses of native temperate grasslands in North America
(Stephens et al. 2008; Rashford et al. 2011; Doherty et al.
2013); thus, the increase in habitat loss and fragmentation
associated with wind development has adverse impacts
on wildlife (McDonald et al. 2009; Kiesecker et al. 2011).
Wildlife are directly affected by wind facilities via colli-
sion mortality (Johnston et al. 2013; Péron et al. 2013)
and indirectly affected through avoidance of turbines
and related infrastructure (i.e., displacement [Drewitt
& Langston 2006]). Per unit energy, wind energy has
a larger terrestrial footprint than other forms of energy
production (Kiesecker et al. 2011). Although the ground
disturbance per turbine is relatively small (about 1.2 ha),
other disturbances such as construction and operation of
the facility, vehicular traffic, maintenance visits, turbine
noise and movement, and changes to predator activity
contribute to the impact of wind facilities (Arnett et al.
2007; Helldin et al. 2012; Gue et al. 2013).

Although displacement research on an international
level has been ongoing for about 2 decades, Drewitt and
Langston (2006) note that few displacement studies are
conclusive, often because of the minimal magnitude of
the effect, poor precision of estimates, and lack of study
design allowing for strong inference assessments. For ob-
servational studies, the before-after-control (reference)-
impact (BACI) design is considered the “optimal impact
study design” (Green 1979) as exemplified by Irons et al.
(2000) and Smucker et al. (2005) and is the preferred
method to determine displacement of wildlife from wind
facilities (Strickland et al. 2011). However, of the numer-
ous displacement studies, most are short-term, are not
BACI designs, and occur on only one wind facility (Sup-

porting Information). Effective conservation strategies
that reduce negative effects of wind facilities to sensitive
wildlife require information from well-designed studies
(Strickland et al. 2011). Preferred characteristics include
a multi-species approach to understand prevalence of dis-
placement behavior, a long-term perspective, and a de-
sign that allows for strong inference (e.g., BACI) (Stewart
et al. 2007; Strickland et al. 2011). Pearce-Higgins et al.
(2012) provide an example of a well-implemented wind-
specific BACI design.

Our overall goal was to determine if wind facilities in-
fluenced distribution of sensitive and declining grassland-
nesting birds (Supporting Information). Specifically, our
objectives were to assess immediate and delayed effects
of the placement of wind facilities. We assessed poten-
tial changes in bird distribution overall and at varying
distances from wind turbines. We implemented a BACI
design that incorporated multiple years, replicated im-
pact and reference sites within 3 facilities, and 9 species,
making our study one of a few that used a rigorous
optimal impact assessment design (Supporting Informa-
tion). Thus, our research provides a strong foundation
for building a more refined understanding of how wind
facilities influence grassland bird distribution temporally
and spatially.

Methods

Collaboration with wind companies provided locations
of impending construction within North Dakota and
South Dakota (U.S.A.). We selected wind facilities sit-
uated within expanses of native grassland and in land-
scapes characterized by morainic rolling plains inter-
spersed with wetlands, mixed-grass prairie pastures, and
few planted grasslands, hayfields, or cropland (Bluemle
1991). Three wind facilities (hereafter, study areas) met
our criteria: NextEra Energy’s (NEE) South Dakota Wind
Energy Center (SD), Highmore, South Dakota; Acciona’s
Tatanka Wind Farm (TAT), Forbes, North Dakota; and
NEE’s Oliver Wind Energy Center (OL), Oliver County,
North Dakota (Table 1, Fig. 1). The study areas differed
in several anthropogenic features (Table 1). The SD site
was within the most heterogeneous landscape and had
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the highest percentage of lands under row-crop cultiva-
tion and the second most kilometers of roads, whereas
TAT was within the least heterogeneous landscape of
primarily grasslands. During the years we were on each
study area (Table 1), TAT and OL had above-average pre-
cipitation and SD received below-average precipitation
(NOAA 2015).

Because of the short time frame between facility site
selection and construction, we conducted only 1 year
of pre-treatment surveys. Within a study area, we se-
lected turbine strings (i.e., turbines connected by a road)
that would be placed in grazed mixed-grass prairie. We
defined a turbine site as the area encompassing the tur-
bines and extending 0.8 km on all sides of the turbine
string, as long as the land and land cover remained grazed
mixed-grass prairie. Reference sites were selected based
on proximity to paired wind facilities (within 3.2 km)
and similarity of land use and cover, topography, and
elevation to turbine sites. Measures of vegetation struc-
ture were similar between turbine and reference sites
and therefore were excluded as a possible confounding
effect (Supporting Information).

We conducted total-area avian surveys (Stewart &
Kantrud 1972) within a grid system (Shaffer & Thiele
2013) 2 times annually from late May to early July,
from 0.5 hours after sunrise to 1100, on days of good
visibility and good aural detectability (i.e., days with
little or no precipitation and low to moderate winds
[<40 km/hour]). We established avian survey plots with
grids of fiberglass posts arranged in parallel lines spaced
200 m apart. Transect lines were established 100 m
apart perpendicular to the grid lines. Observers recorded
all birds seen and heard within 50 m of transects
established within the grids. Genders of non-dimorphic
species were determined by the presence or absence
of song. For 9 grassland bird species (Table 2; Support-
ing Information), we computed the number of breeding
pairs for each site (turbine and reference), survey, and
year combination. A male and female observed together
was considered a breeding pair; a male or female ob-
served alone was also considered a breeding pair. The
number of pairs was divided by the suitable breeding
area in each turbine and reference site, as determined
by breeding habitat for each species (Supporting Infor-
mation), and multiplied by 100 to determine density per
100 ha (Supporting Information). We used the maximum
of the biannual survey densities for each species-site-year
combination to reflect peak breeding density.

We employed a BACI design (McDonald et al. 2000)
to examine turbine effects on bird density. We used
data from surveys conducted prior to and after turbine
construction at turbine and reference sites. Using
2 different treatment specifications, we conducted
analyses separately for each species and study area. The
first analysis consisted of 2 treatment levels, turbine sites
and reference sites, to assess overall effects of turbines on
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4 Wind-energy effects on grassland birds

0 0.65 1.30.325 Miles

NextEra Energy 
Oliver Wind
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NextEra Energy 
SD Wind Energy Center

Acciona Tatanka 
Wind Farm

North Dakota

South Dakota

0 50 10025 Km N

Figure 1. Map of studied
wind-energy facilities in North
Dakota and South Dakota
(U.S.A.) (white polygons,
turbine treatment sites; gray
polygons, reference sites; plus
symbol, turbine locations).

densities of breeding birds. For the second analysis, we
divided turbine sites into 4 100-m distance bands from
turbines (0-100 m, 100–200 m, 200–300 m, and >300 m),
for a total of 5 treatment levels including the reference
sites. We used repeated measures analysis of variance
(RMANOVA) in SAS PROC MIXED (SAS Institute 2012)
to assess effects of treatment and year on bird density
(Verbeke & Molenberghs 2000). In the first treatment
specification, year was the repeated measure and site
within treatment was the experimental unit sampled
each year. For the second treatment specification,
site was included as a random block, year was the
repeated measure, and site-by-treatment combinations
were the experimental units sampled yearly. We
accounted for autocorrelation among years by running
a correlated error model (auto-regressive) (Littell et al.
2006).

Using the BACI design, we conducted planned
contrasts among treatment means (Milliken & John-
son 2009) to estimate turbine effects. The con-
trasts tested whether average density for first

post-treatment year minus average density for pre-
treatment year was equal between turbine and reference
treatments (H0: [densityturbine,1yr-post – densityturbine,pre]
– [densityreference,1yr-post – densityreference,pre] = 0) and if
average 2- to 5-year post-treatment mean density (i.e.,
mean density for the 2 to 5 calendar years following
turbine construction) minus average density for pre-
treatment year was equal between turbine and reference
treatments (H0: [densityturbine,2-5yr-post – densityturbine,pre]
– [densityreference,2-5yr-post – densityreference,pre] = 0). The
former contrast tested for an immediate turbine effect,
whereas the latter contrast tested for a delayed effect.
Immediate effects were not testable at TAT because
1-year post-treatment data were not collected. For the
delayed effects, the span of years in which surveys were
conducted varied among study areas, and surveys were
not done every year within that time span. To achieve a
consistent time frame that could be assessed at all 3 study
areas, we used the average of 2–5 years post-treatment to
assess the delayed effect, rather than assessing effects for
each post-treatment year separately.
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6 Wind-energy effects on grassland birds

Figure 2. Difference in change in bird density/100 ha between reference and wind turbine sites from
pre-treatment year to 1 year post-treatment (immediate effect) in South Dakota (NextEra Energy [NEE] SD Wind
Energy Center [SD]) and North Dakota (Acciona Tatanka Wind Farm [TAT] and NEE Oliver Wind Energy Center
[OL]), 2003–2012 for (a) Grasshopper Sparrow, (b) Western Meadowlark, (c) Bobolink, (d) Upland Sandpiper, (e)
Killdeer, (f) Savannah Sparrow, (g) Clay-colored Sparrow, (h) Chestnut-collared Longspur, and (i) Vesper Sparrow
(difference = [densityturbine,1yr-post – densityturbine,pre] – [densityreference,1yr-post – densityreference,pre]; error bars, SE; value
>0, positive effect; value <0, negative effect; asterisk, significant [α = 0.05] difference).

One strength of a BACI design is that it allows
researchers to assume that any naturally occurring
changes occur at both the impact and control sites;
thus, any changes observed at the impact sites can
be attributed to the impact (Manly 2001). Therefore,
we assumed annual variation in bird populations and
weather effects were the same for turbine and reference
sites within a study area. Vegetation structure also
was similar between sites (Supporting Information).
In addition, turbine and reference sites were spatially
replicated within wind facilities; this allowed us to

account for variability among sites and to test if, on
average, changes in density differed between turbine
and reference sites. Therefore, any immediate or delayed
effects were due to the construction of the wind facility.

Results

Immediate Effects

We detected statistically significant immediate (1-year)
displacement behavior for 3 of 9 species (Western
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8 Wind-energy effects on grassland birds

Figure 3. Difference in change in bird density/100 ha between reference and wind turbine site from pre-treatment
year to 2–5 years post-treatment (delayed effect) in South Dakota (NextEra Energy [NEE] SD Wind Energy Center
[SD]) and North Dakota (Acciona Tatanka Wind Farm [TAT] and NEE Oliver Wind Energy Center [OL]),
2003–2012 for (a) Grasshopper Sparrow, (b) Western Meadowlark, (c) Bobolink, (d) Upland Sandpiper, (e)
Killdeer, (f) Savannah Sparrow, (g) Clay-colored Sparrow, (h) Chestnut-collared Longspur, and (i) Vesper Sparrow
(difference = [densityturbine,2-5yr-post – densityturbine,pre] – [densityreference,2-5yr-post – densityreference,pre]; error bars, SE;
value >0, positive effect; value <0, negative effect; asterisk, significant [α = 0.05] difference).

Meadowlark [Sturnella neglecta], Upland Sandpiper
[Bartramia longicauda], and Savannah Sparrow
[Passerculus sandwichensis]) and attraction for 2
species (Killdeer [Charadrius vociferous] and Bobolink
[Dolichonyx oryzivorus]) (Table 2). For Western
Meadowlark, displacement was detected at SD; effects
were apparent overall and within 100 m (Fig. 2b). For
Upland Sandpiper, displacement was detected at OL,

but only within 100 m (Fig. 2d). Change in density of
Savannah Sparrow was lower 100–300 m from turbines
than at reference sites at OL, the one study area in which
immediate effects could be determined for this species
(Fig. 2f). Killdeer expressed attraction within 100 m of
turbines at both study areas 1 year post-construction
(Fig. 2e, Table 2). Bobolink exhibited a positive
difference 200–300 m at OL (Fig. 2c, Table 2).
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Shaffer & Buhl 9

Wind facilities had no significant immediate effect
on Grasshopper Sparrow (Ammodramus savannarum),
Clay-colored Sparrow (Spizella pallida), or Chestnut-
collared Longspur (Calcarius ornatus) (Table 2). How-
ever, the magnitude of differences (�20 birds/100 ha)
between turbine sites and reference sites suggested these
species may have exhibited immediate displacement
(Fig. 2a, 2g, 2h). Vesper Sparrow (Pooecetes gramineus)
appeared unaffected by wind facilities (Fig. 2i).

Delayed Effects

We detected significant displacement behavior beyond 1
year for 7 species (Table 3). For Grasshopper Sparrow,
we detected displacement overall at SD, within 200 m at
all 3 study areas, and within 200–300 m at TAT and OL
(Fig. 3a). Bobolink, Upland Sandpiper, Savannah Spar-
row, and Clay-colored Sparrow exhibited displacement
at 2 study areas each (Fig. 3c, 3d, 3f, 3g). Displacement
occurred overall and at all distances for Bobolink at TAT,
but only within 200 m at OL. Upland Sandpiper exhibited
displacement overall and beyond 300 m at SD, but only
within 100 m at OL. Displacement was observed within
200–300 m for Savannah Sparrow at both TAT and OL and
within 100–200 m at TAT. For Clay-colored Sparrow, sig-
nificant displacement occurred within 200 m at TAT and
>300 m at OL. For Western Meadowlark and Chestnut-
collared Longspur, displacement was detected at SD only.
Effects were apparent overall, within 100 m, and beyond
200 m for Western Meadowlark (Fig. 3b) and overall and
within 300 m for Chestnut-collared Longspur (Fig. 3h).
Killdeer and Vesper Sparrow showed no delayed effects
(Fig. 3e, 3i).

Discussion

The preferred design for testing impacts of energy in-
frastructure on wildlife is the BACI design (Evans 2008;
Strickland et al. 2011), but examples are rare (Supporting
Information). Our work provides a framework for apply-
ing a BACI design to behavioral studies and highlights
the erroneous conclusions that can be made when the
BACI approach is not used. If we had data from only
impact sites (i.e., no reference sites) or had only post-
treatment data (i.e., no pre-treatment monitoring) and
thus not been able to use a BACI design, our conclu-
sions would have been different. Obtaining data from
impact and reference sites allowed us to discern changes
in avian densities due to wind facilities as opposed to
naturally occurring changes. For example, Grasshopper
Sparrow at SD showed a large change in density on the
turbine sites (i.e., a decrease of more than 60 birds/100
ha) from the pre-treatment year to the first year post-
treatment (Supporting Information). Without reference
sites, we may have interpreted this decrease in density

to be due to turbine operation. However, we observed
a similar change in density at reference sites, indicating
the change on the turbine sites was probably due not
to turbine operation but rather to normal annual varia-
tion in avian density. Pre-treatment data were used to
account for differences among the turbine and reference
sites prior to turbine construction, which allowed us to
attribute post-treatment differences to turbine operation.
For example, Grasshopper Sparrows at SD had higher
average density for reference sites (60.1 birds/100 ha)
than for turbine sites (38.3 birds/100 ha) in the first
post-construction year (Supporting Information). With-
out pre-treatment data, this difference might have been
interpreted as a turbine effect. However, pre-treatment
data provided evidence of existing site differences of the
same magnitude (Supporting Information) and therefore
indicates there was no turbine effect.

By collecting data the year following construction and
beyond 1 year post-construction, we were able to assess
whether species exhibited immediate effects, delayed ef-
fects, or sustained effects. Because our turbine and refer-
ence sites were near one another and were similar with
respect to landscape composition, vegetation, topogra-
phy, and weather, the BACI design allowed us to assume
that any naturally occurring changes happen at both the
turbine and reference sites and therefore can be ruled out
as alternative explanations. In addition, spatial replication
of turbine and reference sites within study areas accounts
for inherent variability among sites (Underwood 1992).
Thus, any effects we observed were attributed to the
operation of the wind facility.

Immediate effects were manifested by displacement or
attraction the year following turbine construction. Birds
returning in the spring following construction would en-
counter an altered landscape and would need to decide
whether to settle near a wind facility or move elsewhere.
In our study areas, Vesper Sparrows and Killdeer showed
a high degree of tolerance to newly constructed wind
facilities. Vesper Sparrows are often the first species
to occupy disturbed areas (Jones & Cornely 2002);
therefore, lack of displacement is not surprising given
this life-history characteristic. Moreover, Johnson et al.
(2000) reported attraction of Vesper Sparrows to turbines
1 year post-construction at grassland sites in Minnesota
(U.S.A.). Killdeer prefer gravel substrates for nesting, and
roadsides are preferred habitat (Jackson & Jackson 2000).
Our finding that Killdeer density increased nearest to
newly constructed turbines likely reflects similar habi-
tat selection. Similarly, Johnson et al. (2000) reported
higher than expected use of turbine plots in Minnesota
by Horned Larks (Eremophila alpestris), another species
that prefers disturbed areas. However, Erickson et al.
(2004) found no evidence of attraction (or displacement)
for this species in Oregon (U.S.A.).

Some species in our study areas did not exhibit im-
mediate effects, yet we observed displacement in years
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10 Wind-energy effects on grassland birds

beyond the first year post-construction (i.e., delayed ef-
fects). Species exhibiting breeding site fidelity might be
more inclined to show delayed effects than immediate
effects. Individuals will return to a turbine site 1 year post-
construction due to site fidelity, but they may not return
in subsequent years because of intolerance of the wind
facility. In addition, new individuals may be unwilling
to settle near turbines. We detected delayed displace-
ment for Grasshopper Sparrow, Western Meadowlark,
Bobolink, Upland Sandpiper, Clay-colored Sparrow, and
Chestnut-collared Longspur, all of which exhibit breed-
ing site fidelity (Hill & Gould 1997; Jones et al. 2007).
Likewise, Johnson et al. (2000) reported delayed effects
for Grasshopper Sparrow, Bobolink, and Savannah Spar-
row, which also shows breeding site fidelity (Fajardo
et al. 2009). On a Scottish wind facility 3 years post-
construction, Douglas et al. (2011) detected delayed ef-
fects for 2 upland species, Red Grouse (Lagopus lagopus
scotica) and European Golden Plover (Pluvialis apri-
caria); these 2 species are also site faithful (Jenkins et al.
1963; Parr 1980).

We considered a species to be exhibiting a sus-
tained effect if displacement continued from 1 year post-
construction into 2–5 years post-construction. In our
study, sustained displacement usually occurred within
100 m (e.g., Western Meadowlark at SD and Upland
Sandpiper at OL). Few other researchers have examined
sustained effects. Pearce-Higgins et al. (2012) detected
positive long-term effects in the United Kingdom for 2 up-
land species and negative effects for 2 waterbird species.

Consistency of behavioral responses to wind facilities
varied across the 9 species of grassland nesting birds we
monitored. Grasshopper Sparrows and Clay-colored Spar-
rows exhibited the most consistent results across study
areas. The Grasshopper Sparrow is an area- and edge-
sensitive species (Grant et al. 2004; Ribic et al. 2009) for
which amount of grassland in the surrounding landscape
is important (Berman 2007; Greer 2009). Wind facilities
appear to be an additional landscape change not tolerated
by Grasshopper Sparrows, and the construction of addi-
tional wind facilities throughout native grasslands could
be detrimental to the species. Clay-colored Sparrows pre-
fer grasslands intermixed with shrubs and woody edges
(Grant & Knapton 2012). We speculate that removal of
woody vegetation during construction of roads and tur-
bines reduced breeding habitat for this species.

Bobolinks, Western Meadowlarks, Upland Sandpipers,
and Savannah Sparrows exhibited inconsistent displace-
ment behavior across study areas. Because we were not al-
ways present on study areas in the same years, we suspect
inconsistencies resulted from habitat differences specific
to study area that may have been influenced by variable
precipitation patterns. The interaction of habitat condi-
tions and species-specific life-history strategies may have
influenced behavior. For example, Bobolinks exhibited
strong displacement at TAT, which was the largest wind

facility with the most intact grasslands and the highest
precipitation. Densities of Bobolinks also were greatest
at TAT (Supporting Information); hence, density depen-
dent effects may arise at these higher densities and may
result from habitat loss (both grassland and wetland) with
construction of turbines. As a result of high precipitation,
grasslands at this site were interspersed with many small
wetlands containing nesting pairs of Red-winged Black-
birds (Agelaius phoeniceus). Red-winged Blackbirds and
Bobolinks are antagonistic. Red-winged Blackbirds may
displace Bobolinks from perches, and Bobolinks appear
to avoid nesting near active blackbird nests (Martin &
Gavin 1995). Thus, displacement of Bobolinks at TAT
could have been more evident because of intra- or inter-
specific competition.

For other species, cumulative effects of wind facilities
and other landscape changes might be the cause of in-
consistent results. Western Meadowlarks are a gregarious
species not reported to be sensitive to habitat area or
habitat edges (Johnson & Igl 2001), and some degree
of anthropogenic activity appears acceptable to them.
However, we speculate that the degree of anthropogenic
disturbance at SD surpassed the species’ threshold of
tolerance to human activity. The sustained displacement
observed at SD could be the species’ response to the ad-
ditive stressors of wind-facility operation and recent land
conversion from grassland to agricultural fields (Wright
& Wimberly 2013). Increasing urbanization had a strong
negative effect on the density of a congeneric species,
Eastern Meadowlark (Sturnella magna), in grasslands
(McLaughlin et al. 2014). Conversely, TAT, where no
displacement effects were observed for Western Mead-
owlarks, has undergone little land conversion, was com-
posed of 92% perennial grasslands (Loesch et al. 2013),
and was located in a remote area rarely traversed by
humans other than personnel associated with the wind
facility. Upland Sandpiper displayed the most inconsis-
tent results and a similar pattern as Western Meadowlark.
The species is highly sensitive to habitat fragmentation
(Ribic et al. 2009), and the strongest displacement effects
occurred on the most fragmented study areas, SD and OL.
No displacement was detected on the least fragmented
study area. As with Western Meadowlarks, Upland Sand-
pipers may have reached a threshold beyond which addi-
tional landscape disturbance could not be tolerated and
displacement behavior became apparent.

Our results for displacement distances for Grasshop-
per Sparrow (300 m), Bobolink (>300 m), Western
Meadowlark (>300 m), Upland Sandpiper (100 m), Clay-
colored Sparrow (200 m), Savannah Sparrow (300 m),
and Chestnut-collared Longspur (300 m) were consis-
tent with those reported by other researchers. In a
literature review of North American grassland birds,
Johnson and Stephens (2011) reported displacement ex-
tending 50–180 m from turbines. Stevens et al. (2013)
found that mean plot occupancy for Le Conte’s Sparrows
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Shaffer & Buhl 11

(Ammodramus leconteii) wintering in Texas was 4 times
lower in plots <200 m from nearest wind turbine rela-
tive to >400 m from the nearest turbine. In the United
Kingdom, 7 of 12 upland species exhibited displacement
within 500 m (Pearce-Higgins et al. 2009). Winkelman
(1992) found that shorebirds in a Netherlands wind fa-
cility occurred in significantly smaller numbers within
500 m from turbines. Thus, although displacement can
occur as far as 500 m from turbines, most studies show
displacement within 200 m.

Evaluating turbine effects overall and by distance from
turbine allowed us to differentiate between localized dis-
placement and site abandonment. For several species,
immediate or delayed effects occurred by distance at a
site, but there was no significant reduction in density
at that site overall. This may have occurred because
breeding pairs near turbines relocated short distances
from turbines but not off the site completely. For ex-
ample, Grasshopper Sparrow at OL showed an immedi-
ate reduction in density of birds near turbines and an
increased density at distance categories >300 m and
overall. Thus, Grasshopper Sparrows may not abandon
sites completely; rather, they may relocate away from the
turbines and establish territories farther from turbines.
Without examining displacement by distance band, we
would have missed this localized displacement and in-
stead concluded there was no displacement. Niemuth
et al. (2013) also found near-turbine displacement. They
modeled mean occupancy for 4 waterbird species at 2
wind facilities in North Dakota, one of which was TAT,
and found that species occurrences were not substan-
tially reduced overall at either facility post-construction.
However, occupancy was slightly and consistently lower
for 3 of the 4 species at one wind facility. Thus, effects
of wind facilities should be examined overall and by dis-
tance from turbines.

Our identification of species-specific behaviors to wind
facilities can be used to inform management decisions
about turbine placement in grasslands and the potential
impact at an individual species level. Metrics of displace-
ment distances can be used to parameterize models that
quantify the potential loss of habitat under scenarios of
differing land uses and corresponding avian community
composition. Output from these models may help drive
conservation planning, such as prioritizing landscapes of
highest value for preservation or restoration.
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Table S1.1.  Studies of avian and mammal displacement from onshore wind facilities that used impact assessment designs of Before-
After Control-Impact (BACI), Control-Impact (CI), Before-After (BA), and Impact-Gradient (IG) (Manly 2001). 

Source Country Taxonomic 
group 

Variable of 
interest Season No. wind 

Facilities 

Impact 
assessment 

design 

No. Yrs. 
Pre-

Treatment 

No. Yrs. 
Post-

Treatmenta 
Winkelman 1992 Netherlands multiple 

avian abundance year-round 1 IG, BACI 1-3 1 

Osborn et al. 1998 USA multiple 
avian 

abundance 
flight height 

breeding 
migration 1 CI 0 2 

Leddy et al. 1999 USA passerine density breeding 1 CI 0 1 

Johnson et al. 
2000a USA multiple 

avian avian use breeding 
migration 1 BACI 2 2 

Johnson et al. 
2000b USA 

multiple 
avian and 
mammal 

abundance 
distribution 

use 
year-round 1 BACI 2 1 

Larsen and Madsen 
2000 Denmark waterbird field 

utilization winter 2 IG 0 1 

Barrios and 
Rodriguez 2004 Spain raptor flight 

behavior year-round 2 IG 0 1 

de Lucas et al. 2004 Spain passerine 
raptor 

abundance 
productivity 

flight 
behavior 

year-round 1 CI 0 2 

Erickson et al. 2004 USA passerine avian use breeding 1 BA, IG 1 1 

de Lucas et al. 2005 Spain 
multiple 

avian and 
mammal 

abundance 
flight 

behavior 
breeding 1 BACI, IG 1 1 

Rabin et al. 2006 USA ground 
squirrel 

antipredator 
behavior breeding 1 CI 0 1 
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Walter et al. 2006 USA elk distance  
home range year-round 1 BA 1 2 

Devereaux et al. 
2008 UK multiple 

avian occurrence winter 2 IG 0 1 

Madsen and 
Boertmann 2008 Denmark waterbird field 

utilization migration 3 IG 0 2 

Pearce-Higgins et 
al. 2009 UK multiple 

avian 
occurrence 

flight height breeding 12 CI 0 1 

Douglas et al. 2011 UK game bird 
waterbird 

abundance 
occurrence breeding 1 CI 0 2 

Garvin et al. 2011 USA raptor abundance 
flight height breeding 1 BA, CI 1 2 

Jain et al.  2011 USA bats activity migration 
breeding 1 CI 0 2 

Pearce-Higgins et 
al. 2012 UK 

game bird 
passerine 
waterbird 

density breeding 18 BACI 1 1-5 

Rubenstahl et al. 
2012 USA passerine productivity breeding 1 IG 0 1 

Hatchett et al. 2013 USA passerine productivity breeding 1 IG 0 2 

Loesch et al. 2013 USA waterbird density breeding 2 CI 0 3 

Niemuth et al. 2013 USA waterbird occurrence breeding 2 CI 0 3 

Stevens et al. 2013 USA passerine occupancy winter 1 IG 0 2 

Bennett et al. 2014 USA passerine productivity breeding 1 IG 0 1 

LeBeau et al. 2014 USA game bird fitness 
productivity breeding 1 IG 0 2 

McNew et al. 2014 USA game bird site selection 
productivity breeding 1 BA, IG 2 3 

Winder et al. 2014a USA game bird fitness year-round 1 BA, IG 2 3 
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Winder et al. 2014b USA game bird home range 
distribution year-round 1 BA, IG 2 3 

Shaffer and Buhl, 
this paper USA passerine 

waterbird density breeding 3 BACI 1 3-4b 
aConstruction years were not included. 
bWe had 3-4 post-treatment years of data over the 5-year post-treatment time frame (i.e., 5 calendar years) used for analyses. 
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Table S2.1.  Habitat classification, population trend, and conservation status of avian species that 

were sufficiently abundant to include in analyses examining the effects of wind energy 

development on avian density in South Dakota (NextEra Energy [NEE] SD Wind Energy Center 

[SD], U.S.A.) and North Dakota (Acciona Tatanka Wind Farm [TAT] and NEE Oliver Wind 

Energy Center [OL], U.S.A.), 2003-2012. 

Species Habitat 
classificationa 

Population trend 
(%)b 

Species of 
concernb 

Grasshopper sparrow  
Ammodramus savannarum 

grassland obligate -2.5 no 

Bobolink  
Dolichonyx oryzivorus 

grassland obligate -2.1 yes 

Western meadowlark 
Sturnella neglecta 

grassland obligate -1.3 no 

Killdeer  
Charadrius vociferous 

generalist -1.2 no 

Upland sandpiper  
Bartramia longicauda 

grassland obligate 0.5 yes 

Clay-colored sparrow 
Spizella pallida 

grassland/shrubland -1.4 no 

Vesper sparrow  
Pooecetes gramineus 

grassland obligate -0.9 no 

Savannah sparrow  
Passerculus sandwichensis 

grassland obligate -1.2 no 

Chestnut-collared longspur  
Calcarius ornatus 

grassland obligate -4.3 yes 

aHabitat classification and concern rankings from NABCI (2014). 

bBreeding Bird Survey population trends from Sauer et al. (2013). 
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Supporting Information 

Appendix S3.  Description of vegetation surveys and analysis for the study on effects of wind 

energy facilities on grassland birds in South Dakota (NextEra Energy [NEE] SD Wind Energy 

Center [SD], U.S.A.) and North Dakota (Acciona Tatanka Wind Farm [TAT] and NEE Oliver 

Wind Energy Center (OL), U.S.A.), 2003-2012. 

 

The mixed-grass prairie biome in North Dakota and South Dakota (U.S.A.) is a heterogeneous 

landscape of wetland complexes embedded within grasslands of highly scattered patches of low-

growing trees and shrubs, such as Symphoricarpos occidentalis (Hook) and Prunus virginiana 

(L.).  Non-grassland habitats within sites were mapped using GPS units and digital photography 

because our focal species did not breed within all available habitat types within any particular 

site.  For example, grasshopper sparrows were never detected within wetlands or colonies of 

black-tailed prairie dogs Cynomys ludovicianus (Ord).  We accounted for the fact that some of 

our focal species have particular breeding habitat preferences by mapping area of wetlands (open 

water), woodlands, colonies of black-tailed prairie dogs, and exceptionally lush grass and 

deleting these areas from total area of each site, as applicable, so as to calculate suitable breeding 

area at a species level.  Wetland area was removed for all nine of our focal species, woodland 

area was removed for all species except clay-colored sparrow, area of prairie-dog colony was 

removed for grasshopper sparrow (JAS, personal observation), and area of lush grass was 

removed for chestnut-collared longspur (Hill & Gould 1997).  

 Vegetation measurements were taken within the 50 m by 200 m cells formed by the avian 

survey grids.  Cells were systematically chosen and sampling was conducted along 1-2 sampling 

lines.   Percent composition of six basic life forms, bare ground (e.g., bare ground, cow pie, 
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rock), grass, forb, shrub, standing residual, and lying litter, was estimated using a step-point 

sampler (Owensby 1973).  Height-density (i.e., visual obstruction) was measured with a Robel 

pole (Robel et al. 1970).  Vegetation height and litter depth were measured with a meter stick.  

Measurements were averaged to characterize each site.  

 To examine the similarity in vegetation metrics (e.g., vegetation height, proportion bare 

ground) between turbine and reference sites, a repeated measures analysis of variance was 

conducted to estimate and compare mean habitat features between turbine and reference sites and 

among years.   

Vegetation characteristics did not significantly vary between reference and turbine sites 

except for VOR at TAT, where the difference was still quite small (see Appendix Table S2.1).  

As expected, yearly differences did occur for most vegetation characteristics.  Therefore, the 

habitat was similar between reference and turbine sites and can be excluded as a possible 

confounding factor. 
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Table S3.1.  Least squares means of each vegetation variable for reference and turbine sites, at SD Wind Energy Center (SD) in 
Highmore, South Dakota (2003-2012); Acciona’s Tatanka Wind Farm (TAT) in Forbes, North Dakota (2007-2012); and Oliver Wind 
Energy Center (OL) in Oliver Co., North Dakota (2006-2011), U.S.A.  Sig. column indicates significance at a significance level of 
0.05, t indicates significant difference between reference and turbine sites, y indicates significant difference among years, and t*y 
indicates a significant turbine*year interaction. 

 SD TAT OL 

 Reference Turbine Sig. a Reference Turbine Sig. Reference Turbine Sig. a 

VOR 0.97 (0.16) 0.74 (0.12) y 0.93 (0.05) 1.33 (0.07) t 1.09 (0.07) 0.77 (0.07) t*y 

Litter Depth 2.58 (0.41) 2.11 (0.32) t*y 3.05 (0.28) 3.71 (0.38) y 2.92 (0.34) 2.48 (0.34) y 

Veg Height 26.47 (2.32) 23.48 (1.81) y 29.30 (1.90) 33.67 (2.65) y 29.76 (2.05) 23.41 (2.05) t*y 

Bare Ground 0.03 (0.01) 0.03 (0.01) y 0.02 (0.00) 0.01 (0.01)  0.01 (0.01) 0.04 (0.01)  

Forbs 0.11 (0.02) 0.10 (0.02) t*y 0.17 (0.01) 0.21 (0.02) y 0.12 (0.02) 0.15 (0.02) y 

Grass 0.64 (0.02) 0.65 (0.01) y 0.62 (0.03) 0.58 (0.04) y 0.68 (0.03) 0.59 (0.03)  

Lying Litter 0.16 (0.02) 0.17 (0.02) t*y 0.08 (0.01) 0.05 (0.01) y 0.09 (0.02) 0.09 (0.02)  

Res. Litter 0.05 (0.01) 0.05 (0.01) y 0.04 (0.01) 0.05 (0.01) y 0.08 (0.01) 0.07 (0.01) y 

Shrubs --- ---  0.07 (0.02) 0.09 (0.03)  0.02 (0.02) 0.05 (0.02) y 

aMost interaction effects were significant due to year differences rather than to differences between reference and turbine sites.  
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Supporting Information 

Appendix S4.  Least squares means (SE) of density / 100 ha for reference and turbine sites for 3 

study sites in North Dakota and South Dakota (U.S.A.), 2003-2012. 

Table S4.1.  Least squares means (SE) of density/100 ha for reference and turbine sites each year 

at SD Wind Energy Center (SD) in Highmore, South Dakota. 

 Year Grasshopper 
Sparrow 

Chestnut-
collared 

Longspur 

Western 
Meadowlark Bobolink Upland 

Sandpiper Killdeer 

R
ef

er
en

ce
 S

ite
s 

2003 124.3 (11.2) 56.7 (10.4) 22.0 (3.2) 8.5 (5.2) 2.3 (1.9) 3.2 (1.3) 

2004 60.1 (11.2) 42.3 (10.4) 22.0 (3.2) 12.9 (5.2) 1.5 (1.9) 0.0 (1.3) 

2005 62.1 (11.2) 36.2 (10.4) 15.5 (3.2) 6.6 (5.2) 2.9 (1.9) 0.7 (1.3) 

2006 100.6 (11.2) 65.8 (10.4) 30.3 (3.2) 5.2 (5.2) 3.7 (1.9) 2.2 (1.3) 

2008 130.7 (11.2) 120.6 (10.4) 37.6 (3.2) 14.8 (5.2) 1.8 (1.9) 0.8 (1.3) 

2010 87.4 (11.2) 39.8 (10.4) 23.2 (3.2) 18.2 (5.2) 5.1 (1.9) 0.0 (1.3) 

2012 79.4 (11.2) 60.3 (10.4) 15.5 (3.2) 42.4 (5.2) 2.6 (1.9) 1.7 (1.3) 

Tu
rb

in
e 

Si
te

s 

2003 104.6 (8.6) 47.3 (8.1) 36.6 (2.5) 7.2 (4.0) 9.8 (1.5) 4.7 (1.0) 

2004 38.3 (8.6) 37.5 (8.1) 24.6 (2.5) 1.3 (4.0) 5.3 (1.5) 7.1 (1.0) 

2005 31.6 (8.6) 23.7 (8.1) 16.5 (2.5) 3.1 (4.0) 2.2 (1.5) 1.8 (1.0) 

2006 52.0 (8.6) 38.4 (8.1) 28.3 (2.5) 5.6 (4.0) 3.2 (1.5) 4.2 (1.0) 

2008 51.4 (8.6) 48.2 (8.1) 23.9 (2.5) 6.1 (4.0) 2.1 (1.5) 2.8 (1.0) 

2010 34.5 (8.6) 35.3 (8.1) 20.3 (2.5) 2.3 (4.0) 3.7 (1.5) 4.3 (1.0) 

2012 53.9 (9.7) 43.7 (8.8) 27.7 (2.8) 9.7 (4.5) 5.3 (1.6) 4.3 (1.2) 

Reference 
Average 92.1 (4.6) 60.2 (7.1) 23.7 (1.2) 15.5 (2.9) 2.9 (0.8) 1.2 (0.5) 

Turbine 
Average 52.3 (3.6) 39.1 (5.5) 25.4 (1.0) 5.0 (2.3) 4.5 (0.6) 4.2 (0.4) 

Overall 
Average 72.2 (2.9) 49.7 (4.5) 24.6 (0.8) 10.3 (1.8) 3.7 (0.5) 2.7 (0.3) 
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Shaffer & Buhl.  Wind facility effects on grassland birds.  Conservation Biology, Supporting Information Appendix S4. 

Table S4.2.  Least squares means (SE) of density/100 ha for reference and turbine sites each year at Acciona’s  

Tatanka Wind Farm (TAT) in Forbes, North Dakota. 

 Year Grasshopper 
Sparrow 

Clay-
colored 
Sparrow 

Western 
Meadowlark Bobolink Upland 

Sandpiper Killdeer Savannah 
Sparrow 

Vesper 
Sparrow 

R
ef

er
en

ce
 S

ite
s 2007 67.6 (8.8) 27.1 (11.6) 13.8 (2.0) 39.0 (3.6) 8.8 (1.9) 0.2 (0.6) 5.2 (1.4) 6.4 (1.7) 

2009 55.1 (8.8) 31.9 (11.6) 13.1 (2.0) 22.1 (3.6) 10.3 (1.9) 1.4 (0.6) 3.0 (1.4) 4.6 (1.7) 

2010 84.4 (8.8) 30.6 (11.6) 17.2 (2.0) 31.0 (3.6) 11.5 (1.9) 1.2 (0.6) 4.3 (1.4) 1.9 (1.7) 

2012 93.7 (10.2) 92.4 (12.6) 10.8 (2.3) 31.4 (4.2) 4.1 (2.1) 2.9 (0.7) 10.5 (1.5) 5.7 (1.9) 

Tu
rb

in
e 

Si
te

s 

2007 87.8 (12.5) 47.1 (16.4) 10.6 (2.9) 70.9 (5.1) 3.9 (2.7) 1.2 (0.9) 6.6 (1.9) 2.7 (2.4) 

2009 47.3 (12.5) 35.3 (16.4) 12.1 (2.9) 24.8 (5.1) 3.2 (2.7) 3.1 (0.9) 4.8 (1.9) 2.4 (2.4) 

2010 89.6 (12.5) 30.3 (16.4) 9.8 (2.9) 25.0 (5.1) 4.3 (2.7) 5.3 (0.9) 3.7 (1.9) 1.2 (2.4) 

2012 65.6 (12.5) 80.8 (16.4) 11.8 (2.9) 28.9 (5.1) 2.0 (2.7) 5.6 (0.9) 6.7 (1.9) 1.5 (2.4) 

Reference 
Average 75.2 (4.6) 45.5 (10.0) 13.7 (1.0) 30.9 (2.0) 8.7 (1.4) 1.4 (0.3) 5.8 (1.0) 4.7 (0.8) 

Turbine 
Average 72.6 (6.3) 48.4 (14.1) 11.1 (1.4) 37.4 (2.7) 3.3 (1.9) 3.8 (0.4) 5.4 (1.4) 2.0 (1.1) 

Overall 
Average 73.9 (3.9) 46.9 (8.6) 12.4 (0.8) 34.1 (1.7) 6.0 (1.2) 2.6 (0.3) 5.6 (0.9) 3.3 (0.7) 
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Shaffer & Buhl.  Wind facility effects on grassland birds.  Conservation Biology, Supporting Information Appendix S4. 

Table S4.3.  Least squares means (SE) of density/100 ha for reference and turbine sites each year at Oliver Wind 

Energy Center (OL) in Oliver County, North Dakota. 

Year Grasshopper 
Sparrow 

Clay-
colored 
Sparrow 

Western 
Meadowlark Bobolink Upland 

Sandpiper Killdeer Savannah 
Sparrow 

Vesper 
Sparrow 

R
ef

er
en

ce
 S

ite
s 2006 105.2 (10.2) 25.6 (6.8) 28.0 (6.6) 42.0 (4.3) 7.7 (1.2) 1.3 (1.0) 2.5 (3.1) 1.3 (2.2) 

2007 65.6 (10.2) 21.2 (6.8) 10.0 (6.6) 19.0 (4.3) 4.9 (1.2) 1.3 (1.0) 7.9 (3.1) 2.4 (2.2) 

2009 133.6 (10.2) 33.4 (6.8) 49.3 (6.6) 16.1 (4.3) 8.0 (1.2) 2.7 (1.0) 8.0 (3.1) 0.0 (2.2) 

2011 56.3 (10.2) 13.7 (6.8) 31.5 (6.6) 49.5 (4.3) 6.9 (1.2) 1.4 (1.0) 1.4 (3.1) 0.0 (2.2) 

Tu
rb

in
e 

Si
te

s 

2006 84.4 (10.2) 55.3 (6.8) 17.3 (6.6) 21.2 (4.3) 6.5 (1.2) 4.0 (1.0) 3.5 (3.1) 6.3 (2.2) 

2007 62.9 (10.2) 33.5 (6.8) 14.7 (6.6) 9.0 (4.3) 3.6 (1.2) 4.0 (1.0) 5.5 (3.1) 7.8 (2.2) 

2009 47.1 (10.2) 44.1 (6.8) 25.1 (6.6) 5.2 (4.3) 4.8 (1.2) 2.4 (1.0) 3.4 (3.1) 5.3 (2.2) 

2011 39.5 (10.2) 20.4 (6.8) 22.4 (6.6) 13.7 (4.3) 3.6 (1.2) 2.7 (1.0) 1.5 (3.1) 3.9 (2.2) 

Reference 
Average 90.2 (4.7) 23.5 (4.6) 29.7 (3.1) 31.6 (2.2) 6.9 (0.8) 1.7 (0.5) 4.9 (2.3) 0.9 (1.8) 

Turbine 
Average 58.5 (4.7) 38.3 (4.6) 19.9 (3.1) 12.3 (2.2) 4.6 (0.8) 3.3 (0.5) 3.5 (2.3) 5.8 (1.8) 

Overall 
Average 74.3 (3.4) 30.9 (3.3) 24.8 (2.2) 22.0 (1.5) 5.7 (0.5) 2.5 (0.3) 4.2 (1.6) 3.4 (1.2) 
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

DOCKET NO. EL 19-003 

IN THE MATTER OF THE APPLICATION BY CROWMED RIDGE WIND, LLC 
FOR A PERMIT OF A WIND ENERGY FACILITY IN GRANT AND CODINGTON 

COUNTIES, SOUTH DAKOTA 

DIRECT TESTIMONY OF PAIGE OLSON 
ON BEHALF OF THE COMMISSION STAFF 

May10,2019 

EXHIBIT 
5-t-o.~..c; 

i--=""'Se::...--4_ 
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1 
 

 

Q.   State your name. 1 

A.   Paige Olson. 2 

 3 

Q.  By who are you employed? 4 

A. State of South Dakota. 5 

 6 

Q.   For what department or program do you work and what is your job title? 7 

A. South Dakota State Historical Society, State Historic Preservation Office (SHPO), 8 

Review and Compliance Coordinator. 9 

 10 

Q. Please explain the program goals and your role and duties within SHPO. 11 

A. The National Historic Preservation Act of 1966 is the foundation for the 12 

preservation work of the South Dakota State Historical Society (SDSHS). The 13 

State Historic Preservation Office (SHPO), a program under the SDSHS, is 14 

responsible to survey historic properties and maintain an inventory; identify and 15 

nominate properties to the National Register of Historic Places; advise and assist 16 

federal, state, and local government agencies in fulfilling their preservation 17 

responsibilities; provide education and technical assistance in historic 18 

preservation; develop local historic preservation programs; consult with federal 19 

and state agencies on projects affecting historic properties; and advise and assist 20 

with rehabilitation projects involving federal assistance. My specific role is to 21 

monitor state permitted and federally funded, licensed or permitted projects to 22 
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2 
 

ensure historic properties are taken into consideration. I provide technical 1 

analyses, reviews and assistance to government agencies to ensure compliance 2 

with state and federal guidelines. I serve as the lead over the review and 3 

compliance function of SHPO.  4 

 5 

Q. On whose behalf was this testimony prepared? 6 

A.  This testimony was prepared on behalf of the Staff of the South Dakota Public 7 

Utilities Commission.  8 

 9 

Q. State and explain the South Dakota laws that protect archaeological and 10 

historic resources in this state. 11 

A.   South Dakota Codified Law 1-19A-11.1 - Preservation of historic property – 12 

Procedures. The state or any political subdivision of the state may not undertake 13 

any project which will encroach upon, damage or destroy any property included in 14 

the State Register of Historic Places or National Register of Historic Places. 15 

 16 

Q. Have you reviewed the Application and Crowned Ridge’s testimony? 17 

A.    I reviewed portions of the Application containing the project description and all 18 

portions of the Application specific to cultural resources, namely Section 2.0 19 

Description of the Nature and Location of the Project, Section 6.0 General Site and 20 

Project Component Description (ARSDS 20:10:22:11),  Section 18.0 Community 21 

Impact (ARSD 20:10:22:23)  18.6 Cultural Resources.   22 

 23 
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3 
 

  1 

Q. Has SHPO provided any recommendations to Crowned Ridge Wind 2 

regarding places of historical significance and cultural resources? 3 

A.   Yes. In a letter dated March 12, 2009, to Mr. Adam C. Holven at Tetra Tech EM 4 

Inc.  5 

 6 

Q. Please describe what those recommendations were. 7 

A.   I recommended that an on the ground survey of the project area be conducted and 8 

that all sites identified during the survey be avoided. I also recommended an 9 

architectural survey of the project area, including a one-mile buffer around the 10 

perimeter of the project area. Finally, I recommend contacting Indian tribes with 11 

specific knowledge of this area to discuss the identification Traditional Cultural 12 

Properties and places of religious and cultural significance.   13 

 14 

Q. Did Crown Ridge Wind adequately address those recommendations?  If not, 15 

please explain. 16 

A.   Yes. On June 16, 2017, I was provided a memorandum entitled “Crowned Ridge 17 

Wind Energy Facility Overview and Cultural Review”, which outlined the proposed 18 

strategy for the identification of archaeological, historic and Traditional Cultural 19 

Properties. The survey strategy was consistent with the recommendations I made 20 

in 2009.    21 

 22 
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4 
 

On April 16, 2019, I received  the report entitled “Level III Intensive Archaeological 1 

and Traditional Cultural Property Resources Inventory for the Crowned Ridge Wind 2 

Turbine Array, Codington and Grant Counties, South Dakota.” The survey of the 3 

turbine locations was consistent with my recommendations.  4 

 5 

However, I am waiting for the architectural properties survey and the survey of the 6 

remaining facilities, such as, access roads, crane paths, collection lines, O&M 7 

facilities, concrete batch plant and laydown areas.    8 

 9 

Q. Do you agree with Crowned Ridge Wind’s conclusions made in the 10 

Application and testimony regarding impacts to cultural resources and 11 

places of historical significance? If not, please explain. 12 

A. I cannot comment until the additional survey information is provided.  13 

 14 

Q. Is SHPO waiting for any additional studies to review? If so, please explain 15 

what those studies are and what SHPO will ultimately do with those studies. 16 

A.   Yes. I am waiting for the survey of the architectural properties and remaining 17 

facilities, such as, access roads, crane paths, collection lines, O&M facilities, 18 

concrete batch plant and laydown areas.    19 

 20 

Q. In your opinion, does the Application and Crowned Ridge Wind’s pre-filed 21 

testimony as presented to the Commission contain enough information to 22 
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5 
 

properly understand any potential adverse impacts to places of historical 1 

significance and cultural resources? If not, please explain. 2 

A.    I cannot comment until additional survey information is provided.   3 

 4 

Q. If Crowned Ridge Wind changed any turbine locations from those presented 5 

in the preliminary layout could that change any of the conclusions Crowned 6 

Ridge made regarding potential impacts to places of historical significance 7 

and cultural resources?  Please explain. 8 

A.    It is unlikely that a change in the preliminary layout would physically impact any 9 

properties that are listed in the State or National Register of Historic Places.  10 

  11 

Q. Do you have a recommendation for a permit condition, or conditions, the 12 

Commission should consider?   13 

A.   1. Not only are cultural resource sites non-renewable, but no two sites are same. 14 

Once a resource is damaged or destroyed, the information the resource may 15 

contain about the history of South Dakota is gone.  Therefore, I recommend the 16 

following condition: 17 

 “The Applicant agrees to avoid direct impacts to cultural resources that are 18 

unevaluated, eligible for or listed in the National Register of Historic Places 19 

(NRHP).  When a NRHP unevaluated, eligible or listed site cannot be 20 

avoided, Applicant shall notify the State Historic Preservation Office 21 

(SHPO) and the Commission of the reasons that complete avoidance 22 
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6 
 

cannot be achieved in order to coordinate minimization and/or treatment 1 

measures.” 2 

 3 

 2.  The Sisseton-Wahpeton Oyate, Yankton Sioux, Rosebud Sioux and Spirit Lake 4 

Tribal Historic Preservation Officers (THPOs) have determined that the Project will 5 

impose setting-related impacts at sites of traditional, cultural and religious 6 

importance to Native peoples and have the support of the project archaeologists. 7 

The Project developers worked with the THPOs to create the following avoidance, 8 

minimization, and mitigation measures for TCPs. Therefore, I recommend the 9 

following condition as outlined in the Application on page 103, Section 18.6.3.1: 10 

 11 

 “The Applicant agrees to implement the avoidance, minimization and 12 

mitigation measures identified for TCPs: 13 

• Implement standard avoidance or resource protection 14 

practices (e.g., barrier fencing, contractor training) where 15 

feasible in collaboration with the Sisseton-Wahpeton Oyate, 16 

Yankton Sioux, Rosebud Sioux and Spirit Lake THPOs and 17 

the Applicant. 18 

• Make best effort to identify participating landowners who may 19 

be willing to work with the tribes on site preservation, 20 

accessibility and protection of TCPs on their property. 21 

• Conduct site revisits prior to construction. 22 
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7 
 

• Help facilitate post-construction site revisits for tribes with the 1 

landowners.  2 

• Identify and implement education/interpretation opportunities 3 

regarding tribal resource preservation and/or Native American 4 

perspectives which may include sensitivity training when 5 

needed. “ 6 

 7 

Q. Does this conclude your testimony? 8 

A.   Yes. 9 

 
006339

ADMINISTRATIVE RECORD Page 74 of 285

- Page 1513 -



PAIGE HOSKINSON OLSON 
Pierre, SD 57501 

Education 

1998-2001 Master of Arts, Anthropology 
University of Montana, Missoula, MT  
Major: Cultural Resource Management 
Minor: Archaeology 

1989-1995 Bachelor of Arts 
University of Montana, Missoula, MT 
Major: History 
Minor: Political Science 

1985-1989 Whitehall High School, Whitehall, MT 

Professional Experience 

January 2007 - 
Present 

Archaeological Review and Compliance Coordinator, South Dakota State Historical 
Society - State Historic Preservation Office (SHPO), 900 Governors Drive, Pierre, SD   

 Assess impact of projects on historic properties and ensure those properties are taken
into consideration during planning and implementation of project in accordance with
Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended
and South Dakota’s state preservation law, South Dakota Codified Law 1-19A-11.1.

 Assess the eligibility of properties for listing on the National  Register of
Historic Places in accordance with the criteria developed by the National
Park Service.

 Review archaeological survey reports and documentation submitted by federal, state
and contracting archaeologist to determine if proper methodology and standards
established by state and federal government are met.

 Negotiate with and assist agencies in developing legal agreements to mitigate effects
to historic properties, such as memorandums of agreement.

 Negotiate with and assist agencies in developing legal agreements to provide for
alternative review and compliance procedures, such as programmatic agreements.

 Provide technical assistance to government and tribal officials, contactors, and the
general public concerning federal and state laws.

 Participate in consultation meetings to discuss project effects on historic properties
with federal, state and tribal officials.

 Develop effective public information programs about state and federal preservation
laws and archaeology.

 Ensure a database of all projects submitted for review is maintained and accurate for
reports and future federal funding requests.

 Monitor changes in the interpretation of federal and state rules and regulations.
 Provide work direction and training for review and compliance program staff to

ensure project are reviewed in an accurate, consistent and timely manner.
 Supervise student interns and volunteers in various projects.
 Site Manager for Fort Pierre Chouteau National Historic Landmark.
 Prepare and write comprehensive plans to manage cultural resources in South Dakota

and update guidelines to ensure historic properties are identified and protected.
 Manage contracts focused on archaeology.
 Coordinate annual Archaeology Camp for twenty school age children.

Exhibit___PO-1 
Page 1 of 5

 
006340

ADMINISTRATIVE RECORD Page 75 of 285

- Page 1514 -



 Participate in State Hazard Mitigation Group.
 Participated as a member of the Social Cultural Economic Technical Team for the

development of the Missouri River Ecosystem Restoration Plan.

June 2002 – 
January 2007 

Historic Archaeologist, South Dakota State Historical Society - State Historic 
Preservation Office, 900 Governors Drive, Pierre, SD   

 Assessed impact of projects on historic properties and ensure those properties are
taken into consideration during planning and implementation of project in accordance
with Section 106 of the National Historic Preservation Act and South Dakota’s state
preservation law, South Dakota Codified Law 1-19A-11.1.

 Assessed properties eligibility for listing on the National Register of Historic Places
in accordance with criteria established by the National Park Service.

 Reviewed archaeological survey reports and documentation submitted by federal,
state and contracting archaeologist to determine if proper methodology and standards
established by the state and federal government are met.

 Negotiated with and assisted agencies in developing legal agreements to mitigate
effects to historic properties, such as memorandums of agreement.

 Negotiated with and assisted agencies in developing legal agreements to provide for
alternative review and compliance procedures, such as programmatic agreements.

 Provided technical assistance to government officials, contactors, and the general
public concerning federal and state laws and compliance requirements under Section
106 of the National Historic Preservation Act.

 Maintained a database of all projects submitted for review.
 Supervised student interns in various projects.
 Site Manager for two National Historic Landmarks owned by the state.
 Updated state guidelines for cultural resource surveys and survey reports specifically

for Section 106 review and compliance.
 Managed contracts focused on archaeology.
 Coordinated Archaeology/ Preservation Month.

April 2001- 
June 2002 

Historic Preservation Specialist, South Dakota State Historical Society - State Historic 
Preservation Office  
900 Governors Drive, Pierre, SD   

 Functioned as West River Coordinator for National and State Register of Historic
Places Programs, Certified Local Government program and historic preservation grant
program.

 Apply National Register Criteria to make preliminary determinations of eligibility for
listing properties on the National Register of Historic Places.

 Prepared and edited in house National and State Register Nominations.
 Surveyed commercial and residential districts to update existing National Register

nominations.
 Furnished technical advice and grant management services to local historic

preservation organizations and the general public.
 Acted as contact for GIS Technical Advisory Group.
 Used GoeExplorer III for data collection and ArcView/Mapit to create accurate maps.
 Consulted on review and compliance issues under state preservation law.

January 2000 – 
April 2001   

Archival Technician, National Park Service, Grant-Kohrs Ranch National Historic Site, 
PO Box 790, Deer Lodge, MT  

 Functioned as field archaeologist observing ground disturbing activities and making
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onsite assessments for work associated with Natural Resource Damage Assessment.   
 Acted as liaison between NPS personnel and University of Montana field research 

crews.  
 Worked closely with Natural Resource Management Division to protect cultural and 

natural resources. 
 Oversaw groundwater, soil, vegetation and range management research occurring at 

the Grant-Kohrs Ranch.  
 Provided relevant information to University of Montana field crews to comply with 

state and federal laws. 
 Drafted necessary documents involving Section 106 compliance for the Montana 

State Historic Preservation Office.  
 Attended and represented the Grant-Kohrs Ranch at Natural Resource Damage 

Assessment meetings. 
 Gathered financial information for Natural Resource Damage Assessment cost 

recovery. 
 Maintained Administrative Record for Grant-Kohrs Ranch damage assessment. 
 Worked with confidential and sensitive legal material. 
 Completed a two-month detail in Atlanta, Georgia working directly with NPS Natural 

Resource Damage Assessment staff. 
 

January 2000 –  
May 2001 

Thesis Project, Bureau of Land Management, Fort Missoula Road, Missoula, MT 
 
 Updated Cultural Resource Inventory for abandoned mining town of Coloma.  
 Surveyed and recorded approximately 149 structures and features related to mining 

activities. 
 Used GeoExplorer II for data collection to map structures and features. 
 Documented current condition of structures and features using appropriate Bureau of 

Land Management forms and photographs. 
 Completed literature search and develop comprehensive history of Coloma. 
 Researched and compiled annotated bibliography. 
 Supervised documentation of archaeology sites by volunteers. 
 

February 2000 – 
May 2000 

Intern, Montana State Historic Preservation Office, Helena, MT 
 
 Performed record searches and entered archaeology site data using Oracle databases: 

Cultural Resource Information System, Cultural Resource Annotated Bibliography 
System, and Project, Eligibility and Effect Reports System.  

 Compiled information to complete narrative and physical descriptions for nomination 
of historic district.   

 Completed National Register of Historic Places nomination for Slayton Mercantile, 
Lavina, Montana. 

 Surveyed and evaluated historic structures located within historic district for 
nomination as National Historic Landmark. 

 Reviewed and prepared site files to be assigned Smithsonian Numbers. 
 

 Field Schools and Volunteer Experience 

 
April 2014 Natural Resource Conservation Service, Pierre Field Office, Pierre, SD 

 
 Assisted NRCS Archaeologist in three archaeological inventories for the placement of 

pipelines and tanks. 
 Inventory included walking transects to identify historic and prehistoric resources.  
 

October 1999 – Bureau of Land Management, Fort Missoula Road, Missoula, MT 
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November 1999  
 Assisted BLM Archaeologist in archaeological inventory for timber sale and land 

exchange.  
 Walked 30 meter transects to identify historic and prehistoric artifacts and features. 
 Identified and recorded prehistoric and historic sites 
 

July 1998 University of Montana Field School, Prehistoric Campsite 
Department of Anthropology, Missoula, MT 
 
 Laid out, excavated, and screened soil from excavation units. 
 Conducted block style excavations. 
 Mapped vertical and horizontal stratigraphy. 
 Point plotted artifacts and established vertical provenience. 
 Maintained detailed excavation notes.  
 

August 1998 - 
December 1998 

University of Montana Field School, Historic Structure at Fort Missoula 
Department of Anthropology, Missoula, MT  
 
 Laid out, excavated, and screened soil from excavation units. 
 Conducted block style excavations. 
 Mapped vertical and horizontal stratigraphy. 
 Point plotted artifacts and established vertical provenience. 
 Maintained detailed excavation notes. 
 

 

 Training 

 

July 2015 The Section 106 Advanced Seminar 

Advisory Council on Historic Preservation 
Pierre, SD 
 

July 2015 Section 106 Essentials 

Advisory Council on Historic Preservation 
 Pierre, SD 
 

June 2014 Working in Indian Country 

Larry D. Keown 
Rapid City, SD 
 

May 2014 Current Archaeological Prospection Advances for Non-Destructive Investigations in the 

21
st
 Century 

National Park Service, Midwest Archeological Center 
Aztalan State Park., Aztalan, WI 
 

September 2012 Archaeological Damage Investigation and Assessment; Archaeological Violation 

Investigation Class 

Martin E. McAllister  
Pierre, SD 
 

August 2010 
 
 
 

National Register/ National Historic Landmark Workshop 

National Park Service 
Virginia City, NV 

June 2008 Section 106 Essentials 

Advisory Council on Historic Preservation, Pierre, SD  
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April 2008 Native American Sensitivity Training 

Curley Youpee, Russell Eagle Bear and Ben Rhodd 
Pierre, SD 
 

May 2007 
 

Identification and Management of Traditional Cultural Places 

National Preservation Institute, Claudia Nissley 
Seattle, WA 
 

February 2006 
 

National Environmental Policy Act (NEPA) Training 
Federal Highway Administration 
Pierre, SD 
 

November 2005 -
December 2005 

Native American Awareness Training 
Albert White Hat, Dorothy LeBeau, Wayne Evans, and Craig Howe 
Pierre, SD 
 

August 2005 
 

Shenandoah-Dives Mill HAER Documentation and Historic Structure Assessment 

Workshop 
San Juan Historical Society 
Silverton, CO 
 

September 2004 
 

Section 106: How to Negotiate and Write Agreements 

National Preservation Institute,  Claudia Nissley 
Honolulu, HI 
 

September 2004 
 

Integrating Cultural Resources in NEPA Compliance 

National Preservation Institute, Claudia Nissley 
Honolulu, HI 
 

July 2003 
 

Archaeological Law Enforcement Class 

Archaeological Resource Investigations, Martin McAllister, Wayne Dance and John Fryar 
Pierre, SD 
 

September 2002 Section 106 for Practitioners 

National Preservation Institute, Tom King 
Seattle, WA 
 

July 2001 
 

Introduction to ArcView GIS Version 3.1 

Kadrmas, Lee and Jackson 
Pierre, SD 
 

 Publications 

 

 A Cultural Site Evaluation Coloma, Montana, 2000. Missoula: University of Montana 
Press, 2001.  
                 

 “Creations in Stone: Petroforms in East River SD”, South Dakota History. Vol. 35, No. 4 
(Winter 2005): 347-362. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Applicant's Amended Responses to 

Intervenor's Fourth Set of Data Requests to Crowned Ridge Wind, LLC in this matter 

were served electronically to the parties listed below on the 31st day of May, 2019, 

addressed to: 

Ms. Patricia Van Gerpen 
Executive Director 
patty. vangerpen@state.sd. us 

Ms. Kristen Edwards 
Staff Attorney 
Kristen ... dwards@state.sd.us 

Ms. Amanda Reiss 
Staff Attorney 
Amanda.reiss@state.sd. us 

Mr. Darren Kearney 
Staff Analyst 
Darren.kearney@state.sd.u 

Mr. Jon Thurber 
Staff Analyst 
Jon.thurber@stat .sd.us 

Mr. Eric Paulson 
Staff Analyst 
.. ric.paulson@state.sd. us 
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Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
Brian.j.murphy@n .com 

Mr. Tyler Wilhelm 
Associate Project Manager 
NextEra Energy Resources, LLC 
Tyler. Wi lhelm@nexteraenergy.com 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Mika].hanson@state.sd. us 

Ms. Cindy Brugman 
Auditor 
Codington County 
14 First Ave. SE 
Watertown, SD 57201 
cbrugman@codington.org 

Ms. Karen Layher 
Auditor 
Grant County 
210 E. Fifth Ave. 
Milbank, SD 57252 
Karen.Layher@state.sd. us 
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Mr. David Ganje 
Representing Intervenors Mr. Allen Robish. 
Ms. Amber Christenson, Ms. Kristi Mogen, 
Ms. Melissa Lynch and Mr. Patrick Lynch 
Ganje Law Offices 
davidganje@gan jelaw .com 

es . . ~h macher 
Attorneys for Applicant 
Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 
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Ms. Edwards 

Please find below exhibits that may be used in the telephonic testimony to be given by Mr. 
Hessler on June 6th if my pending Second Motion to Deny and Dismiss does not prevail. I ask 
Staff Counsel to please provide exhibit copies to Mr. Hessler ahead of time so that he has them 
in front of him for his telephonic testimony. I also respectfully ask Staff Counsel to provide 
copies of the attached exhibits to other appropriate parties for purposes of the possible telephonic 
hearing. l would appreciate it if Staff Counsel will confirm distribution. Additionally I ask that 
the attached exhibits be marked ahead of time by Staff Counsel so that proper reference to an 
exhibit may be made. I have written below an exhibit description for each exhibit - unless Staff 
has other suggestions. I am by email providing Applicant's counsel with copies. This list is not 
intended as Intervenors' final exhibit list, but rather is provided because of the possible 
testimony of Mr. Hessler 

Thanks much for your cooperation. 

wisconsin Public 
Service Commi ... 

NARUC 
Minnesota PUC ... 

Paul Schomer 
2017 Hessler.pdf 

Int. 1 

Int. 2 

Int. 3 
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Hessler et al 2017 
article.pdf... 

Hessler 
Recommneded ... 

Int. 4 

Int. 5 

 
006349

ADMINISTRATIVE RECORD Page 84 of 285

- Page 1523 -



 
Report Number 122412-1                                                                                                        Page 1 of 13 

 
 

Report Number 122412-1 
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Revised: 
 
 

A Cooperative Measurement Survey and Analysis of 
Low Frequency and Infrasound at the Shirley Wind Farm in  

Brown County, Wisconsin 
 

 
 

Prepared Cooperatively By: 
 

Channel Islands Acoustics, Camarillo, CA 
Principal: Dr. Bruce Walker 

 
Hessler Associates, Inc., Haymarket, VA 
Principals: George F. and David M. Hessler 

 
Rand Acoustics, Brunswick, ME 

Principal: Robert Rand 
 

Schomer and Associates, Inc., Champaign, IL 
Principal: Dr. Paul Schomer 
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1.0_Introduction 
Clean Wisconsin is a nonprofit environmental advocacy organization that works to protect Wisconsin’s 
air and water and to promote clean energy. As such, the organization is generally supportive of wind 
projects. Clean Wisconsin was retained by the Wisconsin Public Service Commission (PSC) to provide an 
independent review of a proposed wind farm called the Highlands Project to be located in St. Croix 
County, WI (WI PSC Docket 2535-CE-100).  Clean Wisconsin in turn retained Hessler Associates, Inc. 
(HAI) to provide technical assistance. 
 
During the course of the hearings, attorneys representing groups opposed to the Highlands project, 
presented witnesses that lived near or within the Shirley Wind project in Brown County, WI.  The Shirley 
wind project is made up of eight Nordex100 wind turbines that is one of the turbine models being 
considered for the Highlands projects.  These witnesses testified that they and their children have suffered 
severe adverse health effects to the point that they have abandoned their homes at Shirley.  They attribute 
their problems to arrival of the wind turbines. David Hessler, while testifying for Clean Wisconsin, 
suggested a sound measurement survey be made at the Shirley project to investigate low frequency noise 
(LFN) and infrasound (0-20 Hz) in particular. 
 
Partial funding was authorized by the PSC to conduct a survey at Shirley and permission for home entry 
was granted by the three homeowners.  The proposed test plan called for the wind farm owner, Duke 
Power, to cooperate fully in supplying operational data and by turning off the units for short intervals so 
the true ON/OFF impact of turbine emissions could be documented.  Duke Power declined this request 
due to the cost burden of lost generation, and the homeowners withdrew their permission at the last 
moment because no invited experts on their behalf were available to attend the survey. 
 
Clean Wisconsin, their consultants and attorneys for other groups all cooperated and persisted and the 
survey was rescheduled for December 4 thru 7, 2012.  Four acoustical consulting firms would cooperate 
and jointly conduct and/or observe the survey.  Channel Islands Acoustics (ChIA) has derived modest 
income while Hessler Associates has derived significant income from wind turbine development projects. 
Rand Acoustics is almost exclusively retained by opponents of wind projects.  Schomer and Associates 
have worked about equally for both proponents and opponents of wind turbine projects.  However, all of 
the firms are pro-wind if proper siting limits for noise are considered in the project design.   
 
The measurement survey was conducted on schedule and this report is organized to include four 
Appendices A thru D where each firm submitted on their own letterhead a report summarizing their 
findings.  Based on this body of work, a consensus is formed where possible to report or opine on the 
following: 
 

• Measured LFN and infrasound documentation 
• Observations of the five investigators on the perception of LFN and infrasound both outside and 

inside the three residences. 
• Observations of the five investigators on any health effects suffered during and after the 3 to 4 

day exposure. 
• Recommendations with two choices to the PSC for the proposed Highlands project 
• Recommendations to the PSC for the existing Shirley project 
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2.0_Testing Objectives 
Bruce Walker employed a custom designed multi-channel data acquisition system to measure sound 
pressure in the time domain at a sampling rate of 24,000/second where all is collected under the same 
clock.  The system is calibrated accurate from 0.1 Hz thru 10,000 Hz.  At each residence, channels were 
cabled to an outside wind-speed anemometer and a microphone mounted on a ground plane covered with 
a 3 inch hemispherical wind screen that in turn was covered with an 18 inch diameter and 2 inch thick 
foam hemispherical dome (foam dome). Other channels inside each residence were in various rooms 
including basements, living or great rooms, office/study, kitchens and bedrooms.  The objective of this 
set-up was to gather sufficient data for applying advanced signal processing techniques.  See Appendix A 
for a Summary of this testing. 
 
George and David Hessler employed four off-the-shelf type 1 precision sound level meter/frequency 
analyzers with a rated accuracy of +/- 1 dB from 5 Hz to 10,000 Hz.  Two of the meters were used as 
continuous monitors to record statistical metrics for every 10 minute interval over the 3 day period.  One 
location on property with permission was relatively close (200m) to a wind turbine but remote from the 
local road network to serve as an indicator of wind turbine load, ON/OFF times and a crude measure of 
high elevation wind speed. See cover photo. This was to compensate for lack of Duke Power’s 
cooperation. The other logging meter was employed at residence R2, the residence with the closest 
turbines. The other two meters were used to simultaneously measure outside and inside each residence for 
a late night and early morning period to assess the spectral data.  See Appendix B for a Summary of this 
testing. 
 
Robert Rand observed measurements and documented neighbor reports and unusual negative health 
effects including nausea, dizziness and headache. He used a highly accurate seismometer to detect 
infrasonic pressure modulations from wind turbine to residence. See Appendix C for Rob's Summary. 
 
Paul Schomer used a frequency spectrum analyzer as an oscilloscope wired into Bruce’s system to detect 
in real time any interesting occurrences.  Paul mainly circulated around observing results and questioning 
and suggesting measurement points and techniques.  See Appendix D for Paul’s Summary. 
 
Measurements were made at three unoccupied residences labeled R1, R2 and R3 on Figure 2.1.  The 
figure shows only the five closest wind turbines and other measurement locations. All in all, the 
investigators worked very well together and there is no question or dispute whatsoever about 
measurement systems or technique and competencies of personnel. Of course, conclusions from the data 
could differ.  Mr. M. Hankard, acoustical consultant for the Highland and Shirley projects, accompanied, 
assisted and observed the investigators on Wednesday, 12/5. 
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Figure 2.1:  Aerial view showing sound survey locations

R3: 3820 SCHMIDT ROAD

R1: 6034 FAIRVIEW ROAD

R2: 5792 GLENMORE ROAD

Ref. WIND TURBINE LOCATIONS

7000'

3500'

1100'

WTG 3

WTG 7

WTG 8

WTG 6

WTG 5

ON/OFF MEASUREMENT LOCATION
(269m TO NACELLE)

MON 2-CONTINUOUS MONITOR

MON 1-CONTINUOUS MONITOR
(201m TO NACELLE) 

WTG 1 AND 2,
11,200' SOUTH
OF REIDENCE R3

 
 

 
The four firms wish to thank and acknowledge the extraordinary cooperation given to us by the residence 
owners and various attorneys. 
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3.0_Investgator Observations 
Observations from the five investigators are tabulated below:  It should be noted the investigators had a 
relatively brief exposure compared to 24/7 occupation. 
 
AUDIBILITY OUTSIDE RESIDENCES

Observations
Bruce Walker Could detect wind turbine noise at R1, easily at R2, but not at all at R3
George Hessler Could detect wind turbine noise at R1, easily at R2, but not at all at R3
David Hessler Could detect wind turbine noise at R1, easily at R2, but not at all at R3
Robert Rand Could detect wind turbine noise at all residences
Paul Schomer Not sure at R1 but could detect wind turbine noise at R2, not at all at R3

AUDIBILITY INSIDE RESIDENCES
Observations

Bruce Walker Could not detect wind turbine noise inside any home
George Hessler Could not detect wind turbine noise inside any home
David Hessler Could faintly detect wind turbine noise in residence R2
Robert Rand Could detect wind turbine noise inside all three homes
Paul Schomer Could not detect wind turbine noise inside any home

EXPERIENCED HEALTH EFFECTS
Observations

Bruce Walker No effects during or after testing
George Hessler No effects during or after testing
David Hessler No effects during or after testing
Robert Rand Reported ill effects (headache and/or nausea while testing and severe effects for 3+ days after testing
Paul Schomer No effects during or after testing  
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4.0_Conclusions  
This cooperative effort has made a good start in quantifying low frequency and infrasound from 
wind turbines.   
 
Unequivocal measurements at the closest residence R2 are detailed herein showing that wind 
turbine noise is present outside and inside the residence.  Any mechanical device has a unique 
frequency spectrum, and a wind turbine is simply a very very large fan and the blade passing 
frequency is easily calculated by RPM/60 x the number of blades, and for this case; 14 RPM/60 
x 3 = 0.7 Hz.  The next six harmonics are 1.4, 2.1, 2.8, 3.5, 4.2 & 4.9 Hz and are clearly evident 
on the attached graph below.  Note also there is higher infrasound and LFN inside the residence 
in the range of 15 to 30 Hz that is attributable to the natural flexibility of typical home 
construction walls.  This higher frequency reduces in the basement where the propagation path is 
through the walls plus floor construction but the tones do not reduce appreciably. 
 

 
Measurements at the other residences R1 and R3 do not show this same result because the 
increased distance reduced periodic turbine noise closer to the background and/or turbine loads 
at the time of these measurements resulted in reduced acoustical emission. Future testing should 
be sufficiently extensive to cover overlapping turbine conditions to determine the decay rate with 
distance for this ultra low frequency range, or the magnitude of measurable wind turbine noise 
with distance. 
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The critical questions are what physical effects do these low frequencies have on residents and 
what LFN limits, if any, should be imposed on wind turbine projects.  The reported response at 
residence R2 by the wife and their child was extremely adverse while the husband suffered no ill 
effects whatsoever, illustrating the complexity of the issue. The family moved far away for a 
solution.   
 
A most interesting study in 1986 by the Navy reveals that physical vibration of pilots in flight 
simulators induced motion sickness when the vibration frequency was in the range of 0.05 to 0.9 
Hz with the maximum (worst) effect being at about 0.2 Hz, not too far from the blade passing 
frequency of future large wind turbines.  If one makes the leap from physical vibration of the 
body to physical vibration of the media the body is in, it suggests adverse response to wind 
turbines is an acceleration or vibration problem in the very low frequency region.   
 
The four investigating firms are of the opinion that enough evidence and hypotheses have been 
given herein to classify LFN and infrasound as a serious issue, possibly affecting the future of 
the industry.  It should be addressed beyond the present practice of showing that wind turbine 
levels are magnitudes below the threshold of hearing at low frequencies.  
 
 
5.0_Recommendations  
5.1_General 
We recommend additional study on an urgent priority basis, specifically:  
 

• A comprehensive literature search far beyond the search performed here under time 
constraints. 

• A retest at Shirley to determine the decay rate of ultra low frequency wind turbine sound 
with distance with a more portable system for measuring nearly simultaneously at the 
three homes and at other locations. 

• A Threshold of Perception test with participating and non-participating Shirley residents. 
 

5.2_For the Highlands Project 
ChIA and Rand do not have detail knowledge of the Highland project and refrain from specific 
recommendations.  They agree in principle to the conclusions offered herein in Section 4.0. 
 
Hessler Associates has summarized their experience with wind turbines to date in a peer-reviewed 
Journal1 and have concluded that adverse impact is minimized if a design goal of 40 dBA (long term 
average) is maintained at all residences, at least at all non-participating residences. To the best of their 
knowledge, essentially no annoyance complaints and certainly no severe health effect complaints, as 
reported at Shirley, have been made known to them for all projects designed to this goal.  
 
 
 
 

                                                 
1 Hessler G., & David, M., “Recommended noise level design goals and limits at residential receptors for 
wind turbine developments in the United States”, Noise Control Engineering Journal, 59(1), Jan-Feb 2011 
 

 
006356

ADMINISTRATIVE RECORD Page 91 of 285

- Page 1530 -



 
Report Number 122412-1                                                                                                        Page 8 of 13 

 
 
Schomer and Associates, using an entirely different approach have concluded that a design goal of 39 
dBA is adequate to minimize impact, at least for an audible noise impact. In fact, a co-authored paper2 is 
planned for an upcoming technical conference in Montreal, Canada.   
 
Although there is no explicit limit for LFN and infrasound in these A-weighted sound levels above, the 
spectral shape of wind turbines is known and the C-A level difference will be well below the normally 
accepted difference of 15 to 20 dB. It may come to be that this metric is not adequate for wind turbine 
work but will be used for the time being.  
 
Based on the above, Hessler Associates recommends approval of the application if the following Noise 
condition is placed on approval: 
 

With the Hessler recommendation, the long-term-average (2 week sample) design goal for sound 
emissions attributable to the array of wind turbines, exclusive of the background ambient, at all 
non-participating residences shall be 39.5 dBA or less. 
 

Schomer and Associates recommends that the additional testing listed in 5.3 be done at Shirley on a very 
expedited basis with required support by Duke Energy prior to making a decision on the Highlands 
project.  It is essential to know whether or not some individuals can perceive the wind turbine operation at 
R1 or R3.  With proper resources and support, these studies could be completed by late February or early 
March.  If a decision cannot be postponed, then Schomer and Associates recommends a criterion level of 
33.5 dB.  The Navy's prediction of the nauseogenic region (Schomer Figure 6 herein) indicates a 6 dB 
decrease in the criterion level for a doubling of power such as from 1.25 MW to 2.5 MW. 

 
With the Schomer recommendation, and in the presence of a forced decision, the long-term-
average (2 week sample) design goal for sound emissions attributable to the array of wind 
turbines, exclusive of the background ambient, at all non-participating residences shall be 33.5 
dBA or less. 

 
There is one qualifier to this recommendation.  The Shirley project is unique to the experience of the two 
firms in that the Nordex100 turbines are very high rated units (2.5 MW) essentially not included in our 
past experiences.  HAI has completed just one project, ironically named the Highlands project in another 
state that uses both Nordex 90 and Nordex 100 units in two phases.   There is a densely occupied Town 
located 1700 feet from the closest Nordex 100 turbine. The president and managers of the wind turbine 
company report “no noise issues at the site”.  
 
Imposing a noise limit of less than 45 dBA will increase the buffer distances from turbines to houses or 
reduce the number of turbines so that the Highlands project will not be an exact duplication of the Shirley 
project.  For example, the measured noise level at R2 is approximately 10 dBA higher than the 
recommendation resulting in a subjective response to audible outside noise as twice as loud. Measured 
levels at R1 and R3 would comply with the recommendation.   
 
We understand that the recommended goal is lower than the limit of 45 dBA now legislated, and may 
make the project economically unviable.  In this specific case, it seems justified to the two firms to be 
conservative (one more than the other) to avoid a duplicate project to Shirley at Highlands because there 
is no technical reason to believe the community response would be different. 
 
 
 
                                                 
2 Schomer, P. & Hessler, G., “Criteria for wind-turbine noise immissions”, ICA, Montreal, Canada 2013 
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5.3_For the Shirley Project 
The completed testing was extremely helpful and a good start to uncover the cause of such severe adverse 
impact reported at this site. The issue is complex and relatively new.  Such reported adverse response is 
sparse or non-existent in the peer-reviewed literature. At least one accepted paper at a technical 
conference3 has been presented.  There are also self-published reports on the internet along with much 
erroneous data based on outdated early wind turbine experience.   
 
A serious literature search and review is needed and is strongly recommended.  Paul Schomer, in the brief 
amount of time for this project analysis, has uncovered some research that may provide a probable cause 
or direction to study for the reported adverse health effects.  We could be close to identifying a 
documented cause for the reported complaints but it involves much more serious impartial effort. 
  
An important finding on this survey was that the cooperation of the wind farm operator is absolutely 
essential.  Wind turbines must be measured both ON and OFF on request to obtain data under nearly 
identical wind and power conditions to quantify the wind turbine impact which could not be done due to 
Duke Power’s lack of cooperation.  
 
We strongly recommend additional testing at Shirley.  The multi-channel simultaneous data acquisition 
system is normally deployed within a mini-van and can be used to measure immissions at the three 
residences under the identical or near identical wind and power conditions. In addition, seismic 
accelerometer and dedicated ear-simulating microphones can be easily accommodated. And, ON/OFF 
measurements require the cooperation of the operator.   
 
Since the problem may be devoid of audible noise, we also recommend a test as described by Schomer in 
Appendix D to develop a “Threshold of Perception” for wind turbine emissions. 

 
____________________________ 
Bruce Walker 

 
___________________________________ 
George F. Hessler Jr. 

 
___________________________________ 
David M. Hessler 
 

 
___________________________________ 
Robert Rand 
 
 
__________________________________ 
Paul Schomer
                                                 
3 Ambrose, S. E., Rand, R. W., Krogh, C. M., “Falmouth, Massachusetts wind turbine infrasound and low frequency 
noise measurements”, Proceedings of Inter-Noise 2012, New York, NY, August 19-22. 
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APPENDIX A 
by  

CHANNEL ISLANDS ACOUSTICS 
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Channel Islands Acoustics 
676 West Highland Drive 

Camarillo, CA 93010 
805-484-8000   FAX 805-482-5075 

bwalker@channelislandsacoustics.com 
	
Low	Frequency	Acoustic	Measurements	at	Shirley	Wind	Park	
	
Bruce	Walker,	Ph.D.,	INCE	Bd.	Cert.	
	
OVERVIEW	

Bruce	Walker	of	Channel	Islands	Acoustics	(ChIA)	was	requested	by	Hessler	
Associates	to	assist	in	defining	low	and	infrasonic	frequency	(approximately	0.5	–	
100	Hz)	sounds	at	abandoned	residences	in	the	environs	of	Shirley	Wind	Park	near	
DePere,	WI.		ChIA	has	been	developing	a	measurement	system	that	combines	
extended	range	microphones	and	recording	equipment	with	mixed	time	domain	and	
frequency	domain	signal	processing	in	an	effort	to	quantify	sound	levels	and	
waveform	properties	of	very	low	frequency	periodic	signals	radiated	by	large	wind	
turbinesi	.			

The	Shirley	Wind	park	consists	of	eight	Nordex	turbines	with	85	meter	hub	height	
and	100	meter	rotor	diameter.		These	turbines	are	distributed	over	an	
approximately	six	square	mile	area	in	Brown	County,	WI	as	shown	in	Figure	1.		The	
turbines	are	of	similar	in	size	to	those	investigated	in	Ref.	1.			

	
Figure	1.		Environs	of	Shirley	Wind	Park,	Showing	Eight	Turbines	and	Three	
Abandoned	Residences	Investigated	in	the	Program	
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The	tests	included	acoustic	measurement	at	multiple	locations	inside	and	outside	
three	abandoned	residences,	at	nominal	distances	and	bearings	from	the	three	
turbines	as	shown	in	Table	1,	and	will	be	described	in	greater	detail	in	a	subsequent	
section.		Test	methodology	and	schedule	were	constrained	to	a	testing	period	
December	4‐7	and	inability	to	park	the	turbines	to	establish	a	reliable	background	
noise	baseline.			
	
Table	1.		Distances	in	feet	and	Bearing	in	degrees	East	of	North	from	Turbines	to	Tested	
Residences	

	
	
ChIA	measurements	were	conducted	at	residence	R1	(Fairview)	on	the	evening	of	
December	4	and	the	early	afternoon	of	December	5.		Measurements	were	conducted	
at	residence	R2	(Glenmore)	during	late	evening	and	late	night	December	5/early	
morning	December	6	and	mid‐afternoon	December	6.		Measurements	were	
conducted	at	residence	R3	(Schmidt)	during	late	afternoon	December	6	and	mid‐
morning	December	7.		Times	of	tests	are	mean	wind	speeds	are	shown	in	Table	3.	
	
TERMINOLOGY	

It	is	assumed	the	reader	is	familiar	with	commonly	encountered	acoustical	terms	
and	units	such	as	decibel	(dB),	sound	level,	sound	pressure	level,	sound	power	level,	
spectrum,	frequency,	hertz	(Hz),	etc.		The	following	is	a	brief	glossary	of	terms	and	
units	that	lay‐persons	may	not	be	familiar	with,	but	which	will	be	used	to	describe	
some	of	the	data	analyses	in	this	program.	

pascals	(Pa)	–	the	standard	unit	of	pressure.		The	reference	sound	pressure	is	20	
microPa.		Atmospheric	pressure	is	just	over	100,000	Pa.		An	acoustic	signal	of	1	Pa	
rms	amplitude	has	a	sound	pressure	level	of	94	dB.	

correlation	function	(CC())	–	a	time‐domain	description	of	the	commonality	
between	two	signals	as	a	function	of	the	time	delay	between	them.		The	unit	is	Pa‐
squared.		The	correlation	function	for	a	signal	and	itself	is	the	auto‐correlation,	and	
the	rms	amplitude	of	the	signal	is	the	square‐root	of	the	auto‐correlation	at	zero	
delay.		The	correlation	function	between	separate	signals	is	the	cross‐correlation.		
The	peak	delay	of	the	cross‐correlation	time	the	speed	of	propagation	shows	the	
difference	in	path	length	between	the	two	signals	if	they	result	from	a	common	

Receiver Rl R2 R3 
Source Distance Bearing Distance Bearing Distance Bearing 
WTG1 18300 74 15400 53 12250 31 
WTG2 18050 78 14800 57 11300 34 
WTG3 6270 82 5290 11 8140 322 
WTG4 5070 63 6650 353 10330 319 
WTG5 3990 93 4330 343 9020 307 
WTG6 3303 72 5810 338 10470 309 
WTG7 4870 141 2280 286 8360 282 
WTG8 5540 127 1280 322 7110 288 
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source.		The	correlation	coefficient	is	the	cross‐correlation	function	divided	by	the	
product	of	the	square	roots	of	the	auto‐correlation	at	zero	delay.	

power	spectral	density	function	(PSD)	–	the	average	of	the	squared‐magnitude	of	
the	frequency	spectrum	of	a	time‐varying	signal,	divided	by	the	nominal	bandwidth	
(BW	in	Hz)	of	the	spectral	analysis.		The	unit	is	Pa‐squared	per	Hz.		Narrow	band	
sound	pressure	levels	in	this	report	are	computed	in	dB	as	10	log(PSD	x	BW)	+	94.	

cross‐PSD	–	the	frequency‐by‐frequency	average	of	the	products	of	the	spectra	
from	two	signals.			

coherence	function	‐	a	frequency‐domain	description	of	the	relative	commonality	
between	two	signals.		It	is	determined	as	the	frequency‐by‐frequency	ratio	of	the	
cross‐PSD	to	the	product	of	the	square	roots	of	the	two	PSD’s.		If	a	spectral	
component	in	two	signals	results	from	a	common	source,	the	coherence	is	unity	(1)	
and	if	the	spectral	component	results	from	two	statistically	independent	sources,	
the	coherence	is	zero.	

spectrograph	–	a	display	of	amplitude	as	color	or	brightness	vs	frequency	and	time.	

	

MEASUREMENT	SYSTEM	and	DATA	ACQUISITION	

A	basic	list	of	the	components	in	the	measurement	system	are	shown	in	Table	2.		
Serial	numbers	and	calibration	certifications	are	available	on	request.	

Table	2.		Basic	Components	of	ChIA	Low‐Frequency	Acoustic	Data	Acquisition	System	

	
As	deployed	in	this	program,	the	4193	microphones	with	low‐frequency	extensions,	
2639	preamplifiers	and	NEXUS	signal	conditioner	were	placed	in	three	or	four	
rooms	of	the	residences,	while	a	fifth	4193	and	a	2250	analyzer	was	placed	in	a	
standard	3‐1/2	inch	hemisphere	wind	ball	under	an	18	inch	foam	secondary	wind	
screen	on	a	ground	board	approximately	50	ft	from	the	residence	in	the	direction	of	
wind	turbines.		The	sixth	4193	and	second	2250	were	held	in	reserve	and	ultimately	
deployed	at	R3	on	December	7.		Full	system	throughput	calibration	was	run	for	all	
channels	each	day	and	after	each	equipment	relocation.	

Measurement	data	was	collected	with	simultaneous	in	10‐minute	blocks	at	sampling	
rate	24	kHz	as	shown	in	the	Test	Log,	Table	3.		The	signal	conditioning	amplifiers	
were	set	for	range	0.1	Hz	to	10	kHz.		Amplifier	sensitivities	were	set	to	allow	sound	
pressures	up	to	10	Pa	(114	dB)	to	be	accepted	without	system	overload.		The	output	
of	the	NRG	cup	anemometer/resolver	was	recorded	on	a	seventh	channel	of	the	

Item Type Number 
Portable Acoustic Analyzer B&K 2250 2 
Low Frequency Microphone B&K 4193 6 
Microphone Preamp B&K 2639 4 
Signal Conditioning Amp B&K NEXUS 2690-OS4 1 
24 Bit Simultaneous ADC DT9826-16 1 
Laptop Computer Acer =i 1 
Calibrator B&K 4231 1 
Anemometer NRG Cup & Resolver 1 
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recording	system.		Acoustic	signals,	wind	speed	signals,	set‐up	conditions	and	
microphone	location	descriptions	were	stored	in	Matlab	mat	files	and	portions	of	
the	recorded	signal	were	displayed	for	signal	quality	examination.	

Table	3.		Summary	Test	Log	

	

DATA	ANALYSIS	

For	each	ten‐minute	data	block,	the	following	computed	values	were	obtained	and	
stored:	

1. For	each	data	channel,	the	time	history	of	the	signal,	phaseless	band	pass	
filtered	from	0.5	to	100	Hz,	the	time	histories	of	Leq100ms	for	A,	C,	Z,	G	and	
0.5‐100	Hz	bandpass	filtering.	

2. For	each	data	channel,	the	0.1	Hz	narrow	band	and	one‐third	octave	
frequency	spectra	covering	the	range	0.5	to	1,000	Hz,	and	the	coherence	
function	between	the	outdoor	microphone	and	each	indoor	microphone.	

3. For	each	data	channel,	the	auto‐correlation	function	and	the	cross	correlation	
function	from	the	outdoor	microphone	to	each	indoor	microphone	for	the	
delay	range	‐10	to	+10	seconds.	

It	was	observed	in	the	time	history	plots	that	“high	intensity”	regions	in	the	indoor	
and	outdoor	microphone	channels	were	not	necessarily	aligned	in	time,	possibly	
indicating	that	indoor	noise	sometimes	resulted	from	sources	other	than	those	
affecting	the	outdoor	microphone.		To	study	this	in	additional	detail,	each	10‐minute	
data	block	was	analyzed	in	20‐second	sub‐blocks	for	narrow‐band	frequency	
spectrum,	cross‐spectrum	with	the	outdoor	microphone	and	coherence	with	the	
outdoor	microphone.			

Channel 
Location Rl 
04Tl82504 
04T184332 
04Tl91533 
04Tl92808 
0ST102032 
05Tll0121 
0ST112110 

Location R2 
05T204657 
05T212420 
0ST213611 
0ST221935 
0ST231754 
06T001413 
06T120621 
06Tl22547 

Location RJ 
06Tl35713 
06Tl42857 

Location RJ 
07T092024 

Location RJ 
07T094616 
07Tl00232 

2 3 4 
Study Desk MBR Bedhead Kitchen Counter Outside Wall 

Living Room Upstairs BR Behind Kitchen 

Family Room Upstairs BR Li'<l!!g Room 

Family Room Upstairs BR Living Room 

Family Room Upstairs BR No Signal 

Note Blue = Chevy SUV Front Seat 
Note Red = Problem Data 
Note Gray = Channel Not Used 

-
Basement 

Basement -No Signal 

Basement 

5 6 7 Date Start Time 
Outside Ground Board NO Signal Wind 

2.3 12/ 4/12 20:25:04 
2.2 12/ 4/ 12 20:43:32 
3.2 12/4/12 21: 15:33 
2.8 12/4/12 21 :28:08 
1.2 12/ 5/ 12 12:20:32 
1.4 12/ 5/ 12 13: 10:21 
1.5 12/ 5/ 12 13:21:10 

Outside Ground Board No Signal Wind 
. 12/5/12 22:46:57 

12/5/ 12 23:24:20 
2.3 12/5/12 23:36:11 
3.0 12/6/12 0:19:35 
3.2 12/ 6/ 12 1:17:54 
3.3 12/ 6/12 2:14:13 
2.1 12/ 6/ 12 14:06:21 
1.7 12/6/ 12 14:25:47 

Outside Ground Board No SI nal Wind 
2.0 12/ 6/ 12 15:57:13 
2.4 12/ 6/ 12 16:28:57 

Outside Ground Board lsotron 86 on K Island Wind 
1.1 12/ 7/ 12 11 :20:24 

Outside Ground Board Living Room 2250 Wind 
0.9 12/ 7/ 12 11:46:16 
1.1 12/7/12 12:02:32 
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Following	this,	the	spectrum	with	the	most	distinct	representation	of	turbine	blade	
passage	pulsation	was	identified.		From	the	Blade	Passage	harmonic	series	noted	for	
this	spectrum,	waveforms	were	synthesized	assuming	two	sets	of	phase	
relationships.		In	the	first,	the	harmonics	were	arranged	as	sine	waves	with	zero	
phase.		In	the	second,	they	were	arranged	as	cosine	waves	with	zero	phase.		The	
former	produces	a	composite	wave	with	maximum	wavefront	slope	while	the	latter	
produces	a	composite	wave	with	maximum	peak‐to‐rms	ratio	(crest	factor).	

	

RESULTS	EXAMPLES	

The	test	produced	a	large	compendium	of	testing	results,	which,	it	is	hoped,	can	be	
correlated	with	turbine	operating	conditions	from	data	yet	to	be	received.		Mean	
local	wind	speeds	for	all	blocks	are	shown	(meters	per	second)	in	Table	3.		
Illustrative	examples	showing	disparities	among	the	three	residences	are	shown	in	
the	following	graphs.		The	full	set	of	data	is	available	for	review.	

Figure	2	shows	a	sample	of	raw	data	collected	during	windy	conditions	at	Residence	
R2.		Note	that	apparently	wind‐driven	very	low	frequency	pressure	fluctuations	are	
well	synchronized	and	nearly	equal	in	amplitude	at	four	disparate	locations	within	
the	home.	

	
Figure	2.		First	Minute	of	Raw	Data	Collected	at	R2	On	Dec	6	Starting	00:19:35.		Note	very	
low	frequency	fluctuations	are	nearly	equal	at	four	locations.	
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Figure	3.		Low	Frequency	(0.1‐1,000	Hz)	Spectra	and	Coherence	from	Two	Rooms	in	R2	
measured	12/6/12	starting	00:19:35	showing	differences	in	detail	and	well	correlated	low‐
order	blade‐pass	harmonics.		Red	curve	is	measured	outdoors	between	turbines	and	home.	

	
Figure	4.		Low	Frequency	(0.1‐1,000	Hz)	Spectra	and	Coherence	from	Two	Rooms	in	R1	
measured	12/4/12	starting	21:15:33	showing	differences	in	detail	and	poorly	correlated	
low‐order	blade‐pass	harmonics.		Red	curve	is	measured	outdoors	between	turbines	and	
home.	
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Figure	5.		Low	Frequency	(0.1‐1,000	Hz)	Spectra	and	Coherence	from	Two	Rooms	in	R3	
measured	12/6/12	starting	15:57:13	showing	differences	in	detail,	poorly	correlated	low‐
order	blade‐pass	harmonics	and	well	correlated	tones	from	passing	vehicle	exhausts.		Red	
curve	is	measured	outdoors	between	turbines	and	home.	

	
Figure	6.		Low	Frequency	Spectra	and	Outdoor‐Indoor	Cross	Spectrograph	in	Basement	of	
R3	with	Helicopter	flyover.		Note	Doppler	shift	of	rotor	tone	from	20.5	Hz	on	approach	to	15	
Hz	receding.		Also	note	high	coherence	of	the	helicopter	rotor	blade	harmonics.		Note	very	
low	coherence	of	turbine	blade	frequencies	below	10	Hz,	suggesting	most	of	the	infrasound	
is	general	atmospheric	pressure	fluctuation	and	wind	force	on	the	residence.	
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Figure	7.		Short	(20	sec)	duration	spectrum	with	best	defined	turbine	blade	harmonics,	
multiples	of	0.7	Hz.		Overall	SPL	of	the	Blade	Pass	Signal	is	70	dB.	

	
Figure	8.		Turbine	blade‐pass	waveforms	synthesized	from	the	harmonic	series	shown	in	
Figure	7.		Peak‐to‐peak	SPL	of	the	left‐hand,	more	probable	signal	is	about	82	dB.			
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Figure	9.		0.5	Hz	Phaseless	High‐Pass	Filtered	Waves	Indoors	(upper)	and	Outdoors	at	R2,	
Corresponding	to	Spectrum	of	Figure	7.		Note	repetitive	waves	indoors,	similar	to	left‐hand	
synthesized	example.		Note	transient	event	indoors	at	15.5	seconds	unrelated	to	outside	
noise.	

	
A	summary	of	statistical	sound	levels	for	each	test	is	shown	in	Table	4.		Note	that	the	
high	frequency	noise	floor	of	the	low‐frequency	microphones	used	indoors	limits	
the	A‐weighted	results	to	29‐30	dB	minimum.		The	cells	marked	in	red	were	affected	
by	system	overload	or	other	problems	and	should	be	discounted.		The	cells	marked	
in	gold	are	for	a	seismic	accelerometer	mounted	on	the	Kitchen	island	of	R3	and	are	
not	calibrated	except	that	94	dB	is	approximately	1	m/sec2.		The	cells	marked	in	teal	
are	taken	on	the	front	seat	of	the	Mini‐SUV	parked	outside	R2.		All	others	are	normal	
measurements	as	shown	in	the	Log,	Table	3.	
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Table	4.		Statistical	Sound	Levels	for	All	10‐minute	Tests	

	
	

..,.,.., 
__ , 

LA LC lZ LG L_0.5•100 
ChlA Chonnol I , 

' . < • 1 , 
' . < • I , 

' . < • I , 
' 4 < • I , 

' . < • ., L1 36.9 32.3 42.4 S4.0 43.6 S2.S 49.2 Sl.O 72.0 62.S 93.7 93.5 93.8 111.9 93.4 67.S 67.l 68.3 87.S 72.4 80.7 79.8 80.1 94.9 90.2 
12/4/l2 LIO JJ. 7 30.S J4,6 37.7 42.◄ 50.7 42.9 ◄6,2 60.0 56.2 89.S 89.1 89.4 .... 86.1 63.9 63.0 6,4.1 73.0 66.S 74.7 73.7 73,1 82,◄ 82.1 

20:43:32 L50 33. 2 30.1 30.3 32.3 41.S qi_9 39.S 42.7 40.S SJ., 806 80.0 80.S ... , 7$.7 50.6 SS.7 se.3 62.0 61 .6 66.1 65.2 65.2 71.0 70 .• 
20:53:32 L90 32.6 29.1! 29.6 31.0 41.0 47.2 37 .s 40.0 45.5 52.1 67.7 67.0 67.2 71.3 ... , 53.9 •9.7 53.2 55.3 57.3 ... , 56.3 56.S 59.7 62.0 
2.2m~ .... .Jl.9 30.2 32.9 76.2 41.7 49.2 41.2 44.4 94.9 55.1 85.0 84.6 ss.o 102.6 82.8 60.4 58.9 60.6 89.◄ 64.2 70.8 69.8 69.9 98.0 79.2 

., u "'·' 32.6 34.8 66.9 49.6 SJ.2 SI. I so.a ss.1 68.4 UM .I 104.0 104.3 112.9 102. 6 77.3 77.2 77.S 92.7 79.2 90.7 89.7 90.0 104.1 97,4 
12/4/12 LIO 34.0 31.2 J0.7 54.8 '45.J 51 .2 47.2 ◄7.1 76.J 59,1 911.6 ... 5 .... 107.J 94.0 71.9 71 .7 72. t 15.7 71 .6 .... , IJ,J IJ,6 ... , 8'.6 

Zl :1S:J3 LSO 33. S 30.3 29.1 44.7 42,2 49.S 42.7 4J.S 64.1 55.a 89.8 19.7 ,0.0 '9.0 84.0 64. 1 6).J 64.0 77.6 64.7 75.0 74.3 74,4 17.J 71.7 
21 :25:ll l.90 ll. 2 2U 29.4 41.8 41.4 47.9 39.5 40.6 57.6 5].5 76.4 76.2 76.6 86.2 71.5 57.J 54.1 56.2 69.7 59.6 64.8 6].8 6],9 76.7 67.6 
3.2 mps Leq 3S.9 33.7 34.1 S4.0 43.S 50.7 .... 47.0 73.1 50.6 94.6 .... ... , 103.2 90.8 61.2 67.9 68.4 12.J 69.2 80.2 79.4 79.6 93.1 86.0 

Rl L1 34.9 )2 ,4 34.4 64.2 S1.9 50.4 48.0 ◄8.2 u .s 66.2 100.6 100,4 100.7 111.s 90.4 73.7 7).6 74.0 91,1 75.6 86.◄ 8S.◄ 8S,7 102.0 94.1 
12/4/12 LIO 32.5 30.6 30.4 52.6 43.8 41.7 44.5 44.8 75.1 , ... 95.9 95.7 '6.0 106.0 91.3 69.1 69.0 69.3 &4.4 61.6 80.7 80.0 80. t .... .... 

21:28:08 LSO 32. 2 30.1 29.7 43.2 41.7 47.4 41.0 41.S 62.4 54.7 87.7 87.6 87.8 ... , 80 .• 61.6 61.2 61.9 75.8 63.0 72.l 71.5 71.5 85.0 75,5 
21 :JO.OO L.90 12.0 n .o H .O 40.0 41.0 40.2 Jll.2 ,._. :;c,.4 :;2,c, 74.1 74.1 74.2 8].(i (i0.6 :;.J.O :;2.J :;.t.:; (i7.8 :;o.J (ii.:; (ii.I .... 73.8 c,4,:; 

2 .8 mps .... 32.7 30.3 30.0 Sl.9 43.2 47.6 42.0 42.4 71.6 57.1 91.6 91.4 91.7 101.7 87.6 6S.0 64.8 65.3 I0.8 66.2 76.7 75.9 76.0 91.1 82.8 

•• L1 J6, 5 J6,tl 47.S 56.9 44,4 56.9 57.S 6J,4 72.7 59,9 .... ... 2 .... 92,9 87.4 71.J 71 .4 76 .8 7J.9 f>S,tl tlJ,9 8J,0 8J,4 76.0 82,S 
12/S/l2 LIO Jl.9 Jl.2 39. 1 J8.7 41.0 -48,-4 -45,8 50.2 60.9 57,8 90,S 90.l 90.S 8S,O 78.9 65.2 64.8 67.0 70. 2 66.2 76.8 76,0 76,l 67,5 71 ,7 

12:10:22 l.50 31.J JO.I JO.I 37.4 40.4 46.0 41.5 4-4.7 58.6 55.8 ,._. 
"·' 80.1 75.5 68.2 57.8 56.4 60.2 66. 5 62.2 65.5 64.7 .... ... , 63.0 

12:40:22 l.90 31.0 29.7 2'. 3 "'·' 40.0 44.2 )8.9 40.9 56.3 53.7 67.2 65.8 66.2 65.8 60.9 52.8 S0.6 55.2 62. 3 57.8 55.6 54.8 55.6 61.l 59.0 
1.2 mps Leq ]2.t 31.0 ]7. 0 53.4 .... 47.6 45.8 51.0 70.0 56.1 86.1 85.8 '6.2 81.8 75.9 61.7 61.5 65.8 69.4 63.2 7].2 72.l 72.6 71.5 70.4 

., u .. 2 JO' 35 0 41 3 42 1 560 45 3 49.1 63 0 60.2 83.S 82.6 83.6 89.6 ••• 666S82 ., 0 73.1 ••• 726 692 69.4 72.1 84.4 
12/5/U LIO 37.J 30,2 30.7 "·' 41,0 53.S 43,1 46,6 61,l 58,4 79,4 78,2 78,7 81,9 82.9 60.6 55.5 60.l 70. 6 67.0 6,4,7 63,0 62,8 67,9 76,5 

13:01 : 21 LSO 
36. ] " ·' 

2'9. 6 38.7 40.6 S2.J 40.9 43,4 s 9 .1 56.S 71.2 .... .... 73.8 72.4 56.6 Sl .8 56.3 66.8 63.0 59.2 56.4 56.3 64.9 66.4 
13:11: 21 l90 35.9 "·' 2'.2 38.0 40.2 51.J .30.7 40.5 56.9 54.4 59.8 57.4 57.9 65.J 62.7 52. l 47.7 51.7 62. 5 58.5 55.1 49.9 51.1 62.0 60.7 
l.4mps Leq 40.3 30.0 30.4 39.0 40.7 SJ.4 41.) 44.2 59.S 56.7 75.0 73.9 74.4 78.8 79.1 S9.4 S2.7 S7.J 67.7 64.0 62.8 S9.7 S9.8 65.9 73.2 

•• L1 4.l.O 44 ,9 s,. s 4 7.3 58.3 ,9.4 ........ 6).9 65 .• 100.7 99.0 ... , 88.8 88.> ,._, 73.0 76.0 7.l.7 6tt8 89,8 81.0 87,4 74,4 82.0 
l2/S/12 LIO 39.9 33.0 41 .0 41 .0 42.S 56.◄ ◄9.1 S2.0 61 .S S9.2 91,2 90.l 91.S 83.7 79. l 6S.8 64.7 67.5 70. 3 66.6 78.7 77.3 77,3 69.0 72,6 

13;21 :10 L50 ll.1 JO.O 29. 6 Jl.4 40 3 49.5 44,6 45.9 59.1 56.3 80.1 79.8 81.4 75.0 657 57.S 56.7 S9.7 67.0 62.S 66.6 65.7 65.8 65,2 62.7 
IJ :Jl :10 l90 32.0 29.7 "·' "··- 46.4 40.1 41.9 56-• - 65.7 65.9 66.7 66.0 - 52.0 51 .J 54.S .,.,_ 56.6 54.9 55,4 62.2 -
1.5 mps Leq .. , 34.3 43.4 ,._, 67. 1 66.7 48,6 53.1 596 

,._. 
89.0 87.0 ., .. 79.6 ... , 74,4 62 3 66.5 67.8 S6 B 78.9 75.1 75,4 66.7 BJ.3 

., u 32. J 31.1 21. 9 31 .0 49.7 52.1 47.0 46.J 45.1 62.1 92,0 91.1 91.2 91.I 91. 5 66.1 64.7 ... , 65.0 72.2 
12/S/12 LIO 30.1 30.6 21,7 30.◄ 48.S 49.S 4-4.6 43.6 ◄2.6 60.3 87.7 87.0 87,1 87.7 u.2 ... , 61 .2 61.S 61.3 69.4 

?2 ;46;57 l50 "·' J0.3 28.5 30.1 47.2 45.7 41.'} M .8 M.6 58.• 7'.2 78.8 78.8 7'.6 74.5 60.0 56.2 56.8 ss.o 65.7 
22 :S6:57 L90 29.5 lO.O 28.3 29.8 45.9 41.S 39.4 36.0 37.4 56.6 65.6 64.6 64.9 65.4 66. 7 ss.2 S1 .6 SJ.7 49.0 61 .6 -.... 

34.0 30.3 28.S 30.2 47.3 48.5 42.5 40.8 40.4 58,7 83.1 82.6 82.6 83.3 80.2 61.4 57.9 58. 2 57.4 66.6 

R2 L1 45. J 31.7 35 6 38.3 54.9 63.2 53.9 51.5 61.0 64.7 102,2 101.6 101.0 100.7 92.4 77.8 75.J 74.7 77.0 73.9 90.8 91.2 90.2 89.7 .... 
l2/S/12 LIO 37.0 30.9 30. 3 32.2 so.◄ 53.1 46.7 46,2 48.S 62,3 91.4 91.0 91.1 92.0 85.2 67.7 64.9 65.2 66.◄ 71.2 77.1 76.9 77,3 78,0 79.6 

23:24:20 L50 30.3 30.5 28.6 J0.4 48.8 48.3 43.7 42.1 42.4 60.2 82 .4 82.1 82.4 83.3 76.5 62.6 S8.9 S9.5 59.1 67.5 68.5 68.0 68.8 69.5 n.• 
23:34:20 l90 "·' 30.1 28.3 30.1 47.S 44.2 41.2 38.0 39.3 50.3 69.0 68.6 68.9 70.2 68. 7 57.7 53.8 54.0 52.3 63.4 59.7 .... 59.6 60.0 66.8 

- Leq 34.9 30.5 ,. .. 31.6 ss.o 54.3 45.l 44,9 51.S 62.S ..., 89.2 88.8 89.l 81.8 68.0 63.3 63.5 66.0 68.4 78.6 78,7 77,8 77,5 76,7 

., u 38.8 31.3 31. 0 J<,.8 52. l SS.6 49.4 51.8 53.7 63,0 9).0 9).0 93,1 93.9 90.1 ... , 66.7 68.1 68.0 72.7 80.S 80.6 81,1 81,5 85.0 
12/5/12 LIO 32. 5 30.7 28.9 31.2 49.2 51.1 45.4 44.8 46.0 61.0 89.0 88.9 89.1 89.7 U . 7 65.5 62.9 63.5 63. 7 69.9 75.7 75,7 76.2 76.S 78.S 

23:36: t 1 LSO 30.0 30.3 28.5 302 47.8 47.0 42.6 40.7 41.S 59.0 81.2 80 .• 81.3 81.9 74. 7 61.3 57.6 SIS. I 57. 5 66.4 61.7 67.7 68.1 68.S 71.6 
ZJ :46: 11 L90 29.6 )0.0 28. J ,._ . .... 42.9 40.1 )6.8 , ... 57.2 67.7 67.7 ... , .... 67.J 5(i.6 :;2.6 52.9 51.J 62.1 59.1 ... , ..., 59.0 65.5 
2.Jm~ .... 31.4 )0.5 28.8 31.t 48.5 48.6 43.S 43.6 44.S 59.4 . .., ... , 84.7 85.4 80.0 62.7 59.6 60.6 60. 2 67 .2 71.6 71.6 72.0 72.5 75.1 

R2 u 37. 5 31.2 30. 7 35.4 S0.6 5).8 48.6 47.7 49.7 6),3 91.l 92.8 93.1 93.9 93. 2 67.9 66.4 66.7 67. 3 73.4 79.7 79.7 80.1 80.4 87.0 
12/6112: LIO 32.7 30.7 29.0 31.0 49.J S0.9 46.0 ◄5.0 4-4.9 61.7 88.9 ... , 88.9 89.6 86.2 65. 1 62.9 63.1 63. l 70.8 75.3 7S.-4 75.7 76.0 80.1 
0;19:35 l50 30.1 30.3 28.6 30.0 47.8 47.1 43.2 41.3 41.S 59.8 ... , 80.1 80.2 81.0 76.7 61.J 57.8 50.3 56.9 67.2 67.9 67.9 68.3 68.6 n., 
0:29:35 l90 29. 7 JO.O 28.J 29.8 46.5 43.J 40.5 37.4 38.7 57.9 66.6 66.] 66.6 .... 68.6 56.7 SJ.I 5).2 51. 2 6).2 59.2 58.8 .... 59,1 66.6 

3 .0 mps Leq 31.6 30.4 29. 0 30.8 48.0 48.4 43.8 42.4 43.0 60.0 84.4 84.2 84.4 85. l 82.4 62.3 59.5 59.9 59. S 68.0 71.2 71.3 71.6 71.9 76.8 

., L1 [ij "·' 41. 6 37.9 52.1 ~◄9.9 49.7 52.6 64.1 
1 90.2 

90.S '9.2 95.6 i] 71 .6 71.8 " ·' 7•.2 liY 86.2 86.0 86.4 90.0 
12/6/12 LIO 11.0 JS,7 J1 .J so.a u., 46,1 46,7 45.5 61,J 9J,7 9),7 94.6 •. , 67.2 67.2 '8.0 71 .4 84.0 79.4 79.4 79.9 12,6 
1:17:54 l50 30.5 21.9 30.3 48 S ... , 4).9 4J O 41 .1 60.1 ... , 84.6 ... 79.0 60.J 60 6 S9. 7 67.6 7'5.1 70.6 70 6 71 .2 74.J 
1:27:54 L90 )0,1 28.4 30.0 47.1 45.4 •1.2 38.8 39.0 50.2 71.1 71.0 71 .1 6'.9 54 .7 5'.S 52.2 63.4 67.1 60.6 60.6 60.6 67.6 

J.2 llljb .... ,52.7 U .l 34.4 U .4 43.7 • .• 4&.4 45.& 45 .7 60.5 H .2 '9.2 90.0 849 63.3 63.5 63. 7 61.5 l,I0.1 75.1 75.I 76.2 79.2 

., L1 39.I Jl .4 Jl.J 40.J Sl .8 ,,._. 49.l 48.8 ',I.I 6A.l 96.1 9',.I 9U .... 91.J /0.4 t,9.1 "''-' 11.l 14.I 8J.', BJ.I 84.1 84.) 91.9 
12/6112 LIO 32.8 31.0 28,9 31 .3 so., 51.7 47.0 ◄5,5 47.2 62,6 91.2 91.2 91.4 92.l ... 6 67.0 65.0 65. l 66.2 71.6 78,6 78.6 79.0 79.5 83.6 
2 :14: 13 L50 30.1 30.6 28.S 30.1 49.] 47.8 44.3 41.5 42.0 60.7 83.7 8).6 8).8 84.6 79. 7 62.6 59.7 59.8 S9.7 67.7 70.9 71.1 71 .2 71 .7 74.9 
2:2'4: 13 UO ,._. 30.2 28.3 2'.8 48.0 ◄l.8 ◄1.6 37.6 ]8.9 59.0 70.S 70.7 70.4 70.8 70.4 57.7 54.7 54.0 52.7 63.6 61.◄ 61.0 61.2 61.7 68.0 

3.3 mps Leq 32.0 30.7 28.9 )4.8 49.4 49.3 44.9 42.7 46.9 61.0 87.2 87.1 81.2 88.0 86.2 63.9 61.8 61.9 62.8 68.8 74.7 74.9 75.1 75.S 80.6 

., L1 S◄.9 32,0 ◄4 .5 ◄S.6 s1.0 76.S 58.2 60.◄ 78.7 63.2 92.6 91,2 92.◄ 92.3 89. 2 87.9 71 ,4 7'4.6 90. 5 67.8 87.0 8"'. l 84.6 87.l es., 
12/6/12 LIO 44. 5 30.A 35.8 3S.5 4S.8 60.7 45.9 50.2 60.3 57.9 86.0 .... .... 15.J 12.J 71.4 61.2 64.1 n:.s 64.3 75.4 72.2 72.9 7S.O n., 

14:06: 21 L50 33 .• ,._. 28 .• 30.3 42., 47.0 39.6 40.4 4).8 54.6 77.4 74.8 75.S 76.3 72.l 59.6 53.5 55.S 57.3 60.S 65.7 64.0 64.3 65.6 68.2 
14:16: 21 l90 29.4 29.7 21. J 29.9 41.] ,40.7 )6.7 ]5.2 ]7.1 52.7 64.6 61.l 62.5 63.9 62. S 5.3.8 48.1 49.5 49. J 56.4 56.l 54.1 .... 55.9 60.4 

2.1 mps .... 45.0 30.2 35.3 42.2 47.4 63.1 46.4 50.1 ... , 57.0 83 ,l 81.8 82.2 82.S 78.7 74.7 60.4 63.7 76. 7 62.0 76.2 73.0 74.l 75.0 74,7 

R2 L1 4). S JS,O JS.6 42.8 66.l .... Sl.7 51,3 69.3 72,2 95,8 95,6 95,2 95,8 95.6 78.6 69.0 69,4 81.9 71 .4 81,S 81 .0 80.5 81.2 91,0 
12/6/12 LIO 36. 7 30.8 2'.9 35.1 -49.5 SS.2 «.2 .... , 562 59.6 90.0 89.7 89.S 90.1 87. 5 68.S 63.6 63.9 69.9 66.S 7S.2 73,7 73.9 7S.l 81.7 

l◄ :25:47 l50 31.8 30.2 28.7 30.4 46.1 47.5 40.7 ◄0.3 46.2 56.7 81,8 81.5 81.3 82.2 76.9 62.1 56 .• 57.9 61.4 62.7 67.9 65.6 66.0 68.0 71 .0 
14:35:47 L90 JO. I 2'.9 28. J 2'.9 44.2 42,6 JI.I 36.9 40.6 54.9 68.7 67,3 67.3 69. l 66.2 56.7 50.8 SI.I 54. 7 ... , 59.2 56.1 56.7 59.0 62.7 
1.7 mps Leq 34.8 30.6 29.5 33.4 Sl.O 55.0 42.6 42.7 56.5 .... 86.l 85.9 85.7 .... 84.2 67.4 60.1 60.6 69.5 64.1 71.7 70.J 70.] 71.7 7'.0 

Rl u 46.6 37.9 41,7 St .8 58.1 ... , 59.0 69.7 98,J .... 95.6 ... , 72.) 61.3 73.2 72.5 80.2 81.8 80.9 94.5 
12/6/U LIO )7.4 ll,9 34.9 48.6 51.4 52,7 50.9 .... 90.l 89,7 90.S 91.9 65.9 63.6 65.8 ... , 73,8 74.1 74,0 86.9 

tS:S7:13 lSO 31.2 3 1.9 30.5 43.9 46.0 48.0 45.S 57.3 81.l 80.6 82.1 82.7 S9.7 57.6 S9.6 63.7 65.7 65.6 6S.9 n.4 
16:07: tJ L90 JO. I 31.0 2'.J 40.1 •2.J 4:S.4 42.0 53.9 67.2 ... , 67.9 71.0 >l.8 :;2.4 53.7 S9.3 S6.6 S6.7 56.l Ci7.2 

2.8 mps .... 4(). 7 32.6 35.6 4S.6 49.3 so.o 49.2 60.7 86.8 86.0 .... 88.1 63.0 60.5 63.3 65.2 73.2 74.2 73.5 83.5 

R3 L1 47.6 )7,0 54. 3 so.• 60.S 55.6 6,4, ) 69,4 104,4 104.5 104.4 102. 6 80.2 78.2 .... ... , 93,6 94.0 92,9 ... 7 
12/6/12 LIO 39. 7 ll.l 37. S 47.8 SI . I 51.l 50.9 62.S 91.3 91.1 91.4 95.1 66.8 64.9 67.J 70.4 73.2 72.7 73,4 90.9 

16:28:57 L50 32. 3 31.5 2'. 7 44.0 44.2 47.0 43,4 56.7 81.8 81.6 81.9 85.1 .... 57.5 .. .. 63.2 ... , 63.9 64.3 80.8 
16:38:57 l90 30.] J0.8 28.8 40.0 40.5 44.l 40.3 53.0 67.8 67.3 ... , 72.8 52.J 51.4 52.l 58.J 54.S 54.6 54.2 69.0 

2.4 mps .... 37.0 )2 .2 42.1 44.9 54.7 49.8 55.6 59.9 92.1 92.1 92.2 91. 7 70. 1 66.0 70.5 68.8 80,4 81.1 80.3 B7.8 

Rl L1 48 8 l4 .9 44 4 450 Sl .9 62.7 57 6 60.6 68 1 676 98 3 95.3 95 l 85.3 ... 76.0 69 4 731 70 1 72.7 86 a 86.4 85 .9 81.l .. , 
12/7/12 LIO 38.l ,. .. 33.6 40.6 36.6 53.5 SO.I ◄9.8 59.8 5:Z.I 91.-8 79.6 80.2 79.0 S5.0 68.1 58.7 62.◄ 65.l 57.2 69.1 65.l 67.9 73.9 SJ.I 

11:20:24 L50 30.9 JO.? 2'). I JB.O 18.8 43.8 44.7 43.9 S3.6 37.3 81.".) 70.7 71.J 70. l 4 1 4 60.l 54.1 56.l 60.'J 45 l 58 2 564 57.6 64.5 40.S 
11:l0:14 l.90 29.7 29.8 28.6 37.l IS.l .39.6 41.9 40.3 51.2 ,.. 66.S 50.2 59.6 60.6 )ii I Sl. 1 49.4 Sl.t 56.2 37.l 50.7 49.8 50.5 SO. I 33.4 
I.Imps .... 37.6 30.8 ll.6 39.0 41 5 51.7 47.4 49.4 57.4 62.0 87.9 82.1 51.9 75.2 63.7 66. 1 57.7 62. 3 62.5 62.l 75 6 76.3 75,] 70.4 6l.1 . , L1 ,.,_ . 33.9 44.9 37.J 53.7 5) .8 65.0 S0.4 92.3 80.3 84.7 72.7 67.0 59.4 70.2 64.5 65.0 64.8 80.3 64.6 

12F7/12 LIO JO.I Jl ,2 40. 1 36,2 45.8 46,6 57,2 47,l IS,9 75,8 77.6 67.5 62,l S6,5 65.1 61,0 60.0 59.5 71,9 59.8 
11:46:16 l.50 30.0 30.1 37.5 36.0 40.9 43.0 52.5 0.9 73.S 67.8 67.9 59.4 54.2 52.l 60.7 56.] 53.J 52.4 62.4 54.0 
11:S6:16 L90 "·' 2'.8 36.9 35.7 37.8 40.4 49.9 40.9 59.9 55.2 59. 2 51.8 49.0 47.6 55.9 50.7 47.7 47.5 56.9 49.0 

0 .9 mps .... 31.4 30.S JU 36.0 44.0 44.S 55.0 44,8 81.S 71.6 74.0 63.8 ... , 5).4 62.3 57.8 56.3 55.7 69.0 56.4 

Rl u "'·' 46.8 35.7 71.0 44,1 63.8 74.0 "·' S7.7 81,l n..7 87,S 83.3 83.9 85.8 79.4 76.8 76.1 69.4 90.◄ 87.6 69.2 75.8 65,7 ... , 79.1 
12/7/12 LIO 33.0 37.4 30.6 so.a 37.8 ss.o 62.1 38.3 45.9 68.1 59.0 81.0 71.7 79.6 80.1 71.6 62.9 67.3 56.8 77.0 69.S 62.6 66.◄ 60.4 76,I 6S.I 

12:02:32 L50 JO.I 30.S ,._. JB.2 36.1 43.S 48.2 37.9 35.S 55.5 47.4 73.1 70 .• 71.6 70.4 61.9 55.5 56 .• 48. 7 64.6 59.8 S4.9 55.9 52.2 66.1 56.3 
12:12:32 L90 29.8 29.9 29.1 36.9 35.8 39.1 41.S 37.4 JJ.1 50.J 42.2 59.5 59.0 57_4 60.7 54.0 so.a 50.5 41.8 58.0 SZ.9 48.7 49.6 43.9 ... , 50.7 
I.Im~ .... 31.2 35.3 30.1 56.S ]7.2 52.J 60.2 37.9 44.6 67.4 60.0 77.4 74.4 75 . .2 76.0 68 .0 63.5 65.1 56.4 75.9 7),4 59.2 63.2 56.3 n., 65.8 
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CONCLUDING	REMARKS	

In	an	effort	to	determine	acoustical	conditions	that	could	be	linked	to	apparent	
intense	reaction	by	some	Shirley	environs	homeowners,	simultaneous	indoor	and	
outdoor	acoustic	and	local	wind	speed	measurements	were	conducted	sequentially	
at	three	disparate	locations	over	a	three‐day	period	starting	the	evening	of	
December	4,	2012.		A	very	large	compendium	of	raw	and	processed	data	was	
obtained,	a	small	fraction	of	which	is	presented	in	this	summary.			

The	apparent	and	tentative	result	indicates	that	at	the	second	residence,	located	
approximately	1,280	ft	from	the	nearest	turbine,	blade‐passage	induced	infrasound	
was	correlated	between	outdoor	and	indoor	locations	and	peak	amplitudes	of	
periodic	waves	composed	of	blade	harmonics	0.7	to	5.6	Hz	on	the	order	76	dB	were	
detected	both	indoors	and	outdoors.		Well	correlated	broadband	low	frequency	
noise	at	this	nearest	residence	was	also	detected,	with	one‐third	octave	band	sound	
pressure	levels	approximately	50	dB	in	the	frequency	range	16‐25	Hz.		Both	of	these	
sounds	are	below	normal	hearing	threshold;	residents	report	being	intensely	
affected	without	audibility.	

At	the	other	two	residences,	located	approximately	3,300	and	7,100	ft	from	the	
nearest	turbine,	respectively,	high	levels	of	infrasound	were	detected	indoors	but	
the	correlation	with	outdoor	acoustic	signals	was	not	clear	except	at	the	3,300	ft	
residence,	where	the	broadband	noise	in	the	20	Hz	range	was	moderately	correlated	
and	produce	one‐third	octave	band	level	approximately	40	dB,	which	is	well	below	
normal	hearing	threshold.		At	the	7,100	ft	residence,	outdoor‐to‐indoor	correlation	
was	low	except	during	motor	vehicle	passages	or	in	particular	a	helicopter	
overflight.		Again,	residents	report	being	intensely	affected	despite	inaudibility	and	
to	be	aware	of	turbine	operation	when	the	turbines	are	not	visible.	

The	author	is	not	qualified	to	make	judgments	regarding	human	response	to	
normally	subliminal	sources	of	acoustic	excitation.		A	detection	test	has	been	
proposed	by	the	consortium	of	investigators	and	put	forth	by	Dr.	Schomer.		The	
author	concurs	that	this	is	an	important	step	in	resolving	a	difficult	issue.	

An	additional	missing	element	in	the	program	is	ability	to	correlate	acoustic	test	
results	with	turbine	operating	conditions.		Near‐turbine	acoustic	monitors	placed	by	
HAI	showed	significant	variability	in	near‐field	sound	levels	for	turbines	WTG6	and	
WTG8	over	the	course	of	the	program,	with	an	indication	that	turbine	noise	
emissions	may	have	decreased	shortly	before	the	team	started	and	increased	
shortly	after	the	team	stopped	measuring	on	some	days.		Review	of	turbine	SCADA	
records	will	show	turbine‐height	wind	speeds	and	directions	and	turbine	power	
output	as	well	as	times	when	turbine	were	parked	for	flicker	suppression	or	other	
purposes.		This	will	help	determine	the	program	for	additional	measurements	
and/or	if	scaling	of	measured	levels	would	be	appropriate.	

																																																								
i	B.	Walker,	Time	Domain	Analysis	of	Low	Frequency	Wind	Turbine	Noise,	Low	
Frequency	Noise	2012,	Stratford	Upon	Avon,	UK	
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Appendix B to Report Number 122412-1  
1. Introduction 
Hessler Associates concentrated on acquiring data to define the low frequency issue at the Shirley site 
using four Norsonics Model N-140 ANSI Type 1 precision instruments (NOR140).  These systems with 
the standard microphone and preamp are rated at an accuracy of +/- 1 dB from 5 Hz to 20,000 Hz.  Two 
of the systems were used as continuous data loggers and the other two for relevant attended 
measurements.  The systems were also calibrated against the extended frequency range system brought by 
Channel Islands Acoustics (ChIA).   
 
2. Calibration 
Two NOR140 units were set-up in the living room of residence R2 adjacent to the high performance 
ChIA microphone, which is rated accurate from 0.1 Hz to 20,000 Hz.  The results of a 10-minute run 
between the three systems, along with a photograph of the set-up, are shown below.  It is clear from the 
test that the NOR140 off-the-shelf unit can be used with confidence down to about 2 Hz; significantly 
better than its 5 Hz rating. 
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Figure 2.1  Instrument Calibration Check Relative to High Performance ChIA System 
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3. Data Logger  
Because Duke Power would not participate in the test, it became necessary to install an automated sound 
level recorder near Turbine 6 to get a sense of what load that turbine, and presumably the remainder of the 
project, was operating at - and, indeed, whether the turbines were operating at all.  The test position, 
designated as Monitor 1, is shown in Figure 2.1 in the cover report.  A plot for each 10-minute interval in 
terms of the L50, L90 and Leq statistical metrics is given below. 
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Figure 3.1  Monitor 1 Results 

 
Calculations indicate that the turbine is at full power when the sound pressure at the monitor is 
approximately 53 dBA.  In general, the plot shows when the unit was near or at full power and when it 
was off (e.g. around midday on Wednesday when the sound level dropped to about 31 dBA). 
 
The second long-term logger, Monitor 2, which was located in front of the residence at R2, was not as 
useful because it was strongly influenced by extraneous, contaminating noise from traffic on Glenmore 
Road.  Nevertheless, the results are given below in Figure 3.2. 
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Figure 3.2  Monitor 2 Results 
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4. OUTDOOR/INDOOR Measurements 
Measurements of the frequency spectra inside and outside of each of three residences on Wednesday 
night and early Thursday morning while the turbines were operating near full power are plotted below. 

10

20

30

40

50

60

70

80

0.4 0.5 0.6
3 0.8 1

1.2
5 1.6 2 2.5 3.2 4 5 6.3 8 10 12

.5 16 20 25 32 40 50 63 80 10
0

12
5

16
0

20
0

25
0

31
5 40 50
0

63
0

80
0

10
00

12
50

16
00

20
00

25
00

31
50

40
00

50
00

63
00

80
00

10
00

0
AW

T
CW

T
ZW

T

1/3 OBCF, Hz

SO
UN

D 
PR

ES
SU

RE
 LE

VE
L, 

dB

R-1 OUTSIDE 10PM-12AM
R-1 INSIDE 10PM-12AM
R-1 OUTSIDE 2AM-4AM
R-1 INSIDE 2AM-4AM

10

20

30

40

50

60

70

80

0.4 0.5 0.6
3 0.8 1

1.2
5 1.6 2 2.5 3.2 4 5 6.3 8 10 12

.5 16 20 25 32 40 50 63 80 10
0

12
5

16
0

20
0

25
0

31
5 40 50
0

63
0

80
0

10
00

12
50

16
00

20
00

25
00

31
50

40
00

50
00

63
00

80
00

10
00

0
AW

T
CW

T
ZW

T

1/3 OBCF, Hz

SO
UN

D 
PR

ES
SU

RE
 LE

VE
L, 

dB

R-2 OUTSIDE 10PM-12AM
R-2 INSIDE 10PM-12AM
R-2 OUTSIDE 2AM-4AM
R-2 INSIDE 2AM-4AM

10

20

30

40

50

60

70

80

0.4 0.5 0.6
3 0.8 1

1.2
5 1.6 2 2.5 3.2 4 5 6.3 8 10 12

.5 16 20 25 32 40 50 63 80 10
0

12
5

16
0

20
0

25
0

31
5 40 50
0

63
0

80
0

10
00

12
50

16
00

20
00

25
00

31
50

40
00

50
00

63
00

80
00

10
00

0
AW

T
CW

T
ZW

T

1/3 OBCF, Hz

SO
UN

D 
PR

ES
SU

RE
 LE

VE
L, 

dB

R-3 OUTSIDE 10PM-12AM
R-3 INSIDE 10PM-12AM
R-3 OUTSIDE 2AM-4AM
R-3 INSIDE 2AM-4AM

 
Figure 4.1  Inside/Outside Sound Levels during Project Operation  

' 

e 

e 

0 

6 

0 

8 6 

0 

0 

e 
0 

 
006374

ADMINISTRATIVE RECORD Page 109 of 285

- Page 1548 -



 
 

 
Member National Council of Acoustical Consultants                                                                                                                    4 
Noise Control Services Since 1976    

 Hessler Associates, Inc.
Consultants in Engineering Acoustics

 
These figures are 10-minute L50 samples made simultaneously outside and inside of the three residences 
between 10 p.m. and midnight and between 2 and 4 a.m.  The measured levels below 1 or 2 Hz may be 
pseudo noise, or false signal noise from the wind blowing over the microphone, even though the 
microphone was placed on a reflective ground board under a 7” hemispherical windscreen to minimize 
this effect.  The plotted outdoor levels are the raw measurement results obtained on the reflective ground 
plane and should be reduced by 3 dB to reflect a standard measurement 1.5 meters above grade. 
Maximum levels occur at R-2 as one would expect, since it is closest to the turbines and the location 
where wind turbine noise was most readily audible.   
 
What is significant about these plots is that there is a low frequency region from about 10 to 40 Hz where 
the noise reduction of each house structure appears to be weakest.  This behavior is attributed to the 
frequency response of each structure, which is known to be in this frequency range.  The small 
differences in the magnitude and frequency of the interior sound levels in this region of the spectrum are 
largely associated with differences in construction, design, openings, etc.  The question is:  what is the 
driving or excitation force in this range?  It could be acoustic noise immissions from the wind turbines, 
normal environmental sources (mostly traffic), the natural response of each structure to varying wind 
pressure or some combination of these causes.  The only sure way to discover the driving force is to turn 
off the wind turbines for a short period to see if the spectrum changes without the turbines in operation.  
This type of on/off testing was requested in the first test protocol and these rather inconclusive results 
make it clear that such an approach is essential to the task of identifying and quantifying the sound 
emissions specifically from the turbines inside of these homes. 
 
5. ON/OFF Measurements 
In the course of taking some supplemental outdoor measurements of the turbine closest to R-2 at least one 
on/off sample, although outdoors, was obtained through happenstance.  After several measurements at a 
position 269 m WNW of WTG8, with the turbine in operation at some intermediate load in light winds 
from the north, the unit was unexpectedly shutdown by O&M personnel.  Additional measurements were 
immediately obtained with all variables constant except for turbine operation.  Prior to shutdown the rotor 
was turning at 11 rpm, which equates to a blade passing frequency of 0.55 Hz.  The resulting on/off 
spectra are plotted below in Figure 5.1. 
 
One could conclude that the wind turbine was not producing any low frequency noise since the spectra 
are essentially equal from 0 to 12.5 Hz; however, despite measuring on a hard surface using a 
hemispherical windscreen, the low end of both spectra appear to be pseudo, or false-signal noise based on 
some recent empirical tests of windscreen performance carried out in the Mohave Desert (in support of a 
new ANSI standard that is being developed for measuring in windy conditions).  The objective of this 
testing was to evaluate measured low frequency sound levels in a moderately windy environment without 
any actual source of low frequency noise.  The on/off measurements of WTG8 show that the levels below 
about 20 Hz coincide with the sound levels measured in the desert in the presence of a light 1 to 2 m/s 
wind.  Consequently, all that can be concluded is that the low frequency emissions from the turbine were 
substantially lower in magnitude than the distortion effect produced from a nearly negligible amount of 
airflow through a 7” windscreen and across the ground-mounted microphone.   
 
The overall reduction in audible sound of 8 dBA is attributable to eliminating the “whoosh” sound, which 
is clearly seen to occur in the higher frequencies; generally from about 200 to 2000 Hz. 
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Figure 5.1  On/Off Sound Levels Outdoors during Project Operation  

 
6. Proposed Method for Measuring Outdoor LFN in Wind 
The experience above with on/off measurements outdoors can be combined with a finding made by 
Walker and Schomer that LFN inside a dwelling was quite uniform throughout all the rooms in the house, 
and not, as one might intuitively imagine, in the rooms facing the nearest turbine.  This prompted them to 
measure the sound level inside of a vehicle, an SUV, and compare it to the levels measured inside the 
residence.  It was found that the low frequency levels inside the car were similar to those inside the 
adjacent dwelling.  Since an SUV is a closed, wind-free volume, it follows that the problem of obscuring 
pseudo could be eliminated with such measurements and accurate narrow band measurement of extreme 
low frequency sound could be measured inside of a car.  The spectrum for a wind turbine shows up as a 
distinct pattern of peaks beginning at the blade passing frequency (about .5 to 1 Hz for modern wind 
turbines) with several following harmonic peaks that positively identify wind turbine low-frequency 
infrasound immissions.  The beauty of the system sketched below in Figure 6.1 is that it is mobile and can 
be used at any public assess near or far from a wind farm. 
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Figure 6.1   
Schematic of Alternative, Mobile Measurement Technique for  

Low Frequency Sound Emissions from Wind Turbines  
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7. Conclusions 
Walker showed unequivocally that low level infrasonic sound emissions from the wind turbines were 
detectable during near full load operation with specialized instrumentation inside of residence R2 as a 
series of peaks associated with harmonics of the blade passing frequency.  The long-term response of the 
inhabitants at R2 has been severely adverse for the wife and child while the husband has experienced no 
ill effects, which illustrates the complexity of the issue.  The family moved out of the area to solve the 
problem. 
 
The industry response to claims of excessive low frequency noise from wind turbines has always been 
that the levels are so far below the threshold of hearing that they are insignificant.  The figure below plots 
the exterior sound level measured around 2 a.m. on a night at R2 during full load operation compared to 
the threshold of hearing.  In the region of spectrum where the blade passing frequency and its harmonics 
occur, from about 0.5 to 4 Hz, the levels are so extremely low, even neglecting the very real possibility 
that these levels are elevated due to self-generated pseudo noise, that one may deduce that these tones will 
never be audible.  What apparently is needed is a new Threshold of Perception. 
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Figure 7.1  Measured Project Sound Level Compared to Threshold of Hearing 
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The study also showed that a wind turbine is indeed a unique source with ultra low frequency energy.  
The next figure plots the same R2 data above compared to a more commonly recognized low frequency 
noise source, an open cycle industrial gas turbine complex sited too close to homes.  These two sources of 
electrical energy production, assuming the low end of the wind turbine measurement is actually due to the 
turbine rather than pseudo noise, have about the same A-weighted and Z-weighted overall sound levels.   
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Figure 7.2  As-Measured Wind Turbine Spectrum Compared to Gas Turbine Sound Level 

 
The C-weighted sound level is often used as a measure of low frequency noise; most commonly in gas 
turbine applications.  If the C minus A level difference of a source is 15 to 20 dB, further investigation of 
the source is recommended by some test standards, since that apparent imbalance may be an indicator of 
excessive low frequency content in the sound.  In this instance, the C-A level difference for the wind 
turbine is only 11 dB compared to 25 dB for the gas turbine, so this metric does not appear to work for 
wind turbines. 
 
Schomer and Rand contend that the illness that is being reported may be a form of motion sickness 
associated with the body experiencing motion in approximately the same frequency range as wind turbine 
blade passing infrasound.  However, this conjecture is based on a Navy study in which subjects were 
physically vibrated in flight simulators at amplitudes that may or may not be comparable to the situation 
at hand, whereas any such force from a distant wind turbine would need to be conducted through the air.  
One must make the leap that motion of the body in still air is the same as being still in air containing 
some level of infrasound.  While potentially plausible this hypothesis needs to be verified. 
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Hessler and Walker have measured overall A-weighted sound levels and levels of infrasound at numerous 
wind farms that substantially exceed those measured here and to the best of their knowledge there are no 
reported adverse effects for noise or adverse health issues.  It would be informative, in any further study, 
to survey the reactions of project participants and possibly other neighbors close to turbines, particularly 
with regard to health effects. 
 
In general, enough was learned by these investigators, all with quite different past experiences, that it can 
be mutually agreed that infrasound from wind turbines is an important issue that needs to be resolved in a 
more conclusive manner by appropriate study, as recommended in the cover report. 
 
 

End of Text 
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Investigations of infrasonic and low-frequency noise 
Shirley Wind Facility, Wisconsin, December 4-7, 2012  
         
 
1.0 Introduction 
 
This report presents information on an investigation of infrasonic and low frequency noise 
performed at the Shirley Wind facility in Wisconsin December 4-7, 2012. The investigation 
was conducted by acousticians Dr. Bruce Walker, George Hessler, Dr. Paul Schomer, and 
Robert Rand under a Memorandum of Agreement developed for the investigation by Clean 
Wisconsin and Forest Voice. Mr. Hessler was accompanied by his son David Hessler. During 
the investigation, unexpectedly another consultant, Mr. Michael Hankard, visited the team and 
entered the homes under investigation during testing. 
 
The investigation was conducted using instrumentation provided and employed by the 
acousticians. Three homes were investigated that had been abandoned by the owners due to 
negative health effects experienced since the Shirley Wind facility had started up. The health 
effects were reported to make life unbearable at the homes and had affected work and school 
performance. It was understood that once relocated far away from the facility, the owners and 
families recovered their health; yet revisiting the homes and roads near the facility provoked a 
resurfacing of the adverse health effects. The owners had documented their experiences in 
affidavits prior to the investigation.  
 
This team functioned very well together with a common goal, and found collectively a new 
understanding of significant very low frequency wind turbine acoustic components that 
correlated with operating conditions associated with an intolerable condition for neighbors. 
 
2.0 Methodology 
 
It was generally understood that Dr. Walker would acquire simultaneous multi-channel, wide-
bandwidth, high-precision recordings for later analysis. If successful and clear of 
contamination, those recordings would form the primary database for the investigation. 
George Hessler would acquire precision sound level meter measurements to correlate with 
wind turbine operations and for his project requirements. Paul Schomer and Rob Rand would 
serve as observers and, would also analyze and acquire measurements according to their 
investigative needs during the test. Measurements by acousticians would be catalogued and 
made available for later research and analysis. These general understandings were not detailed 
in the MOU due primarily to time constraints for the unusual, unprecedented collaboration 
brought together for this investigation. 
 
Having investigated other wind turbine facilities and directly experienced the negative health 
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effects reported by others living near wind turbines [1,2], Mr. Rand focused on acquiring 
neighbor reports on health impacts during and prior to testing and correlated those to data 
being acquired. The working assumption borne out by experience is that the human being is 
the best reporting instrument.  
 
Correlation: When investigating community noise complaints, value can be derived from 
measurements and analysis primarily when they are highly correlated to neighbor reports. In 
simple terms: if a recording or analysis is made when the turbines are turning, and the 
neighbors are present and report feeling intolerable, tolerable, or not a problem, and report 
such details as headache, nausea, vomiting, dizziness, vertigo, or cloudy thinking, or the 
absence of health effects, the correlation to the neighbor reports provides very useful 
information for assessing the utility of those data. Without the neighbor reports, it is difficult 
to determine the significance of acoustic data. From details given in neighbor reports, the 
investigators can look for unusual or distinctive acoustic characteristics or differences to 
clarify what acoustical conditions correspond to the degree of health effects being reported.  
 
Self-reports taken as valid: The team agreed prior to testing that neighbor reports would be 
useful. They also agreed that neighbor reports are sincere and truthful, not "claims" as often 
alleged by the wind industry. Neighbors considered and agreed to requests to be available 
during testing. Mr. Rand also agreed to note his condition during the testing, since unlike the 
other acousticians he is prone to seasickness and has also proved vulnerable to negative health 
effects when near large wind turbines. 
 
Due to schedule constraints, Mr. Rand was unable to attend a preliminary meeting with the 
owners of the three homes during the midday on Tuesday, December 4. However he met with 
the owners during the evening of December 4 shortly after arriving, and observed and 
acquired owner health reports and noted his own health over the next three days.  
 
2.1 Equipment 
 
Equipment used by Mr. Rand included: 
 Gras 40AN microphone 
 Larson Davis Type 902 Preamplifier  
 Larson Davis Type 824 Sound Level Meter 
 M-Audio MicroTrackII 24-bit line-level audio recorder 
 Bruel & Kjaer Type 4230 Acoustic Calibrator 
 SoundDevices USBPre audio interface 
 Infiltec Model INFRA-20 seismometer (acoustic pressure, 0.1 to 20 Hz) 
 SpectraPlus 5.0 acoustic analysis software 
 Amaseis helicorder datalogger software 

                                                 
1 Robert W. Rand, Stephen E. Ambrose, Carmen M. E. Krogh, "Occupational Health and Industrial Wind 
Turbines: A Case Study", Bulletin of Science Technology Society October 2011 vol. 31 no. 5 359-362. 
2 Ambrose, S. E., Rand, R. W., Krogh, C. M., “Falmouth, Massachusetts wind turbine infrasound and low 
frequency noise measurements”, Proceedings of Inter-Noise 2012, New York, NY, August 19-22. 
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2.2 Protocol 
 
Measurements would be obtained during higher-wind conditions as possible to derive a 
contrast from low- or no-wind conditions at the three homes under investigation. A "control" 
home in a quiet location far away from the Shirley Wind facility would be measured to 
provide background acoustic levels and signatures with no wind turbines nearby. Walker 
measurements would be observed and discussed and independent analysis performed by the 
observers as possible during the testing. The first primary goal was to obtain clean precision 
audio recordings for later analysis. The second primary goal was to obtain neighbor reports 
and discern acoustic contrast during the field investigations for immediate reporting of 
significant noise components to concerned parties. Mr. Rand would remain attentive to and 
report his health state during the testing. 
 
At times during the testing Mr. Rand moved to other locations independently of the Walker 
system because of easier instrumentation mobility and to reduce noise contamination from 
activity by the other investigators.  
 
3.0 Data collected 
 
Mr. Rand took notes on health reports during the investigations, conveyed his state to the team 
during the testing, and compiled notes for later analysis, provided in Table 1. Neighbors were 
interviewed and they assembled reports for the team's use, listed in Table 2. 
 
Mr. Rand referred primarily to Dr. Walker's acoustic recordings and analysis during testing 
and analysis. He acquired recordings and infrasonic acoustic pressure data separately for 
backup and reference.  
 
Weather data were obtained from Wunderground as shown in Table 3. 
 
Note: Although requested prior to the survey and again while at the site, Mr. Hessler made a 
decision not to acquire acoustic data with the Walker system at a control home far away from 
the Shirley Wind facility, citing "too many variables." 
 
4.0 Analysis 
 
Analysis focused on health state and, the levels and time-varying waveforms during higher-
wind conditions when neighbors reported conditions as intolerable or difficult,  versus quieter 
conditions which neighbors reported as tolerable.  
 
5.0 Results 
 
Results are preliminary. Nausea was experienced and nauseogenicity is indicated. 
 
5.1 Neighbors report either tolerable or intolerable conditions, with little rating scale in 
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between. They said if the turbines are operating, it's intolerable. Mr. Rand observed neighbors 
unable to stay at the homes at times even under moderate wind conditions during the testing.  
 
5.2 Neighbors do not always hear the turbines. The neighbors indicated there is no real 

difference in wind compass direction on the negative health effects. The house could be 
upwind, downwind or crosswind to the turbine; no difference. 
 
5.3 Neighbors retreated to the basement and gained partial relief from symptoms. Tested 

sound levels are the same everywhere in the home except less in the basement. Lower sound 
levels in the basement matches the neighbor reports to Mr. Rand to the effect that, when the 
turbines are operating, it's about the same level of difficulty everywhere in the house, except 
the basement, where they would retreat to gain partial relief, until they either left or 
abandoned the home to get substantial relief. The neighbors reported that they felt a need to 
get outside when conditions were intolerable. Their reports are supported by and correlate to 
the ubiquitous presence of the acoustic energy inside in all locations, except in the basement 
where it is slightly less. The neighbors take to the basement or if that is not sufficient to gain 
relief, they leave the home. 
 
5.5 Acoustic energy outside was strongly coupled into the home at infrasonic frequencies 

when turbines operating in design range. Neighbors reported feeling worst when turbines are 
turning compared to light-wind conditions with some or all turbines off when they report 
using words such as "tolerable". Coherence between outdoor and indoors time-series was high 
at infrasonic frequencies below 8 Hz when wind turbines operating compared to when wind 
turbines off or turning slowly in light winds.  
 
5.6 Neighbors reported being highly annoyed by the interior sound. Elevated acoustic 

energy was observed inside all three homes in the range of 10 to 40 Hz. Room, house, wall 
and floor acoustic modes (resonant frequencies) are found in the 10 to 40 Hz range. The 
Nordex N100 has in-flow turbulence noise at a peak frequency of 9 to 14 Hz depending on 
rotational speed, which might be involved in exciting resonant frequencies in walls and floors. 
More analysis and/or survey work appears needed to determine the extent of the problem. Mr. 
Rand was able to discern panel excitation in R3 where the owner reported feeling pressure on 
his ears as he moved toward the southerly wall of the sitting area in the open-area. Two wind 
turbines operating at a distance were faintly audible in R3 and detectable with ear to wall. Dr. 
Walker and Mr. Rand discussed the sensation, examined the walls, and made measurements 
of the home room dimensions for a future check of room modes against acoustic recordings.  
 
5.7 Neighbors reported that at a distance of 3-1/2 miles, they could find relief when 

turbines were operating. Outdoor average sound levels at the nearest home R2, a distance of 
1100 feet, were measured at approximately 48 dBA. Assuming 6 dB per doubling of distance 
for the A-weighted sound level, a probable A-weighted sound level at 3-1/2 miles is 48-
20log(1100/18480) or, 48-23 or, 25 dBA. Measured infrasonic unweighted average levels 
outdoors were approximately 73 dB at 0.3 Hz at 1100 feet. Assuming 3 dB per doubling of 
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distance (cylindrical spreading) [2][3] for infrasonic propagation, a probable average 
infrasonic level at 3-1/2 miles is 73-10log(1100/18480) or, 73-12 or, 61 dB. More work is 
needed to establish what infrasonic levels are consistent with relief for the neighbors. 
 
The sample seismometer graph below shows the time varying waveform inside R2, the closest 
home at 121206 3:33 am with several turbines turning. Signal is filtered to pass the blade pass 
frequency and first four harmonics. Peak levels were 0.2 to 0.3 Pa (living room; scale shown 
approximately in milliPa), about 80 to 83 dB peak. 
 

 
 
 
At R3 on 121207 110pm winds were light and the neighbors described the conditions as 
"tolerable" with no real problems. The sample seismometer graph below shows the time 
varying waveform for that period inside R3, the farthest home away in the testing. Peak levels 
were roughly 0.05 Pa (living room; scale shown approximately in milliPa), or about 50 dB 
peak. These results are preliminary and roughly similar to Dr. Walker's infrasonic data. 
 

 
                                                 
3 H. Møller and C. S. Pedersen: Low-frequency wind-turbine noise from large wind turbines. J. Acoust. Soc. Am. 
129 (6), June 2011.  

2012/12/06 10:30:23 
Sample rate: 52.2054 
Bandpass filter. Corners: 4 Hz (0.25 s) and 0.5 Hz (2 s) 

2012/12/07 18:10:29 
Sample rate : 18. 7172 
High pass filter. Corner: 0.1 Hz (10 s) 

I I I II 

-56.72 
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5.7 Negative health effects were experienced. During testing Mr. Rand experienced again [4] 
some of the adverse health effects reported by the neighbors. In effect, Mr. Rand "peer-
reviewed" the neighbors by staying in two of the homes for extended periods of time 
overnight to experience what they are reporting. Mr. Rand slept in R1 the night of December 
4th to assess the effects on sleep, and worked at R2 much of the second night (to 5:30 am) to 
assess audibility and effects while awake. Wind turbine sound levels were faintly detectable 
with interior sound levels in the range of 18-20 dBA. Note: Although he had arrived the 
previous night feeling good, on  awakening on December 5 Mr. Rand felt nauseous (very 
unusual). To summarize, Mr. Rand encountered unusual negative health effects during the 
testing period when near the operating wind turbines, including, at various times: 
 
 - Nausea 

 - Headache 
 - Dizziness 
 
Symptoms persisted after the testing for about a week, relieved by rest away from the site. The 
other investigators do not get seasick and did not report the same negative health effects. 
 
Implications 

 
A nauseogenic factor is present. Naval, aviation and other research has established human 
sensitivity to motion producing nausea. While mechanism for motion sickness is not well 
understood, "theories all describe the cause of motion sickness via the same proposition: that 
the vestibular apparatus within the inner ear provides the brain with information about self 
motion that does not match the sensations of motion generated by visual or kinesthetic 
(proprioceptive) systems, or what is expected from previous experience". The range of motion 
nauseogenicity has been measured at 0.1 to 0.7 Hz and with a maximum nauseogenic potential 
at 0.2 Hz [5][6] (see Figure 1). The Nordex N100 has a rotational rate of 0.16 to 0.25 Hz and a 
nominal blade passage rate of 0.5 to 0.7 Hz (three times the rotational rate). A hypothesis is 
suggested based on the limited, preliminary research correlating acceleration and 
nauseogenicity: Nauseogenicity is present at Shirley due to acceleration on inner ear from 

modulated, impulsive acoustic pressure at rotation and/or blade passage rates.  

 
Note: Wind turbines produce periodic acoustic pressure modulations at the rotation rate (per 
blade) and blade passage rate (per turbine), due to changes in wind speed and turbulence as 
blades are rotated top to bottom, and as they pass the tower where a pressure blow zone 
changes local wind speed. Pressure modulations at BPF with strong rates of change were 
documented by Dr. Walker (see Dr. Walkers report and the main report, conclusions). 

                                                 
4 Nausea/dizziness/headache (very unusual) experienced at three other wind turbine sites including Falmouth, 
MA, April 2011 (Vestas V82); Hardscrabble, NY, August, 2012 (Gamesa G90-2MW); Vader Piet, Aruba, 
October, 2012 (Vestas V90-3MW). 
5 Samson C. Stevens and Michael G. Parsons, Effects of Motion at Sea on Crew Performance: A Survey. Marine 
Technology, Vol. 39, No. 1, January 2002, pp. 29–47. 
6 Golding JF, Mueller AG, Gresty MA., A motion sickness maximum around the 0.2 Hz frequency range of 
horizontal translational oscillation. Aviat Space Environ Med. 2001 Mar;72(3):188-92.  
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Note: Wind turbines encounter stronger winds at the top of rotation compared to the bottom. 
As each blade rotates through a full turn (one revolution) the blade is forced, bent, or flexed 
back by stronger wind load at the top of rotation and then returns to a lesser amount of 
bending at the bottom of rotation (the bending moment). Flexing occurs at the rotation rate. 
It's hypothesized that the blade displaces or disturbs a volume of air proportional to bending 
moment, translating motion into sound pressure at the flexing frequency, just as a loudspeaker 
moves air by displacement. Blade flexing may also impart a forcing function into the tower 
then transmitted into the ground, traveling to the house which responds, yielding two paths for 
acceleration on the inner ear. 
 
Figure 2 shows rotational rates in Hz for various wind turbine models, for the total frequency 
span of 0.1 to 1 Hz associated with nauseogenicity. As wind turbine MW ratings have 
increased, the blades have become longer and less stiff with larger bending moments, and the 
rotational rate has decreased. The operating rpm for the Nordex N100 is 0.16 to 0.25 Hz with 
blade pass rates at 0.5 to 0.7 Hz.  
 
Under the hypothesis of nausea produced by a periodic forcing acceleration on the inner 

ear either at rotation or blade pass rates, the Nordex N100 operates in or near the 

documented range of highest potential for nauseogenicity. Earlier turbine models studied 
for annoyance (primarily the stall- regulated models shown) have shorter, stiffer blades with 
smaller bending moments and do not have rotation rates near the peak potential nauseogenic 
frequencies. Consistent with the hypothesis, a limited review of a previous wind turbine noise 
study on community effects near smaller wind turbines [3] did not find nausea. 
 
The only range of frequencies capable of creating an identical level throughout an enclosed 
structure are frequencies with wavelengths significantly larger than the size of the enclosed 
volume (the house). This points to the lower infrasonic frequency range below 10 Hz. This is 
consistent with the nauseogenic hypothesis for a driving force near 0.2 Hz and, the highest 
sound levels which were measured in the range of 0.2-0.4 Hz (see main report) with the wind 
turbines turning at 9 to 14 rpm (0.16 to 0.25 Hz) with blade pass rates of 0.5 to 0.7 Hz. While 
the highest sound levels indoors were down near 0.2 Hz, the most strongly coupled acoustic 
frequencies were the first several multiples of 0.7 Hz. 
 
Shirley neighbors reported sleep interference in affidavits. Sleep deprivation magnifies the 
occurrence of motion sickness because it interferes with the vestibular system habituation 
process [4]. Further, many people suffer the misery of motion sickness without vomiting [4].  
 

 
006387

ADMINISTRATIVE RECORD Page 122 of 285

- Page 1561 -



Investigations of infrasonic and low-frequency noise 
Shirley Wind Facility, Wisconsin, December 4-7, 2012 
 

 
8 
 

Conclusions 

 
Nauseogenicity is a factor at Shirley. Acceleration of the inner ear is suggested due to 
extremely low-frequency pulsations at the rotation and blade pass rates that occur in or near 
the frequencies of highest potential for nauseogenicity and, are coupled strongly into the 
homes now abandoned. More research at Shirley is recommended to understand 
nauseogenicity from wind turbine operations, to properly design and site large industrial wind 
turbines (over 1 MW) near residential areas to prevent the severe health effects. More work is 
needed to establish what infrasonic levels are consistent with relief for the neighbors. 
 
Medical research and measurement is urgently needed to be field coordinated along with 
infrasonic acoustic and vibration testing. The correlations to nauseogenicity at the 2.5MW 
power rating and size suggest worsening effects as larger, slower-rotating wind turbines are 
sited near people. 
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Figure 1. From Stevens et al (2002) Figure 5 showing incidence of vomiting associated with 
vertical oscillation according to McCauley et al (1976) and modeled. Colored patches 
postulate association between rotational rate (solid), BPF(striped) and response at Shirley 
(nausea, did not vomit); acceleration level was not measured.  
 
 
 

 
 
Figure 2. Chart of wind turbine rotation rates (Hz) for various wind turbine models including 
the Nordex N100. Note nauseogenicity range is 0.1 to 1 Hz with peak potential noted at 0.2 
Hz. Note bars on GE 1.5 and Vestas V90 models indicate nominal rotation rate. 
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Figure 3. Weather conditions during investigations, December 4-7, 2012. 
 

 
 
Weather source: KGRB Green Bay, WI. December 4-7, 2012 
http://www.wunderground.com/history/airport/KGRB/2012/12/4/CustomHistory.html?dayend=7&mont
hend=12&yearend=2012&req_city=NA&req_state=NA&req_statename=NA&MR=1 
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Table 1. Symptom reports logged during investigations. 
 
Date Time Location Condition Report By 

12/4/2012 before 8:15 pm R1 - Enz Intolerable (left the home). Mrs. Enz 
12/4/2012 after 8:15 pm R1 - Enz Lessened. 

(sound levels dropped) 
Rand 
Schomer, Rand 

12/4/2012 9:30 pm R2 – Cappelle Dizzy, tight chest. 
(No sensation) 

Mrs. Cappelle 
(Mr. Cappelle) 

12/5/2012 7 am R1 – Enz Slept at R1. Nauseous on 
awakening (very unusual). 

Rand 

12/5/2012 11:45 am R1 – Enz Feel okay. WTs stopped. Rand 
12/5/2012 12::45 pm R3 – Ashley Feel all right. Light winds, only 2 

of 8 WTs turning 
Rand 

12/5/2012 8:38 pm R2 - Cappelle Headache, left ear full. Rand 
12/5/2012 9 pm R1 – Enz 

Kitchen area 
Chest pain (both parties) 
Left ear pain 
"Pain of wall echoing off head." 

D. Enz, D.Ashley 
D. Enz 
D. Ashley 

12/5/2012 9:10 pm R1- Enz 
Kitchen area 

Both ears feel blocked. Rand 

12/5/2012 9:23 pm R1 – Enz  
Blue bedroom 

Feeling okay. 
Not comfortable. 

Rand 
D. Enz, D. Ashley 

12/5/2012 10:45–11:15 pm R2 – Cappelle Felt ill 10:45 pm, felt better around 
11:15 pm. Symptoms explained- 
not WTs. 

P. Schomer, 
Bruce Walker 
 

12/5/2012 11:45 pm R2 – Cappelle Feeling okay except pressure in left 
back of head (very unusual). 
Stayed listening, judging condition, 
and observing seismometer until 
12/6/12 5:30 am. 

Rand 

12/6/2012 1:08 pm R2 – Cappelle Headache onset, intensified all day 
(very unusual). 

Rand 

12/6/2012 2:06 pm R2 – Cappelle Pressure in back of head (very 
unusual, felt only at other wind 
turbine sites). 

Rand 

12/6/2012 2:55 pm R2 – Cappelle Very dizzy on stairs, almost fell, 
had to steady with hand, pressure 
in back of head, strong headache 
(very unusual). 

Rand 

12/7/2012 12:02 pm R3 – Ashley "very tolerable"; right ear popping 
and cracking. 

D. Ashley 

12/9-15/12 after testing Maine Dizziness, nausea persist. Eye 
fatigue. PC work reduced. 

Rand 
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Table 2. Neighbor field notes. 
 

 
 

Enz and Ashley 

Name: Darren Ashley Location: Homes 

Date Time What you were feeling Wind direction # turbines on 

4-Dec 12-1 pm Tight chest, slight starting ear pain/pressure west 4-6 

4-Dec 2:30-3:30 Ears burning, more burning as on more turbine starts up west 4-6 

Ears burning, especially strong sensation as I approached west window 

4-Dec 8:45 PM in Enz house west/northwest 61 think 

Traveled from Denmark home to Schmidt home, mild ear pain in and 

5-Dec am outside of home, and while traveline southeast on and off 

At Schmidt home, in basement, fixing furnace, mild ear pain, very 

5-Dec 3-4:30 pm anxious all dav into evenimz. southeast 6of8 

pain in middle of my chest at Enz house, could not sit in kitchen againsl 

north wall because of head pain/pressure, no strong sensation as I 

5-Dec 9-9:45 pm would approach window west windows south/southeast 6of8 

felt strong presence in cozy room at Schmidt house, better outside not 

6-Dec 12-12:45 am nearlv as anxious all dav south/southeast 8 

I had a tight neck while sitting on couch at Schmidt house, waiting for 

6-Dec 12-12:45 am test south/southeast 8 

drove thru wind farm, no issues, no pain, no headache 
6-Dec 11:30AM south ZERO 

Driving home from Schmidt home thru wind farm I had a splitting 

6-Dec 12:40-12:50 pm headache, which lessoned as got further awav. south 7 

Stood on Glenmore road, close to Shirley road, felt sicker and sicker 

6-Dec 4:15 PM throueh mv bodv the loneer I staved south/southwest 6? 

could feel pressure in cozy room at Schmidt house, not as strong as 

6-Dec 4:25 PM ni11ht before, but still detectable S,outhwest 5 

While testing I stepped outside, two turbines at School rd were off, I 2at School rd 

could immediately feel pressure in my right ear as the two turbines 

6-Dec 4:35 PM started UP, reported this to Rand. At Schmidt home Southwest and 3 others 
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Table 2 (continued). Neighbor field notes. 
 

 
 
 

 

Enz and Ashley 

Name: Dave Enz Location: Homes 

4-Dec 8:30AM Headache, tight chest, unstable at Enz home west 4 

4-Dec 3:00 PM blurred vision, tight chest, head pressure at Enz Home West 4-5 

5-Dec am head and ear pressure, felt upstairs in Schmidt house from turbines dir S-SE 1-3 

At Enz home, felt chest pain mostly on left side-it moved toward the 

center. It felt like my forehead was being pushed into my head, ear 

5-Dec 9-10 pm pressure, oain aueasv stomach. SE I think 8? 

At Schmidt house, head pain and ear pressure, both downstairs along 

east side of house where it was the worst, eyes blurry, upset stomach 

5-Dec Midnight and unstable SE 

we stopped on Highview RD and videoed turbines, loud whooshing and 

6-Dec 1:00AM thumping sounds varied a lot as the turbines meshed with each other. SE 

while laying in bed, my chest started to quiver, I checked my pulse, it In Denmark away 

seemed OK. It lasted a few minutes. Eyes are blurry and I am very 

6-Dec 1:45AM unstable, I don't feel well vet. from turbines 

At Denmark House, away from turbines. Working on computer In Denmark away 

difficult due to blurry vision/eye strain. Still unstable and nauseated. I 

don't feel well, hope it will pass soon. Ears are still burning and sore. I 

don't think I will go among turbines today. I am not sure being a lab 

6-Dec 8:00AM rat. Left eve seems out of touch with right eve. from turbines 

I I 

Name: Rose Enz Location: Enz Home 

Date Time What you were feeling Wind direction # turbines on 

My ears started hurting as we retrieved some items out of the 

4-Dec 8:30AM house before testing tails to the house 

My ears started hurting and then I started side stepping as not 

walking in a straight line. I had a hard time not tripping over all 

the wires. I sat down in my rocker chair, kitchen corner for a 

4-Dec 8:45 PM short time, felt sick to my head and stomach. tails to the house 
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Paul Schomer 
 
 
 

December 21, 2012 

I)  Observations from discussions with residents: 
Four of the five researchers; George Hessler, David Hessler, Bruce Walker, and Paul  Schomer met with 
affected residents of Shirley and discussed the problems they had that were precipitated by the wind 
turbines.  This discussion produced several  notable points not previously known by this researcher. 
  1.  At most locations where these health problems occurred, the wind turbines were generally 
not audible.  That is, these health problems are devoid of noise problems and concomitant noise 
annoyance issues.  The wind turbines could only be heard distinctly a one of the 3 residences examined, 
and they could not even be heard indoors at this one residence during high wind conditions.   
  2.  The residents could sense when the turbines turned on and off; this was independent of 
hearing the turbines. 
  3.  The residents reported "bad spots" in their homes but pointed out that these locations were 
as likely to be "bad" because of the time they spent at those locations, as because of the "acoustic" 
(inaudible) environment.  The residents certainly did not report large changes  from one part of their 
residences to another. 
  4.  The residents reported little or no change to the effects based on any directional factors.  
Effects were unchanged  by the orientation of the rotor with respect to the house; the house could be 
upwind, downwind, or crosswind of the source. 
  5.  Residents of the nearest house reported that their baby son, now 2  years old, would wake 
up 4 times a night screaming.  This totally stopped upon their leaving the vicinity of the wind turbines, 
and he now sleeps 8 hours and awakens happy. 

I)  Implications of these observations: 
  1.  The fact that these residents largely report wind turbines as inaudible, and the reported 
effects on a baby  seem to rule out the illness being caused by extreme annoyance as some have 
suggested. 
  2.  The lack of change with orientation of the turbine with respect to the house and the lack of 
change with position in the house suggest that we are dealing with very low frequencies;   frequencies 
where the wind turbine size is a fraction of the wavelength‐‐about 3 Hz or lower.   

II)  Observations from results of measurements: 
  1. These observations are based upon the coherence plots and coherence graphs produced by 
Bruce Walker.  He produced both amplitude, frequency and coherence plots and 10 minute coherence 
charts showing  only amplitude and frequency.  While both show the same thing, this analysis 
concentrates on the latter because the former have only a 30 dB dynamic range.  Figures 1 and 2 show 
the coherence between the outdoor ground plane microphone and 4 indoor spaces at Residence 2: the 
living room, the master bedroom, behind the kitchen, and in the basement.  Figure 3 shows the single 
valid example of basement measurements at Residence 3.  The data from Residence 2 are for optimum 
wind conditions in terms of the turbine operation.  Whereas the data at Residence 3 are for low wind 
conditions and not necessarily indicative of what would be found were the wind turbines operating at 
normal power. 
  2.  In Implications (I), it is inferred from the resident observations that the important effects 
result from very low frequency infrasound, about 3 Hz or lower.  We can test the assertion with the data 
collected at the three residences at Shirley.  Only  Residence 2 was  tested during optimum wind 
conditions, so that is the primary source of data used herein.   Figures 1 and 2 show the coherence 
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between the outdoor ground plane microphone and the four indoor spaces listed above.  First, we 
examine Figure 1.  All of the four spaces exhibit coherence at  0.7 Hz, 1.4 Hz, 2.1 Hz, 2.8 Hz and 3.5 Hz, 
and in this range there is no coherence indicated except for these five frequencies.   The basement 
continues, with coherence exhibited at 4.2 Hz, 4.9 Hz. 5.6 Hz, 6.3 Hz and 7 Hz.  The coherence in the  
basement drops low from 10‐18 Hz and is more or less random and low after 18 Hz.  Figure 1b shows 
the coherence just for the frequency range from 10 Hz to 35 Hz, and essentially this figure exhibits  
random patterns with no correlation from one room to the next.  For example, coherence with the 
microphone behind the kitchen is high from 10‐14 Hz and the master bedroom is high from 12‐14 Hz 
while the other two spaces exhibit low coherence, and again the master bedroom is high 28‐35 Hz with 
the others being low, and the living room is high from 50‐58 Hz with the other spaces low; no pattern.  
In contrast all four spaces are lock step together in their coherence with the outdoor microphone below  
about 4 Hz.  Figure 2, another sample from Residence 2 shows much the same pattern.  In this case, 0 .7 
Hz, 1.4 Hz, 2.1 Hz clearly are evident for all four spaces.  For some reason 2.8 Hz is much reduced for the 
living room but 3.5 Hz is evident for all four spaces.    In terms of the basement  a number of other peaks 
are evident up to about 8 Hz where the basement then falls low until about 18 Hz and is random 
thereafter.   As with Figure 1, there is no pattern to the coherence function above about 8 Hz.  
  3.  Residence 2, and indeed all  three residences, exhibit classic wall resonances in about the 10‐
35 Hz range which are different for each room and exposure, so it is reasonable to suppose that the 
randomness in the 10‐35 Hz region in the above ground rooms is the result of wall resonances.  The 
basement, which has no common wall with the outside, exhibits generally the lowest coherence in the 
10‐35Hz region.  Thus, I conclude that the only wind turbine related data evident in the measurements 
at Residence 2 are the very low frequencies ranging from the blade passage frequency of 0.7 Hz to up to 
about 7 Hz.  This conclusion is consonant with the residents' reports that the effects were similar from 
one space to another but a little to somewhat improved in the basement, the effects were independent 
of the direction of the rotor and generally not related to audible sound.  
  4.  Figure 4 shows the coherence as functions of both time and frequency, and it is clear that the 
basement shows the greatest coherence below 8Hz of the four spaces and the least coherence above 
8Hz.  This result further supports the conclusion that it is the very low frequencies that are important.  
  5.  Figure 3 is for Residence 3 which was 7000 feet from the nearest turbine, in contrast to 
Residence 2 which was only 1100 feet from the nearest turbine.  Even here with much reduced 
amplitude there seems to be several frequencies where the four spaces have peaks together beginning 
at 0.8 Hz. However, unlike Residence 2, the coherence functions for all four of the space move together 
from about 15 Hz to 70 Hz.  The sound pressure level at the outdoor microphone and at each of the four 
indoor spaces shows every harmonic from what appears to be the first harmonic at 20 Hz through 200 
Hz.  To my thinking this was clearly a loud outdoor source with a fundamental frequency of just under 20 
Hz.   And indeed it was.  I called Bruce and he told me it was a helicopter. (I was not present the last day) 
  6.   Figure 5 shows the  sound pressure level for first minute of the 10 minutes represented by 
Figure 1, above.  This  figure, which is sensitive to the lowest frequencies shows that at these very low 
frequencies the sound pressure level in all four spaces is quite similar.  The small changes from different 
positions in the house also suggests that the house is small compared  to the wavelength so that the 
insides of the house are acting like a closed cavity with uniform pressure throughout being driven by  
very low‐frequency infrasound. 

II)  Implications of the measurements: 
  1. The measurements support the hypothesis developed in (I )that the primary frequencies are 
very low, in the range of several tenths of a Hertz up to several Hertz.   The coherence analysis shows 
that only the very low frequencies appear throughout the house and are clearly related to the blade 
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passage frequency of the turbine.   As Figure 5 shows, the house is acting like a cavity and indeed at 5 Hz 
and below, where the wavelength is 200 Ft or greater, the house is small compared to the wavelength.  

III) Observations from related literature: 
  1. We consider a 1987 paper entitled:  Motion Sickness Symptoms and Postural Changes 
Following Flights in Motion‐Based Flight Trainers .    
   This paper was motivated by Navy pilots becoming ill from using flight simulators.  The 
problems encountered by the Navy pilots appear to be somewhat similar to those reported by the 
Shirley residents.   This 1987 paper focused on whether the accelerations in a simulator might cause 
symptoms similar to those caused by motion sickness or seasickness.  Figure 6  (Figure 1 from the 
reference) shows the advent of motion sickness in relation to frequency, acceleration level and duration 
of exposure.  To develop these data, subjects were exposed to various frequencies, acceleration levels 
and exposure durations, and the Motion Sickness Incidence (MSI) was developed as the percentage of 
subjects who vomited.   Figure 6 show two delineated regions.  The lower region is for an MSI of 10%.  
The top end of  this region is for an exposure duration  of 30 minutes and the bottom end is for eight 
hours of exposure.  The upper delineated region has the same duration limits but is for an MSI of 50%. 
The acceleration levels indicated for the SH3 Sea King Simulator show that the accelerations in the y and 
z direction went well into the nauseogenic region as defined by the Navy, whereas the P3‐C Orion 
simulator had comparable accelerations in the x direction and lower accelerations in the y and z 
direction.   Not surprisingly pilots' reports of sickness increased dramatically after exposure to the SH3 
simulator while exposure to the P3 ‐C simulator had virtually no effect on reports of sickness. 
  2. What is important here is the range encompassed by the delineated regions of Figure 6. 
Essentially, this nauseogenic condition occurs below 1 Hz; above 1Hz it appears that accelerations of 1G 
would be required for the nauseogenic condition to manifest itself.  While the Navy criteria are for 
acceleration, in Shirley we are dealing with pressures in a  closed cavity, the house.  Acceleration of the 
fluid filled semi‐circular canal in the ear will manifest itself as force on the canal.  The similarity between 
force on the canal from acceleration and pressure on the canal from being in a closed cavity suggest that 
the mechanisms and frequencies governing the nauseogenic region are very similar for both pressure 
and acceleration. 
  3. As the generated electric power of a wind turbine doubles the sound power doubles and the 
blade passage frequency decreases by about 1/3 of an octave.   The wind turbines at Shirley have a 
blade passage frequency of about 0.7 Hz.  This suggests that a wind turbine producing 1 MW would have 
a blade passage frequency of about 0.9 Hz, and on Figure 6,  a change from 0.7 Hz to 0.9 Hz requires a 
doubling of the acceleration for the same level of response.  Thus, it is very possible that this 
nauseogenic condition has not appeared frequently heretofore because older wind farms were built 
with smaller wind turbines.  However, the 2 MW, 0.7Hz wind turbines clearly have moved well into the 
nauseogenic frequency range.  

III)  Implications from the Navy's Nauseogenic Criteria: 
  1. This analysis suggests that similar problems to the problems in Shirley can be expected for 
other wind turbines that have the same or lower fundamental frequency.   The Navy criteria suggests 
that to maintain the same level of health‐related effects as have occurred heretofore,  the levels of a 2 
MW,0.7 Hz wind turbine as experienced in the community must be 6 dB lower than those for 1 MW, 0.9 
Hz wind turbine.  Moreover, Figure 6 does not bode well for future larger wind turbines if they go even 
lower in frequency.  

IV)  Descriptors for Wind Turbine Emissions 
  1. Currently the wind turbine industry presents only A‐weighted octave band data down to 31 
Hz.  They have stated that the wind turbines do not produce low frequency sound energies.  The 
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measurements at Shirley have clearly shown that low frequency infrasound is clearly present and 
relevant.  A‐weighting is totally inadequate and inappropriate for description of this infrasound.  In point 
of fact, the A‐weighting, and also the C and Z‐weightings for a Type 1 sound level meter have a lower 
tolerance limit of  ‐4.5 dB in the 16 Hz one‐third‐octave band, a tolerance of minus infinity in the 12.5 Hz 
and 10 Hz one‐third‐ octave bands, and are totally undefined below the 10 Hz one‐third‐octave band.  
Thus, the International Electro‐technical Commission (IEC) standard needs to include both infrasonic 
measurements and a standard for the instrument by which they are measured.  

V)  The Tests We Should Perform 
  1. That the wind turbines make people sick is difficult to prove or disprove.  However, the 
sensing of the turbines turning on or off is testable.   Consider the two houses where there is no audible 
sound.  Residents would arrive at the house with the wind turbines running for something like a 2‐hour 
test.   Sometime during the first hour, the wind turbines might or might not be turned off.  If turned off, 
it would be the residents task to sense this "turn off" within some reasonable time‐‐say 1 hour.                               
Correct responses (hits) would be sensing  a "turn off" when the turbines were turned off, or sensing no 
change if they were not turned off.    Incorrect responses (misses) would be failure to sense a turn off 
when the turbines were turned off, or "sensing" a turn off when the turbines were not turned off.    
Similar tests could be done starting with the turbines initially off. 
  2. It would be necessary to prevent  the subjects from seeing the turbines or being influenced by 
one another.   If everyone marked a silent response on their board or into their laptop at the same time; 
say every 5 minutes,  then no one would be able to know another person's  responses.  Pure chance is 
50/50, so a hit rate statistically significantly greater than 50/50, and/or a miss rate statistically 
significantly less than 50/50 would indicate that the residents were able to sense the wind turbines 
without the use of sight or sound. 
  3. Testing would take about 3 to 5 good days; days when the wind was such that the wind 
turbines were operating at a substantial fraction of full power.  Up to 3 tests per day could be done, with 
3‐4 subjects in each of the two, or possibly 3, houses.   Physical measurements would be made of  the 
before and after conditions at each house simultaneously to correlate with the sensing tests.   Each 
subject would be tested up to 5 times.  Note:  Testing multiple times per day presupposing that the 
subjects could tolerate such a rigorous testing schedule. 
  4. The testing would require at least 1 researcher at each house to take the physical 
measurements and one researcher to supervise the sensing test with one test "proctor" per test room.  
It would be necessary for the proctor to help the researcher performing the physical measurements 
during non‐test hours with activities like calibration. 
  5. Conduct of this test clearly requires the assistance and cooperation of Duke Energy.  This test 
can only be done if Duke Energy turns on and off the turbines from full power, as requested  and for the 
length of time requested.  
 

Figure 1a, b: R2‐5T212420‐‐coherence with outdoor‐ground plane microphone; Living Room‐Blue, Master 
Bed Room‐ Red, Behind Kitchen‐ Green, Basement‐Purple, b is an expanded view from 9` Hz to 35 Hz
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Figure 2a, b: R2‐5T204657‐‐coherence with outdoor, ground‐plane microphone; Living Room‐Blue, Master Bed Room‐
Red, Behind Kitchen‐ Green, Basement‐Purple, b is an expanded view from 9 Hz to 35 Hz 

 

 

4a‐ Living Room    4b‐ Master Bed Room 4c‐ Behind Kitchen 4d‐ Basement

Figure 4a,b,c,d‐ Coherence with the outside ground microphone and the four inside microphones in the locations 

indicated. Note the Basement (4d) which does not have walls coincident with outside shows high coherence at the 

wind turbine blade passage frequency for several harmonics and almost no coherence above about 8 Hz where the 

at or above ground walls are resonant.  

 

aFigure 3a, b: R2‐5T204657; Living Room‐Blue, Upstairs Bed Room‐ Orange, Family Room‐ Turquoise, Basement‐Purple, b 
is an expanded view from 10 Hz to 100 Hz.  Note the strong coherence from 20 through at least 80 Hz that resulted from 
a nearby Helicopter. 
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Figure 5‐ First of the ten minute period of 5T212420. Note that the SPL is very similar for all indoor locations. 
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1.0  Introduction 
 
The noise produced by wind turbines differs fundamentally from the noise emitted by 
other power generation facilities in terms of how it is created, how it propagates, how it is 
perceived by neighbors and how it needs to be measured.  Essentially everything about it 
is unique and specialized techniques need to be employed in order to rationally assess 
potential impacts from proposed projects and to accurately measure the sound emissions 
from newly operational projects.   
 
Existing ISO1,2, and ANSI3,4 standards that are perfectly appropriate for evaluating and 
measuring noise from conventional power generation and industrial facilities were not 
written with wind turbines in mind and contain certain provisions that make them 
unsuitable for application to wind turbines.  For example, most test standards, quite 
sensibly, allow valid measurements only under low wind or calm conditions in order to 
preclude, or at least minimize, wind-induced directional effects, among other things.  At a 
conventional power plant, which may operate around the clock, this requirement simply 
implies a wait for appropriate weather conditions.  At a wind turbine project, however, 
there is nothing to measure during calm wind conditions, since the project is normally 
idle.  Significant noise generation largely occurs during wind conditions that are 
generally above the permissible limit.  At the present time, a lone standard, IEC 61400-
115 exists for evaluating wind turbine sound levels, but only for the specific purpose of 
measuring the sound power level of a single unit.  Sound power level is an arcane, 
intangible, derived quantity that is used as an input to analytical noise models and has 
little relevance to the sound level a wind farm is producing at someone’s home.  
Consequently, this highly specialized test cannot be used or even adapted to serve as a 
way of determining whether a new multi-unit project is in compliance with a noise 
ordinance, for instance.     
 
What all this suggests is that the standards and methodologies that exist for assessing and 
measuring noise from conventional industrial noise sources cannot be applied wholesale 
to wind turbine noise and completely different assessment and field measurement 
methodologies are required that are tailored to, and take into account, the unique 
circumstances and technical challenges surrounding their noise emissions.  These 
guidelines seek to address this situation by describing suggested assessment and 
measurement techniques that have been developed over the past decade through field 
experience on roughly 70 wind projects, primarily in the Midwest and Eastern United 
States, nearly all of which were located in rural, yet moderately populated areas.  Without 
question many mistakes were made in the early going into this uncharted field of study 
and many naïve assumptions about wind turbine noise were found to be incorrect.  It is 
hoped that what was learned from this experience and what is summarized in these 
guidelines can help others circumvent this learning curve.  
 
After a brief discussion on the nature of wind turbine noise, the following principal topics 
are discussed:  
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• Suggested design goals for new projects 
• Evaluating potential noise impacts from proposed projects through noise 

modeling and field surveys of existing conditions 
• Measuring the noise emissions from operational projects to determine compliance 

with design goals or regulatory limits 
 
1.1  Executive Summary 
 
Wind turbine noise differs fundamentally from the noise produced by other power 
generation and industrial sources in how it is produced, how it propagates and how it is 
perceived by neighbors.  Because existing sound measurement standards were never 
written with wind turbines in mind they are largely unsuitable for use in wind turbine 
analyses, if only because measurements both prior to and after construction essentially 
must be performed in the windy conditions necessary for the project to operate – 
conditions that are prohibited by virtually all current test standards.  Consequently, new 
and unique evaluation and measurement techniques must be used that are adapted to the 
special circumstances germane to wind turbines.  These guidelines are intended to help 
remedy this situation by suggesting design goals for proposed project, outlining a 
methodology for evaluating potential impacts from new projects and describing how to 
accurately measure the noise emissions from operating projects. 
 
Studies and field surveys of the reaction to operating wind projects both in Europe and 
the United States generally suggest that the threshold between what it is normally 
regarded as acceptable noise from a project and what is unacceptable to some is a project 
sound level that falls in a gray area ranging from about 35 to 45 dBA.  Below that range 
the project is so quiet in absolute terms that almost no adverse reaction is usually 
observed and when the mean project sound level exceeds 45 dBA a certain number of 
complaints are almost inevitable.  In view of this, it would be easy to avoid any negative 
impact by simply limiting the sound level from a proposed wind project to 35 dBA at all 
residences, but the reality is that such a stringent noise limit cannot normally be met even 
in sparsely populated areas and it would have the effect of preventing noise impacts by 
making it virtually impossible to permit and build most projects.  In fairness then, any 
noise limit on a new project must try to strike a balance that reasonably protects the 
public from exposure to a legitimate noise nuisance while not completely standing in the 
way of economic development and project viability.  It is important to realize that 
regulatory limits for other power generation and industrial facilities never seek or demand 
inaudibility but rather they endeavor to limit noise from the source to a reasonably 
acceptable level in terms of either an absolute limit or an allowable increase relative to 
the background level. 
 
Based on the observed reaction to typical projects in United States, it would be advisable 
for any new project to attempt to maintain a mean sound level of 40 dBA or less outside 
all residences as an ideal design goal.  Where this is not possible, and even that level is 
frequently difficult to achieve even in sparsely populated areas, a mean sound level of up 
to 45 dBA might be considered acceptable as long as the number of homes within the 40 
to 45 dBA range is relatively small.  Under no circumstances, however, should turbines 
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be located in places where mean levels higher than 45 dBA are predicted by pre-
construction modeling at residences.  It is important to note that a project sound level of 
40 dBA does not mean that the project would be inaudible or completely insignificant, 
only that its noise would generally be low enough that it would probably not be 
considered objectionable by the vast majority of neighbors. 
 
Noise impact assessments for proposed projects can be absolute or relative in nature.  In 
an absolute analysis the sound level contours from the project are plotted over a map of 
the turbine layout and the surrounding potentially sensitive receptors, normally 
permanent residences, and the sound levels are evaluated relative to the 40 and 45 dBA 
criteria discussed above.  A relative assessment involves, as a first step, a field survey of 
the existing soundscape at the site followed by a noise modeling analysis.  The potential 
impact of the project is evaluated in terms of the differential between the existing 
background sound level and the calculated project-only sound level, importantly, under 
identical wind conditions.  As a general rule of thumb, an increase of up to 5 dBA above 
the pre-existing LA90 sound level is usually found to be acceptable whereas greater 
increases should be avoided.  This design approach only holds for background levels of 
about 35 dBA or above.  When lower background sound levels are found a design goal of 
40 dBA or less at all residences should be sought.  
 
Commercially available software packages based on ISO 9613-2 are suggested for noise 
modeling analyses.  Recommended modeling procedures would consist of the following 
steps. 
 

• Begin with a base map showing the turbine locations and all potentially sensitive 
receptors in and around the project area (residences, schools, churches, etc.) 

• Build up the topography of the site in the noise model if the terrain features 
consist of hills and valleys with a total elevation difference of more than about 
100 ft. – otherwise flat terrain can be assumed 

• Locate point sources at the hub height of each turbine (typically 80 m) 
• Use the maximum octave band sound power level spectrum, measured per IEC 

61400-11, for the planned turbine model or the loudest model of those being 
considered 

• Assume a ground absorption coefficient (Ag from ISO 9613-2) appropriate to the 
site area (a moderate value of 0.5 generally works well as an annual average for 
rural farmland) 

• Assume ISO “standard day” temperature and relative humidity values of 10 deg. 
C/70% RH unless the prevailing conditions at the site are substantially and 
consistently different than that 

• Plot the sound contours from the project assuming an omni-directional wind out 
to a level of 35 dBA 

• Evaluate the potential impact of the project at residences relative to the suggested 
40 and 45 dBA thresholds  

 
A relative impact analysis is recommended whenever unusually high or low background 
levels are suspected at a site, the project is large or controversial, or when there is simply 
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a desire to carry out a thorough analysis.  The baseline field survey of existing 
environmental sound levels should: 
 

• Use 6 to 14 measurement positions depending on the complexity of the site  
• Select positions at residences (to the extent possible) that are representative of all 

the distinct settings that may be present within the site area, such as sheltered 
valleys, exposed hilltops, wooded areas, near major roadways, remote and 
secluded, etc. 

• Monitor in continuous 10 minute intervals for a period of at least 14 days to 
capture a wide variety of wind and weather conditions 

• Record a number of statistical parameters, giving precedence to the relatively 
conservative LA90 measure 

• Use Type 1 or 2 integrating sound level meters fitted with oversize (7” diameter, 
or greater) windscreens 

• Mount the microphones approximately 1 m above ground level, where feasible, to 
minimize self-induced wind noise 

• Use one or more temporary weather stations at the most open and exposed 
measurement positions to record wind speed at microphone height and other 
parameters, such as rainfall. 

• Apply a correction, if necessary, to the A-weighted sound levels for wind-
induced, self-noise based on the microphone height anemometer readings 

• Evaluate the LA90 results for consistency over the various measurement positions, 
segregating the results for different settings if there are clear and consistent 
differences 

• Normalize the wind speed measured by the highest anemometers on all on-site 
met towers to a standard height of 10 m per Eqn. (7) of IEC 61400-11 

• Correlate the design site-wide or individual setting background levels to the 
normalized wind speed to determine the mean value as a function of wind 
velocity 

• Use the 6 m/s result as the critical design wind speed or determine the site-
specific critical wind speed from a comparison between the turbine sound power 
and background levels 

• Use the mean LA90 background level at the critical wind speed as a baseline for 
evaluating the modeled sound emissions of the project under those same 
conditions 

  
The accurate measurement of noise from an operational project requires a determination 
of the concurrent background sound level present at the time each sample of operational 
noise is measured so that the wind and atmospheric conditions are consistent.  
Background levels measured at a different time and under inevitably different conditions 
are not suitable for use in correcting operational sound measurements. 
 
The objective of an operational survey is to quantify the project-only sound level 
exclusive of background noise, which can easily be comparable to the project level at 
typical set back distances.  Ignoring this background component will normally result in 
an overestimate of the project’s actual sound levels.   
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A methodology is outlined in these guidelines for estimating the simultaneous 
background sound level by monitoring at a number of positions outside of the site area in 
locations and settings that are similar in nature to the on-site positions but remote from all 
turbine noise.  In general, an operational survey to determine the sound emissions 
exclusively due to the project should: 
 

• Use 6 to 10 on-site measurement positions depending on the complexity of the 
site and focused on the residences with maximum exposure to turbine noise 
(irrespective of their participation in the project) 

• Set up 3 to 4 off-site background measurement positions at positions at least 1.5 
miles from the project perimeter in diametrically opposed directions.  These 
positions should be similar in setting and character to the on-site positions but 
removed from any exposure to project noise 

• Monitor in continuous 10 minute intervals for a period of at least 14 days to 
capture a wide variety of wind and weather conditions 

• Record a number of statistical parameters, giving precedence to the LA90 measure 
• Use Type 1 or 2 integrating sound level meters fitted with oversize (7” diameter, 

or greater) windscreens 
• Mount the microphones approximately 1 m above ground level, where feasible, to 

minimize self-induced wind noise 
• Use one or more temporary weather stations at the most open and exposed 

measurement positions to record wind speed at microphone height and other 
parameters, such as rainfall. 

• Apply a correction, if necessary, to the A-weighted sound levels for wind-
induced, self-noise based on the microphone height anemometer readings 

• Evaluate the off-site LA90 results for consistency over the various measurement 
positions, segregating the results for different settings if there are clear and 
consistent differences.  Develop one or more design background levels to be used 
to correct the on-site levels. 

• Subtract the appropriate design background level from the total measured level at 
each on-site receptor to derive the project-only sound level at each receptor 
position 

• Normalize the wind speed measured by the highest anemometers on all on-site 
met towers to a standard height of 10 m per Eqn. (7) of IEC 61400-11 

• Plot the derived project-only sound levels as a function of time or wind speed. 
• Exclude all data points measured during calm conditions when the project was not 

operating 
• Exclude all data points that appear to be associated with local contaminating 

noises; i.e. noise spikes, usually occurring at only one position, that are not 
accompanied by a simultaneous spike in wind speed 

• Evaluate the final results with respect to the applicable design goal or ordinance 
limit.  If the measured levels are lower than the design target at least 95% of the 
time the project can be considered in compliance.  
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2.0  Characteristics of Wind Turbine Noise 
  
The magnitude and nature of wind turbine noise is entirely dependent on time-varying 
wind and atmospheric conditions, whereas a conventional fossil-fueled power station 
operates, often continuously and steadily, in a manner that is completely independent of 
the local environment.  Consequently, a combustion turbine plant, for example, is most 
apt to be perceptible and a potential noise problem during calm and still weather 
conditions while a wind turbine project would, under most normal circumstances, not 
make any noise at all under those same conditions.  During moderately windy conditions 
increased background noise would tend to diminish the perceptibility of the fossil fueled 
plant while the wind project would generally be at its loudest relative to the background 
level.  At very high wind speeds background noise often becomes dominant to the extent 
it can obscure both sources.   
 
In addition to simply being dependent on prevailing wind and atmospheric conditions, 
wind turbine noise usually has a distinctive, identifiable character to it that makes it more 
readily perceptible than other industrial sources of comparable magnitude6, ,7 8.  The 
fundamental noise generation mechanism, the turbulent interaction of airflow over the 
moving blades, is dependent on the characteristics of the air mass flowing into the rotor 
plane.  For example, when the airflow is fairly constant and steady in velocity over the 
swept area noise is generally at a minimum.  While such ideal, laminar flow conditions 
may exist much of the time, particularly during the day, they do not occur all of the time, 
and the reality is that the wind often blows in the form of intermittent gusts separated by 
short periods of relative calm rather than as a smooth continuous stream of constant 
velocity.  In addition, the flow may contain turbulent eddies, may be unstable in direction 
and the mean velocity may vary considerably over the vertical diameter of the rotor, 
which is typically in the 77 to 112 m (250 to 370 ft.) range on the utility scale turbines 
now in common use.  These uneven and unstable airflow conditions generally cause more 
noise to be generated - and it is generated sporadically as each gust sweeps past and as 
the wind varies amorphously in speed or direction over the rotor plane.  Such unstable 
conditions can lead to sound levels that change very noticeably in the short-term not only 
in general volume but also in character.   
 
Qualitatively, under average circumstances rotor noise, as perceived at a common set 
back distance of around 400 m (1200 ft.), might be described as a churning, mildly 
periodic sound due to blade swish, particularly when there are several units at comparable 
distances from the point of observation.  The normally non-synchronized and incoherent 
sounds from multiple units tend to blur the sound and minimize the perception of swish, 
although it is most commonly weak during “normal” circumstances even if only one unit 
is present.  Another common description is that the noise is reminiscent of a plane flying 
over at fairly high altitude.  This apt comparison is probably partly due to the basic 
similarity in frequency content of the two sounds but also to the phenomenon where the 
sound can fade in and out randomly.  In the case of an actual plane it is the intervening 
non-homogeneous atmosphere that alternately enhances or hinders sound propagation 
from the distant source producing this effect while, in the case of the wind turbine, it is 
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more likely to be short-term variations in noise generation at the source itself, or a 
combination of both source and path effects.   
 
A pure path effect that occasionally occurs is the enhanced propagation of turbine noise 
due to thermal layering, known as a stable atmosphere, where the air is warmer above the 
surface than at the surface causing sound rays to diffract downward and making a distant 
sound louder than it would otherwise be.  At night, this phenomenon, most likely in 
combination with the wind speed gradient, is most likely to lead to an increase in periodic 
noise (generally referred to as amplitude modulation, or AM)9,10.  The exact mechanism 
behind this noise, particularly when it becomes unusually pronounced, is not entirely 
understood, but, in simple terms, it is thought to be caused when the wind speed at the top 
of the rotor is significantly higher than the wind speed at the bottom; i.e. when the 
vertical wind speed gradient is more slanted and less vertical, as is usually the case at 
night.  Having said that, however, this phenomenon is not always present or particularly 
pronounced at all sites, but when of sufficient magnitude, the fairly pronounced swishing 
or thumping sound that can result on certain evenings can and does give rise to quite 
legitimate complaints.  In fact, this is probably the primary cause of serious complaints 
about wind project noise.  In general, the occurrence of this phenomenon in its 
pronounced or enhanced form is rather rare making detailed measurements difficult11 but 
a major effort(ibid) is currently underway in the United Kingdom seeking to quantify and 
further understand this noise.  
 
2.1  Low Frequency Noise and C-weighted Sound Levels 
 
When the swishing, thumping or beating noise alluded to above does occurs it is usually 
at a rate of about once per second, or 1 Hz, which is the blade passing frequency of a 
typical three-bladed rotor turning at 20 rpm.  Although the “frequency” of its occurrence 
at 1 Hz obviously falls at the very low end of the frequency spectrum, this noise is not 
“low frequency” or infrasonic noise, per se.  It is simply a periodic noise where the actual 
frequency spectrum may contain some slightly elevated levels in the lower frequencies 
but where the most prominent noise is roughly centered around 500 Hz near the middle 
of the audible frequency spectrum.  In general, the widespread belief that wind turbines 
produce elevated or even harmful levels of low frequency and infrasonic sound is utterly 
untrue as proven repeatedly and independently by numerous investigators12, , , ,13 14 15 16 and 
probably arose from a confusion between this periodic amplitude modulation noise and 
actual low frequency noise.  Problematic levels of low frequency noise (i.e. those 
resulting in perceptible vibrations and complaints) are most commonly associated with 
simple cycle gas turbines, which produce tremendous energy in the 20 to 50 Hz region of 
the spectrum – vastly more than could ever be produced by a wind turbine.   
 
The mistaken belief that wind turbines produce high levels of low frequency noise can 
also be attributed, perhaps even more definitively, to wind-induced microphone error 
where wind blowing through virtually any windscreen will cause the low end, and only 
the low end, of the frequency spectrum to substantially increase due to self-generated 
distortion.  The magnitude and frequency response of this error has been 
theoretically/mathematically quantified by van den Berg10 and empirically by Hessler17 
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by subjecting a variety of commonly used windscreens to known air speeds in a 
massively silenced wind tunnel – thereby directly measuring the frequency response to 
air flow alone (the specific results of this study and its applications are discussed further 
in Section 5.1).  The results of this wind tunnel experiment were used to evaluate 
measurements of actual wind turbine noise at a site in Southern Minnesota by Hessler in 
200818.  Figure 2.1.1 below shows, as an example, the frequency spectra measured under 
fairly windy conditions in a rural soybean field 1000 ft. from an isolated unit and, at the 
same time, in an identical soybean field 3 miles away from any turbines.   
 

Simultaneous As-Measured L50(10 min) Sound Level Spectra 
1000 ft. from Isolated Turbine and 3 miles from Project 

Unit Operating in 13 m/s Hub Height Wind, 6.1 m/s at Microphone Height
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Figure 2.1.1 

 
The two measurements show the same values in the lowest frequency bands.  Since there 
is clearly no source of low frequency noise present in the background measurement, the 
low frequency levels - in both measurements – simply represent self-generated distortion 
and are not the actual sound emissions of anything.  This can be confirmed from the wind 
tunnel study where the measured frequency spectrum for this particular windscreen (7” 
diameter) subjected to a 6.1 m/s wind is also plotted in Figure 2.1.1a.   
 
What all this shows is that virtually any measurement taken under moderately windy 
conditions will be severely affected by false-signal noise in the lower frequencies, even 

                                                 
a It should be noted that the wind tunnel results quantify the minimum amount of false-signal 
noise measured under more or less laminar flow conditions in the absence of possible further 
distortion from turbulence and atmospheric conditions. 
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when a large windscreen is used as in the example above.  The measurement will appear 
to show high levels of low frequency noise - whether a wind turbine is present or not.      
 
Figure 2.1.1 also illustrates another important point concerning C-weighted sound levels; 
namely, that the C-weighted levels at 1000 ft. and 3 miles are somewhat similar at 67 and 
62 dBC, respectively.  The significance of this is that C-weighted sound levels, as 
opposed to the much more common A-weighted metric, are normally used for the 
specific purpose of quantifying, investigating or placing a limit on noise sources that are 
rich in low frequency noise. The reason for this is that C-weighting does not 
mathematically suppress the low frequencies the way A-weighting does making it highly 
sensitive to and usually dominated by the low frequency content of a sound.  Figure 2.1.2 
shows this graphically for the example measurement at 1000 ft. from a wind turbine.   
 

Typical Sound Level Spectrum 1000 ft. from a Turbine
(Neglecting Microphone Distortion)

As-Measured vs. A and C-weighted Levels
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Figure 2.1.2 

 
The as-measured sound level, warts and all, without any weighting applied is the blue 
trace.  C-weighting reduces the low end of the frequency spectrum by a moderate amount 
whereas A-weighting reduces it substantially.  There is no tangible or physiological 
rationale behind C-weighting but A-weighting serves the very useful purpose of adjusting 
the frequency spectrum of the sound so that it matches the way it is subjectively 
perceived by the human ear, which is relatively insensitive to low frequency sounds.  
Figure 2.1.2 shows that what is actually heard at 1000 ft. from this turbine is mid-
frequency sound from roughly 100 to 2500 Hz – and even if the artificially elevated low 
frequency levels were actually attributable to the turbine nothing would still be audible in 
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the low frequencies (recall that this measurement is unadjusted for low frequency false-
signal noise). 
 
The ultimate point of this discussion is that C-weighted sound levels cannot be measured 
in any kind of meaningful way in the windy conditions associated with turbine operation, 
since they essentially quantify the level of low frequency microphone distortion rather 
than any actual noise.   
 
As another example, the plot below shows the C-weighted sound levels measured over a 
two week period at a residence surrounded by several wind turbines and simultaneously 
by a monitor located miles away from the project area in a similar setting (rural 
Midwestern farm country).  
 

As-Measured LCeq Sound Level at Position 2 
Compared to Average Background Level and Concurrent Wind Speed 
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Figure 2.1.3 

   
In essence, the levels are largely the same at both places and are more a measurement of 
the prevailing wind speed and its effect on the microphone rather than any real source of 
low frequency noise. 
 
Consequently, despite their occasional appearance in local ordinances as an intended way 
of limiting the low frequency noise emissions from wind projects, by either an absolute 
limit or a dBA-dBC differential, C-weighted sound levels have no practical place in the 
measurement of wind turbine sound.   
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3.0  Recommended Design Goals 
  
It would be a trivial solution to set an extremely low sound level of, say, 30 dBA as a 
permissible sound level for a new wind project at potentially sensitive receptors or to 
impose massive set back distances to any residences.  While such restrictions would 
probably ensure that there was no adverse impact whatsoever from the project, the 
effective inaudibility of project noise would be due more to the fact it was never built 
than to its low sound emissions.  Realizing virtual inaudibility or maintaining set backs of 
several thousand feet from all residences is generally an impracticality at all but the most 
remote sites.  In fairness then, any noise limit on a new project must try to strike a 
balance that reasonably protects the public from exposure to a legitimate noise nuisance 
while not completely standing in the way of economic development and project viability.  
It is important to realize that regulatory limits for other power generation and industrial 
facilities never seek or demand inaudibility but rather they endeavor to limit noise from 
the source to a reasonably acceptable level either in terms of an absolute limit (commonly 
45 dBA at night) or a relative increase over the pre-existing environmental sound level 
(typically 5 dBA19). 
 
Research, principally by Pedersen20,21 and Persson-Waye22, on what the reaction is to 
wind turbine sound levels and what levels might be considered acceptable has been on-
going for some time now in Europe.  These studies analyze the responses to blind 
questionnaires distributed to residents living near wind farms in Sweden and The 
Netherlands in an effort to correlate the level of annoyance with noise and other factors 
with the calculated project sound level at each residence.  In general, the results suggest 
among many other important findings that a project sound level in the 40 to 45 dBA 
range can lead to relatively high annoyance rates of around 20 to 25%(ibid); however, it 
important to understand that these numbers refer to the percentage of those with exposure 
to such sound levels and not the entire population in the vicinity of the projects.  Viewed 
within the context of the total survey population the rate of adverse reaction comes down 
to a handful of individuals or very roughly about 4 to 6% when residences are exposed to 
project sound levels in the 40 to 45 dBA range. 
 
A somewhat similar rate of complaints/annoyance expressed as a percentage of the total 
population living within 2000 ft. of a turbine was found by Hessler23 during compliance 
sound testing at a number of typical, newly operational wind projects in the United 
States.  In each survey the total number of residents where complaints or even mild 
concerns about noise had been called in was obtained from project operations and the 
actual sound levels at all of these locations were measured over 2 to 3 week periods.  The 
fundamental results are summarized in the following table. 
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Table 3.0.1  Number of Observed Complaints Relative to the  
Total Number of Households in Close Proximity to Turbines [Hessler, 23] 

Number of Complaints as a 
Function of Project Sound 

Level (dBA) (a) Project 

Total 
Households in 
the Site Area 

(Approx.) < 40 40 - 44 45 or 
Higher 

Total Number of 
Complaints 

Percentage 
Relative to 

Total 
Households 

Site A 107 0 2 1 3 3% 
Site B 147 0 3 3 6 4% 
Site C 151 0 3 0 3 2% 
Site D 268 0 2 4 6 2% 
Site E 91 1 1 4 6 7% 

Overall Average: 4% 
(a)  Sound levels expressed as long-term, mean values 

   
Although the purpose of these surveys was to confirm compliance with regulatory noise 
and not specifically to evaluate community reaction, the findings, taken together with the 
European research mentioned above, suggest that the vast majority of residents living 
within or close to a wind farm have no substantial objections to project noise, particularly 
if the mean sound level is below 40 dBA.  It is important to add that all of the sites 
investigated in these studies were just as prone as any other site to all the adverse 
character issues mentioned above, such as amplitude modulation, stable atmospheric 
conditions, highly variable sound levels and higher nighttime noise levels.  While the 
possibility of annoyance, if not serious disturbance, can almost never be completely ruled 
out, it appears that the total number of complaints would be fairly small as long as the 
mean project level does not exceed 40 dBA.  Above that point, specifically in the 40 to 
45 dBA range, complaints can be expected with some certainty but, as indicated in Table 
3.0.1, still at a fairly low rate of about 2% relative to the total population in close 
proximity to the project.     
 
Consequently, it would be advisable for any new project to attempt to maintain a mean 
sound level of 40 dBA or less outside all residences as an ideal design goal.  Where this 
is not possible, and it frequently is difficult to achieve even in sparsely populated areas, 
sound levels of up to 45 dBA might be considered acceptable as long as the number of 
homes within the 40 to 45 dBA range is relatively small.  Under no circumstances, 
however, should turbines be located in places where mean levels higher than 45 dBA are 
predicted by pre-construction modeling at residences.  A project sound level of 40 dBA 
does not mean that the project would be inaudible or completely insignificant, only that 
its noise would generally be low enough that it would probably not be considered 
objectionable by the vast majority of neighbors based on the actual reaction to other 
projects. 
 
It is important to note that the sound levels in Table 3.0.1 and the suggested sound level 
targets discussed above are mean, long-term values and not instantaneous maxima.  Wind 
turbine sound levels naturally vary above and below their mean or average value due to 
wind and atmospheric conditions and can significantly exceed the mean value at times.  
Extensive field experience measuring operational projects indicates that sound levels 
commonly fluctuate by roughly +/- 5 dBA about the mean trend line and that short-lived 
(10 to 20 minute) spikes on the order of 15 to 20 dBA above the mean are occasionally 
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observed when atmospheric conditions strongly favor the generation and propagation of 
noise.  Because no project can be designed so that all such spikes would remain below 
the 40 or 45 dBA targets at all times, these values are expressed as long-term mean 
levels, or the central trend through data collected over a period of several weeks.  
 
 
4.0  Noise Impact Assessments 
  
4.1 Noise Modeling 
 
The principal mechanism for evaluating the potential impact of a proposed wind project 
is to analytically model its noise emissions.  A sound level contour map showing the 
expected sound emissions from the project relative to all the residences in the area is 
essentially a graphic illustration of the potential impact.  It follows from the preceding 
discussion of ideal design goals that predicted levels below 40 dBA at residences can be 
associated with a relatively low adverse impact, while higher levels, particularly those 
higher then 45 dBA, suggest a relatively high probability of serious complaints. 
 
Because there are few options to reduce noise from a project once it becomes operational, 
any necessary noise abatement must essentially be designed into the project while it is 
still in the planning stage.  Computer modeling allows the potential noise impact to be 
visualized but, importantly, also allows mitigation options to be explored, since the 
effects of relocating or removing individual turbines or using alternate turbine models can 
be easily evaluated.  Such optimization studies are best performed early in the 
development process while there is still some flexibility to move things around.  This 
process can be repeated iteratively as the design develops and lease and easement 
agreements evolve to help keep community noise levels as low as possible within the 
context, of course, of many other constraints. 
 
4.1.1  Acceptable Sound Propagation Standards      
 
Wind turbine noise is actually rather simple to model because the project consists of more 
or less ideal point sources located high in the air.  Consequently, the dominant sound 
propagation factor is simply spherical wave spreading with distance, which is an 
axiomatic law of physics that is built into every modeling software package.  All other 
effects, such as ground or air absorption, are minor subtleties by comparison so great 
sophistication in modeling software is not required.  In fact, all that is really necessary is 
to calculate sound propagation from the project using ISO 9613-2 Acoustics – 
Attenuation of sound during propagation outdoors. Part 2: General method of 
calculation (1996)24, which is, by far, the prevailing and most widely accepted worldwide 
standard for such calculations and the basis for essentially every commercial noise 
modeling program.   
 
Like the other test standards alluded to in the introduction, ISO 9613-2 was not written 
with wind turbines in mind and its applicability to elevated sources (usually 80 m) and 
long propagation distances is occasionally questioned.  Table 5 in the standard gives the 
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estimated accuracy of the method for noise sources up to 30 m high and for propagation 
distances up to 1000 m.  This 30 m height figure is sometimes interpreted to mean that 
the standard cannot be used for 80 m high sources, but it is just that no specific accuracy 
estimate is given for such cases, not that the standard is inappropriate.  As mentioned 
earlier, the principal sound propagation loss in wind turbine modeling is simple 
geometric spreading of the sound wave, which is a phenomenon that has no dependence 
on the specific point of origin or its height above ground level.   
 
Source height is a factor, however, in the relatively minor ground absorption loss (i.e. the 
tendency of the ground surface to variously absorb or reflect sound waves) but 
measurements of actual wind turbine sound levels vs. predictions show reasonably good 
agreement indicating that the calculation of the ground absorption loss and, indeed, the 
entire methodology, is perfectly valid for wind turbines. 
 
Having said that, it should be noted that ISO 9613-2 does not consider atmospheric 
conditions, such as the wind and temperature gradients, stability, turbulence, etc., and 
was always intended to portray very long-term or average propagation conditions under 
slightly conservative downwind conditions.  Consequently, the model results using this 
standard need to be interpreted as the expected sound level under “average” conditions, 
meaning that the actual sound level will be close to the prediction much of the time but 
higher and lower levels will occur with about equal regularity due to fluctuating 
atmospheric conditions, which affect both the generation and propagation of wind turbine 
noise.  The plot below shows a typical comparison between the measured project-only 
sound levels over a two week period compared to predictions at various wind speeds.  
The model predictions tend to agree with the central trend line.  The scatter evident in 
this chart is normal and inevitable and reflects the natural variability of wind turbine 
sound levels as observed at a distant point.        
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Regression Analysis of Measured Project-Only Sound Level 
vs. Normalized Wind Speed

Location Surrounded by 11 GE 1.5sle Turbines at Various Distances 

y = -0.1481x3 + 2.012x2 - 5.4756x + 35.702
R2 = 0.4643
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Figure 4.0.1 

 
It should be pointed out that there is an alternative prediction methodology to ISO 9613-2 
that takes atmospheric conditions into account: NORD200025, which is a proprietary 
software package that has been in development in Denmark for quite some time.  
However, it is rather complicated and is not in wide use partially because it has not been 
integrated or fully integrated into the most commonly used modeling programs.  This 
sound emissions model is based on the fundamental mathematics of wave propagation 
rather than the empirical studies that form the basis for most of the propagation losses in 
ISO 9613-2, but despite its sophistication it does not seem to yield substantially better 
results than ISO 9613-226.  As exemplified by Figure 4.0.1, there is no reason why the 
more common and simpler ISO 9613-2 methodology should not be used.  
 
4.1.2  Modeling Software      
 
In theory, then, any program based on ISO 9613-2 can ostensibly be used to model wind 
turbines but there is more to it than the calculation of sound propagation losses.  What 
emerges as the key differentiation between programs is basically how well and easily the 
site plan can be imported into the program and the quality and nature of the program’s 
output. 
 
Typical wind projects consist of dozens of units either spread out over many square miles 
in flat or rolling country or strung out along ridgelines.  At the first type of site the 
turbines are frequently mixed in with potentially sensitive receptors (typically permanent 
residences) that can easily number into the hundreds.  With ridgeline projects the nearest 
receptors are usually all around the base of the mountain or promontory on which the 
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turbines are proposed and the effective project area (i.e. the region where residences exist 
within possible earshot of the project) can be vast.  Consequently, it is best, if not 
essential, to use a modeling program that allows for the reasonably easy importation and 
scaling of a site map that shows not only the turbine locations but also all of the 
surrounding potentially sensitive receptors.  Such a map is normally in shapefile (.shp) 
format with a layer for the turbines, a layer for structures (unfortunately not often 
differentiated into houses, barns, garages, commercial buildings, etc.) and layers for other 
features such as roads or topography.  While nominally possible, it is not normally 
desirable to use only numerical tables of turbine coordinates to create the model for the 
principal reasons that a separate base map needs to be found and imported and different 
coordinate systems can become confused.  In addition, publically available maps (used as 
a base map for the model) almost never show, or at least accurately show, all the 
residences in the vicinity of the project. 
 
In addition to the turbines and houses the topography of the site often needs to be 
considered in the model – not only because of the line sight between the turbines and 
houses may be partially blocked or obstructed, but more generally because the source-
receptor distance at sites with fairly dramatic terrain is affected and usually lengthened 
when modeled in three-dimensions.  Consequently, a program that has the ability to 
import terrain contours and then mathematically consider their effect on sound 
propagation is essential for any project in a hilly or mountainous setting.  This factor can 
only be safely ignored for sites with fairly flat or gently rolling topography. 
 
In terms of output the most important element is the ability of the program to map sound 
contours in high resolution over the input base map.  The potential impact from any wind 
project is normally graphically evaluated from contour plots.  It is the number of houses 
within a certain threshold or sound level that usually determines whether the project is 
likely to result in complaints or not or whether it will comply with regulatory noise limits. 
 
In terms of specific programs, Cadna/A® developed by Datakustik GmbH (Munich, 
Germany), appears to be used most often by engineers and consultants and is fully 
capable of importing shapefiles, modeling complex terrain and producing detailed 
contour maps. 
 
The second most common noise prediction program is the sound emissions component of 
the WindPRO® software package (EMD International A/S, Denmark), which is a 
generalized siting tool for wind farms.  The noise prediction module is only one aspect of 
the much larger program. 
 
SoundPLAN® (Braustein & Berndt GmbH, Backnang, Germany), is evidently similar in 
capability to Cadna/A® but, for reasons that are unclear, is not often used for wind turbine 
analyses despite its apparent capability to integrate the NORD2000 algorithm as an 
optional calculation methodology. 
 
One other program, WindFarm® (ReSoft Ltd, U.K.), is another general project design 
package of which the noise component is only a small part. 
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Any one of these programs would be generally acceptable for modeling the noise from a 
new project.   
 
4.1.3  Model Inputs 
 
In contrast to models of acoustically complex fossil fueled power plants that consist of 
dozens of major sources, the sound levels of which often need to be estimated, the input 
to a wind turbine project model is a single sound power level spectrum that is known with 
considerable accuracy.  Turbine sound power levels are tested in accordance with IEC 
61400-115, in which highly specialized and meticulous techniques are used to derive the 
sound power level of a wind turbine over a range of wind speeds from 6 to 10 m/s 
(as measured at 10 m above ground)b.  The best input to use for any model is the 
maximum octave band sound power level frequency spectrum taken directly from a field 
test report. 
 
Although such reports are sometimes made available by manufacturers, it is more 
common for the acoustical performance to be reported second-hand (based on either an 
IEC 61400-11 test or analytical calculations) in a technical specification document 
published by the manufacturer.  The reported sound levels may or may not contain an 
explicit design margin and/or may be stated as warranted sound levels.  While input 
sound levels that have been artificially inflated would tend to needlessly overstate the 
potential impact of a project, there often isn’t any alternative to using whatever 
performance the manufacturer decides to publish.  Whatever the source of the data is, it 
should be clearly stated in the impact assessment report.   
 
4.1.4  Modeling Methodology 
 
Recommended procedures for modeling wind turbine project noise are as follows: 
 

• Begin with a base map showing the turbine locations and all potentially sensitive 
receptors in and around the project area (residences, schools, churches, etc.) 

• Build up the topography of the site in the noise model if the terrain features 
consist of hills and valleys with a total elevation difference of more than about 
100 ft. – otherwise flat terrain can be assumed 

• Locate point sources at the hub height of each turbine (typically 80 m) 
• Use the maximum octave band sound power level spectrum for the planned 

turbine model or the loudest model of those being considered 
• Assume a ground absorption coefficient (Ag from ISO 9613-2) appropriate to the 

site area (a moderate value of 0.5 generally works well as an annual average for 
rural farmland, although higher values specifically for farm fields during summer 
conditions may be appropriate.  A value of 0 (100% reflective ground) is likely to 
produce highly conservative results) 

                                                 
b In its current edition (2.1).  A revision to this standard has been in development for some time that would 
expand this wind speed range and add a number of other refinements (and complexities) to the test 
procedure.  It is unclear whether this new edition will ever actually be adopted. 
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• Assume ISO “standard day” temperature and relative humidity values of 10 deg. 
C/70% RH unless the prevailing conditions at the site are substantially and 
consistently different than that 

• Plot the sound contours from the project assuming an omni-directional wind out 
to a level of 35 dBA (shading the area between each 5 dBA gradation with a 
different color often greatly improves legibility) 

 
The assumption of an omni-directional wind means that the sound power level of the 
turbine, which is measured in the IEC 61400-11 procedure downwind of the unit, is 
modeled as radiating with equal strength in all directions; i.e. the sound level in every 
direction is the downwind sound level.  Although this may seem be depict an unrealistic 
situation and over-predict upwind sound levels, the fact of the matter is that this approach 
generally results in predictions that are consistent with measurements irrespective of the 
where the receptor point is located.  Although somewhat counterintuitive, the reason for 
this is that wind turbine noise under most normal circumstances is not particularly 
directional and generally radiates uniformly in all directions.  As an example, the plot 
below shows the sound levels measured in three directions 1000 ft. from a typical unit in 
a rural project in Southern Minnesota.  Although there are periods when the levels differ, 
implying some directionality, the majority of the time all three sound levels are generally 
about same irrespective of the wind direction.  Moreover, the sound level at the 
downwind position is almost never elevated relative to other directions as one might 
expect. 
 
 

 18 
 

006422

ADMINISTRATIVE RECORD Page 157 of 285

- Page 1596 -



 

Sound Levels - LA90(10 min) - at All Three 1000 ft. Monitoring Positions 
vs. Wind Speed at Hub Height and Wind Direction
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Figure 4.1.4.1  Sound levels at 1000 ft. from a Typical Unit in Three Directions 

 
 
4.1.5  Interpretation of Model Results 
 
An example plot for a hypothetical project, prepared using Cadna/A® and the procedures 
outlined in Section 4.1.4, is shown in Figure 4.1.5.1.  In this instance, the units are 
located on a fairly prominent ridgeline and the topography has been recreated in the 
model. 
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Figure 4.1.5.1  Noise Model Plot – Example A 

 
Based on the plot, the potential noise impact from this project can be characterized as 
being fairly mild in the sense that nearly all of the residences in the vicinity of the project 
are expected to see a mean sound level of 40 dBA or, in most cases, less.  The few houses 
that are nominally above 40 dBA are only marginally above that threshold and none are 
close to the 45 dBA absolute upper limit.  The green region between 40 and 35 dBA 
generally represents the area where in all likelihood project noise would still be readily 
audible some of the time, if not much of the time, but at a fairly low magnitude.  The 
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audibility of and reaction to sound levels in this range would be somewhat dependent on 
the level of natural background sound in the area, since environmental sound levels in 
rural areas are commonly in the mid to high 30’s dBA during the moderate wind 
conditions necessary for the project to operate – or, in other words, the background sound 
level could be roughly equivalent to the project sound level limiting its perceptibility.  
Below 35 dBA project noise generally becomes so low that it is only rarely considered 
objectionable even in extremely low noise environments.  Complete inaudibility does not 
occur for quite some distance from most projects in quiet areas because of the distinctive, 
periodic nature of wind turbine noise.  The actual distance to the point of inaudibility 
varies amorphously with atmospheric conditions and is generally much further at night 
than during the day.  Consequently, the exact reaction to any project can never be 
predicted with certainty because project noise is often audible to some extent, at least 
intermittently, far from the project.  However, the studies of response to wind turbine 
noise discussed in Section 3.0 suggest that the threshold between a mild or acceptable 
impact and a fairly significant adverse reaction is a gray area centered at 40 dBA. 
 
An additional sound contour plot is shown in Figure 4.1.5.2 representing another 
hypothetical but typical project, this time in essentially flat Midwestern farm country.   
 

 
Figure 4.1.5.2  Noise Model Plot – Example B 
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In contrast to Example A, there are many homes inside of the 40 dBA sound contour in 
this scenario and even a few above 45 dBA, which is a common occurrence.  One would 
have to conclude that at least a few complaints about noise would arise from this project 
if it were to proceed to completion in this configuration.  The population density is such 
at this site that an optimization study should be undertaken to evaluate the feasibility of 
removing and relocating turbines outside of the present site area so that sound levels are 
substantially reduced at the homes with predicted levels of above 45 dBA and so that the 
number of residences above 40 dBA is dramatically diminished.        
 
4.2 Pre-Construction Background Sound Surveys 
 
Noise impacts can be evaluated in both absolute and relative terms.  In the discussion 
immediately above the reaction to the example projects was estimated directly from the 
predicted project sound levels, neglecting background noise or essentially assuming a 
rural setting with generally quiet background sound levels.  However, not all sites are the 
same and it is often prudent to perform a survey of existing conditions to establish just 
what the baseline sound levels are at residences in the proposed project area.  In general, 
the audibility of, and potential impact from, any project is a function of how much, if at 
all, its noise exceeds the prevailing background level.  A comparison between the 
predicted/modeled sound level from a proposed project and the actual background sound 
level measured in the project area under comparable wind and weather conditions gives a 
site-specific indication of the potential relative impact from the project.  
 
Such a survey is not essential in all cases but is recommended when: 
 

• Unusually high background levels are suspected (e.g. due to the proximity of a 
major highway, urban areas or existing industrial facilities) 

• Unusually low background levels are suspected 
• The project is unusually large or controversial 
• There is simply a desire to carry out a complete and thorough assessment  

 
4.3 Recommended Field Survey Methodology 
 
The objective of a pre-construction survey is to establish what levels of environmental 
sound are currently being experienced at typical residences within the general project 
area in order to form a baseline against which the predicted sound emissions from the 
project can be compared.  There is no need, nor would it be practical, to measure at every 
house.  The idea is to get a set of samples that can be considered representative of the 
overall site area.  In rural areas away from significant sources of man-made noise, it is 
common to find that the sound levels at all positions are generally similar indicating that 
background sound levels are for all intents and purposes uniform throughout the site area. 
 
Contrary to popular belief, such a survey is not useful for the purpose of establishing the 
pre-existing environmental sound level as a baseline against which to compare the 
measured sound emissions from the completed project.  The background sound level 
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varies dramatically with time, typically over a dynamic range of 30 dBA or more, 
depending not only on the wind speed but many other factors, such as the prevailing 
atmospheric conditions, the time of day, season of the year, etc., so the level measured 
one or two years earlier cannot be taken to accurately represent the background level 
present during an operational compliance test.  In fact, the only valid background level is 
the background level occurring, literally, at the same time that the operational sound level 
is measured.  A methodology for overcoming this seeming impossibility is discussed later 
in Section 5.1.   
 
4.3.1  Measurement Positions 
 
Specific monitoring positions should ideally be located at or near typical residences in the 
site area.  It is the sound level where people actually are most of the time and especially 
at night that is of primary importance (rather than at property lines, for instance).  
Permission to set up equipment on private property is usually freely granted upon request. 
 
If a site is largely flat and homogenous in nature (e.g. rural farmland away from any 
major highways, urban areas or industry) monitor positions should be selected at points 
that are more or less evenly distributed over the project area.  In such simple cases, 6 to 8 
monitoring positions are usually more than sufficient even if the project area is fairly 
large. 
 
For more complex sites, where the topography is significant or where man-made noise 
sources already exist, more monitoring positions will generally be required with the 
objective of capturing sound levels at residences in each kind of setting.  A “setting” is 
defined as an area where the prevailing environmental sound level is suspected of 
differing significantly from other parts of the project area.  For example, houses in the 
bottom of ravines or valleys may experience different ambient sound levels than nearby 
houses on exposed hilltops.  Monitors should be located at positions representative of 
both of these settings.  Another type of unique setting might be at homes that are located 
directly on a major road or highway or in an urban area versus others in the project area 
that are in remote areas.  In some cases, a wind farm already exists adjacent to the area 
where a new project is proposed.  Measurements should be made at homes that have 
maximum exposure to the sound emissions from the operating turbines for comparison to 
measurements at residences that are remote from the existing project.  The total number 
of monitoring positions is generally limited by equipment availability and logistical 
concerns but no more than about 12 to 14 positions are normally required, even for the 
most complex sites. 
 
4.3.2  Survey Duration and Scheduling 
 
Short duration spot samples are insufficient to capture environmental sound levels over 
the variety of wind and atmospheric conditions that are relevant to project operation.  For 
example, a brief sample on a calm, quiet night is meaningless in the sense that it does not 
represent the background sound level that will exist on a continuous basis or during the 
moderately windy conditions necessary for the project to generate noise.  In fact, 
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background sound levels in the rural areas where wind projects are most commonly sited 
are remarkable for their variability and substantial dependency on wind speed.  It is the 
background sound level that occurs when it is moderately windy that is actually of 
interest for comparison to project sound emissions.  In the very typical example below, 
the background sound level measured at four positions widely distributed over a proposed 
wind project site in the Midwest can be seen to parallel the concurrent wind speed and, 
moreover, to vary dramatically from 17 dBA during calm conditions to 54 dBA during 
windy conditions. 
 

Pre-Construction Background Sound Levels, LA90(10 min), at All Four 
On-Site Monitoring Stations Compared to Wind Speed at 10 m
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Figure 4.3.2.1 

 
Consequently, a long-term, continuous monitoring approach is needed in which multiple 
instruments are set up at key locations and programmed to run day and night for a period 
of about two weeks or more.  In essence, it is necessary to cast a wide net in order to 
capture sound levels during a variety of wind and atmospheric conditions and provide 
sufficient data so that the relationship between background noise and wind speed can be 
quantitatively evaluated. 
   
Field experience suggests that an adequate range of wind speeds, from 0 to 10 m/s at 10 
m above ground level, will usually be observed over any given 14 day period at most 
wind energy project sites, except perhaps during the low wind season at sites that might 
have very pronounced seasonal wind characteristics.  Probably the principal reason for 
this observation is that this length of time is large relative to the time normally taken for 
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weather patterns, wind directions and general atmospheric conditions to change, which 
essentially ensures that the data are statistically independent, as discussed in great detail 
in ANSI S12.9-1992/Part 227.  Data independence implies that the test results can be 
taken to represent the longer-term acoustic situation for that area, at least for the general 
time of year of the test.  However, if a review of the weather conditions that occurred 
during the survey period shows that the winds were unusually calm or if an insufficient 
number of data points were collected at the higher wind speeds, the survey may need to 
be extended for another two weeks.  Low wind conditions are most commonly captured 
and the vast majority of the measurements will be for conditions below or just above the 
cut-in wind speed.  High winds normally occur intermittently over a few hours or a few 
days separated by sometimes lengthy periods of relatively calm conditions.  It may sound 
counterintuitive, but it is not critical to capture extremely high wind conditions, say 
higher than about 12 m/s at 10 m, since most complaints and issues with wind turbine 
noise occur during moderate or even light wind conditions, while background noise tends 
to predominate under very windy conditions. 
 
As a practical matter, the instruments for such a survey are set up, started and left to run 
unattended for the nominal two-week test period following which they can be retrieved 
and downloaded.  Of course, one could stay on site through the test making additional 
intermittent manned measurements and observations but the very high cost of such an 
effort would be difficult to justify, particularly since it would not necessarily guarantee a 
better or more definitive result than could be derived from the monitor data alone.   
 
In terms of scheduling, it is highly preferable to conduct this type of survey during cool 
season, or wintertime, conditions to eliminate or at least minimize possible contaminating 
noise from summertime insects, frogs and birds.  In addition, it is best for deciduous trees 
to be leafless at sites where they are present in quantity to avoid elevated sound levels 
that might not be representative of the minimum annual level.  Human activity, such as 
from farm machinery or lawn care, is also normally lower during the winter.  While 
summertime surveys can be successful they should, as a general rule, be avoided 
wherever possible because nocturnal insect noise, for instance, can easily contaminate the 
data and make it impossible to quantify the relationship between sound levels and wind 
speed.   
 
In addition to seasonal concerns, it is desirable, when practical, to attempt to schedule the 
survey set up to just precede a predicted period of moderate or high winds.  This not only 
ensures that the survey period will capture these winds but also creates an opportunity for 
manned observations and measurements to be made for a day or two to augment to the 
longer term monitoring survey.   
 
4.3.3  Instrumentation and Test Set-up 
 
As with any field sound survey, what equipment is used and how it is deployed must 
adhere to certain minimum technical standards.  These requirements are generally 
described in numerous standards, such as ANSI S12.9-1992/Part 227; however, the focus 
of this section is not to repeat and belabor those details but rather to point up what 
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adaptations need to be made for the specific application of performing general site-wide 
surveys for wind turbine projects.  As mentioned earlier, no standard exists that can be 
directly used for this purpose, if only because they limit data collection to low wind 
conditions. 
 
In terms of instrumentation, most environmental sound measurement standards 
recommend the use of Type 1 precision equipment per IEC 61672-128 or ANSI S1.43-
199729 while also allowing for the use of Type 2 equipment.  There is certainly no reason 
on technical grounds to oppose this recommendation but, from a practical perspective, it 
is often necessary to use Type 2 equipment for surveys of this type because of the large 
number of instruments needed.  The normally negligible difference in technical 
performance between these two instrument classes is totally inconsequential within the 
inherently and unavoidably imprecise nature of this type of survey.  It is much more 
important that the equipment is durable, reliable and specifically designed for extended 
use in the outdoors.  Delicate and expensive Type 1 precision grade equipment can be 
unreliable in such applications or even unable to be programmed as a data logger. 
 
Although high cost and extreme precision are not essential, the functional capabilities to 
statistically integrate sound levels over a user defined time period and automatically store 
the results are necessary.  Because the on-site wind and weather monitoring towers, or 
met towers, normally integrate and store measurements in 10 minute increments it is 
convenient, if not necessary, to measure and store sound data in synchronization with the 
wind data collected by these towers for later correlation.  It is evidently universal practice 
for met towers to store data 6 times an hour in 10 minute intervals that begin at the top of 
the hour; as in 9:00, 9:10, 9:20, etc.  Consequently, sound data logging should be started 
using a trigger function to begin at the top of an hour and not randomly by the manual 
push of the start button.  The timers on all instruments should be exactly synchronized to 
local time.  Of course, all of the instruments must be field calibrated at the beginning of 
the survey and checked again for drift at the end of the survey.     
 
Because this long-term survey approach involves unattended monitoring, the instrument 
and the microphone must be capable of withstanding damage, interference or outright 
destruction from rain and snow, which, among other things, means that the ground plate 
technique specified in IEC 61400-11 – where the microphone is laid flat in the center of a 
board on the ground and covered with one or more hemispherical windscreens – is not a 
viable option, despite its otherwise highly desirable advantage of minimizing wind-
induced pseudo noise.  Consequently, the microphone must be mounted above ground 
level and protected from wind-induced distortion by a spherical weather-treated 
windscreen, which normally entails a higher density foam that is hydrophobically treated 
to shed water (windscreens and wind-induced noise are discussed in detail later).  As a 
general rule, a slightly lower than normal microphone height of about 1 m above ground 
level is preferred for this application on the premise that wind speed diminishes 
exponentially with decreasing elevation theoretically going to zero at the surface, or 
boundary layer.  To illustrate this, the nominal wind speed profile, or shear gradient, per 
Eqn. (7) in IEC 61400-11 is illustrated below in Figure 4.3.3.1 for a common turbine 
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operating condition where the wind speed is 6 m/s at the standard elevation of 10 m 
above ground level. 
 

Standardized Wind Speed Profile 
per IEC 61400-11 for a Wind Speed 

of 6 m/s at 10 m
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Figure 4.3.3.1 

 
For these moderate wind conditions, the wind speed at a 1 m microphone height would be 
less than about 3 or 4 m/s, which as shall be seen later, means that distortion from wind 
blowing through the windscreen is of little or no consequence with respect to the A-
weighted sound level so long as an extra large windscreen is used (typically 7” in 
diameter, as a minimum). 
 
In addition to arranging for the microphone to be about 1 m off the ground so that it is not 
adversely affected by precipitation, it is also necessary to keep the instrument itself dry 
and secure in a waterproof case, which is best mounted above the ground on a fencepost, 
utility pole or other support.   
 
While the microphone can be remotely connected to the instrument with a cable and 
independently supported, another option is to use a self-contained system where the 
microphone is attached to the instrument case with a rigid boom to hold the microphone 
away from the box and the entire assembly is mounted 1 m above ground level with a 
strap as shown, for example, in Figure 4.3.3.2.  While there is nothing wrong with 
supporting the microphone separately on a tripod there is a tendency, unique to wind 
turbine survey work, for tripods to blow over, even after being weighted down and/or 
firmly staked to the ground.  The use of temporary metal fence posts to support either the 
microphone alone or the entire system is a more reliable option and is sometimes the only 
option in places where there are no existing supports, such as in open fields. 
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Figure 4.3.3.2  Typical Integrating Sound Monitor  

with 7” Weather-treated Windscreen 
 
In addition to sound level meters it is also advisable to set up at least one temporary 
weather station at the most exposed measurement position in order to measure the wind 
speed at microphone height and other parameters such wind direction and rainfall.  All 
weather data should also be logged in 10 minute increments for later correlation to the 
sound data. 
 
4.3.4  Measurement Quantities 
 
For a background survey of this type the principal quantity of interest is the LA90 
statistical measure, which is the A-weighted sound level exceeded 90% of the 
measurement interval (10 minutes in this case).  What this means is that the sound level is 
higher than the LA90 value most of the time and, conversely, that the LA90 level represents 
the near-minimum sound level for each interval.  It essentially captures the momentary, 
quiet lulls between sporadic noise events, like cars passing by, and, as such, is a 
conservative measure of the environmental sound level.   
 
The average A-weighted sound level, or LAeq, which is the fundamental metric for 
highway noise surveys and the calculation of the Day-Night Average Level, Ldn, is 
unsuitable for wind turbine background surveys in rural areas because this level is 
extremely sensitive to contaminating noise events, such as from occasional traffic, planes 
flying over or dogs barking – things that cannot be relied on to be consistently present 
and available to potentially mask project noise on a permanent basis.  The LA90 measure, 
on the other hand, automatically excludes these events for the most part and essentially 
defines the true “background” noise floor.   
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4.4 Analysis and Interpretation of Results 
 
4.4.1  Data Analysis and Wind Speed Correlation 
 
At the completion of the survey the LA90 sound levels measured at all positions should be 
plotted together to evaluate their consistency and to determine if the levels in different 
settings should be segregated.  For example, if the sound levels at sheltered valley 
locations are consistently lower than measurements on higher ground then the data should 
be analyzed separately to develop typical background levels for each setting.  Somewhat 
surprisingly, the need for this kind of separate treatment is rare and the much more 
common result is for the sound levels at all of the positions to be generally similar in 
magnitude at any given time with each generally following the same temporal trends and 
intertwining with each other.  As a typical example, the as-measured LA90 levels at 7 
positions spread over a fairly large site in Southern Minnesota are shown below. 
 

Overview of As-measured L90(10 min) Sound Levels at All Positions

0

10

20

30

40

50

60

70

3/
17

/1
0 

12
:0

0

3/
18

/1
0 

0:
00

3/
18

/1
0 

12
:0

0

3/
19

/1
0 

0:
00

3/
19

/1
0 

12
:0

0

3/
20

/1
0 

0:
00

3/
20

/1
0 

12
:0

0

3/
21

/1
0 

0:
00

3/
21

/1
0 

12
:0

0

3/
22

/1
0 

0:
00

3/
22

/1
0 

12
:0

0

3/
23

/1
0 

0:
00

3/
23

/1
0 

12
:0

0

3/
24

/1
0 

0:
00

3/
24

/1
0 

12
:0

0

3/
25

/1
0 

0:
00

3/
25

/1
0 

12
:0

0

3/
26

/1
0 

0:
00

3/
26

/1
0 

12
:0

0

3/
27

/1
0 

0:
00

3/
27

/1
0 

12
:0

0

3/
28

/1
0 

0:
00

3/
28

/1
0 

12
:0

0

3/
29

/1
0 

0:
00

3/
29

/1
0 

12
:0

0

3/
30

/1
0 

0:
00

3/
30

/1
0 

12
:0

0

3/
31

/1
0 

0:
00

3/
31

/1
0 

12
:0

0

Date and Time

So
un

d 
Pr

es
su

re
 L

ev
el

, d
B

A

Pos. 1
Pos. 2
Pos. 3
Pos. 4
Pos. 5
Pos. 6
Pos. 7

Local Noise Events to be Discarded

 
Figure 4.4.1.1 

 
All positions follow each other and there is no one position that is consistently higher or 
lower than the others.  Since these positions are miles apart from each other one would 
not expect exact agreement yet the levels are remarkably similar indicating that the 
environmental sound level over the entire site are is more or less uniform (sometimes 
termed a “macro-ambient”).  If obvious contaminating events - those occurring at only 
one position - are discarded (as noted in the figure) the arithmetic average of the 
remaining data points can reasonably be considered the typical sound level over the site 
area.  However, the question becomes:  what is the sound level?  The level varies 
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substantially with time from almost complete silence (17 dBA) to nearly 60 dBA.  The 
background level is obviously not a single number.  The reason for this variation 
becomes clear if the average site-wide sound level is compared to the concurrent wind 
speed (Figure 4.4.1.2). 
 

Design, Site-wide L90(10 min) Sound Level Compared to Concurrent Wind Speed
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Figure 4.4.1.2 

 
Clearly, the sound level in this area is driven by wind-induced sounds; in this case, 
mostly grass or crops rustling.  Consequently, the sound level is almost entirely a 
function of the wind speed occurring at any given moment.  This relationship can be 
quantified by re-plotting the sound levels in Figure 4.4.1.2 as a function of wind speed 
(normalized to a standard height of 10 m per Eqn (7) in IEC 61400-11).  
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Regression Analysis of Measured L90 Sound Level 
vs. Normalized Wind Speed

Overall Survey Period - Day and Night

y = -0.0182x3 + 0.488x2 - 1.0249x + 24.389
R2 = 0.7139
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Figure 4.4.1.3 

 
The central trendline through the data gives the mean LA90 sound level for any particular 
wind speed – at least in terms of the overall survey period. 
 
It is important to point out in this context that, although the wind speed correlated to the 
sound data is the normalized value at the IEC standard elevation of 10 m, the 
measurement is actually taken at the top of the met tower, usually 60 m (197 ft) above 
ground level.  Thus, the wind speed associated with turbine operation (not far below hub 
height) is directly correlated to the sound level measured near ground level; where the 
wind speed may well have been negligible.  In other words, Figure 4.4.1.3 is not showing 
the relationship between the sound level and wind speed at the measurement position, as 
is quite often supposed.   
  
4.4.2  Daytime vs. Nighttime Levels 
 
Since nighttime conditions are of the most relevance with respect to potential disturbance 
from project noise, the data should be broken down into daytime (7 a.m. to 10 p.m.) and 
nighttime (10 p.m. to 7 a.m.) levels to see if it is significantly quieter at night - something 
that is not always particularly apparent in the level vs. time data (Figure 4.4.1.1).  In this 
instance, the nighttime levels (Figure 4.4.1.4) are substantially quieter than during the day 
(Figure 4.4.1.5), particularly, in the vicinity of 6 m/s, which is usually the point where 
wind turbines first start to generate significant noise but the background level is typically 

 31 
 

006435

ADMINISTRATIVE RECORD Page 170 of 285

- Page 1609 -



 

still rather low thereby maximizing the potential audibility of project noise.  In these 
examples, the mean background level for 6 m/s wind conditions during the day is 34 dBA 
while the nighttime level is about 28 dBA.  Both of these levels are extremely quiet, but 
28 dBA is so low that any potential masking from background noise can essentially be 
neglected as insignificant.   
 

Regression Analysis of Nighttime L90 Sound Level vs. Normalized Wind Speed

y = -0.0607x3 + 1.3428x2 - 5.857x + 27.885
R2 = 0.85
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Figure 4.4.1.4 

 

 32 
 

006436

ADMINISTRATIVE RECORD Page 171 of 285

- Page 1610 -



 

Regression Analysis of Daytime L90 Sound Level vs. Normalized Wind Speed

y = -0.0151x3 + 0.3868x2 - 0.1081x + 24.135
R2 = 0.8058
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Figure 4.4.1.5 

 
 
4.4.3  Assessing the Potential Impact 
 
The sound levels measured in this survey, especially at night, indicate this site is an 
extremely quiet rural environment where any masking from wind-induced background 
noise can effectively be disregarded during moderate wind conditions (4 to 7 m/s).  
Under high wind conditions, say around 10 m/s, background noise is in the mid-40’s dBA 
irrespective of time of day and therefore will act to partially obscure project noise, but 
during low wind conditions when the project is operating at low load an adverse impact 
can be expected unless the mean project sound level is kept to a relatively low level at 
residences.  In this instance, it would be advisable to strictly design the project so that all 
residences are predicted to have average sound levels no higher than 40 dBA. 
 
In general, background survey results may be used to establish a very rough impact 
threshold of 5 dBA over the ambient when the nighttime LA90 is about 35 dBA or more 
under what is usually the critical wind speed of 6 m/s.  For example, if the measured level 
is 40 dBA then little adverse reaction might be expected from project levels up to 45 dBA 
(predicted with the project operating during comparable 6 m/s wind conditions).  This 5 
dBA increase metric does not hold for very low background levels (<35 dBA) because 
the background sound level and the project level both become so low as to be 
insignificant in absolute terms.  If the background were 10 dBA, for instance, there would 
be no need to design a project to not exceed 15 dBA – both levels represent almost 
complete silence and are inconsequential.  For low background situations like the 
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example discussed above the outcome of the survey would be to set a firm upper limit of 
40 dBA at residences.  In terms of a potential noise impact, a low background level 
combined with predicted project levels of more than 40 dBA at numerous residences 
would be an undesirable situation likely to lead to complaints. 
 
Although 6 m/s may be assumed in most cases to be the critical wind speed - i.e. the point 
where turbine noise is likely to be loudest relative to the amount of background noise 
available to potentially obscure it – the site-specific critical wind speed may also be 
calculated by comparing the sound power levels of the particular turbine model planned 
for the project with the LA90 background levels actually measured at the site.  The critical 
condition corresponds to the point where the simple differential between these two values 
is maximum, as illustrated in the following example.    
 

Table 4.4.3.1  Comparison of Turbine Sound Power Levels to Measured Background 
Levels to Determine Critical Wind Speed 

Wind Speed  
at 10 m, m/s 

Measured Overall 
L90, dBA 

Turbine Sound 
Power Level,  
dBA re 1 pWc

Differential  
 

4 27 95 68 
5 29 99 69 
6 32 102 70 
7 35 104 69 
8 38 104 66 
9 41 104 63 

10 45 104 59 
11 48 104 56 

 
In this case (based arbitrarily on the data in Figure 4.4.1.3) the maximum differential of 
70 occurs at 6 m/s – meaning that the sound emissions from the turbine are the highest at 
this particular point relative to the background level indicating that project noise would 
theoretically be most audible under these conditions.  Ironically, the maximum audibility 
point does not usually correspond to the wind speed when the turbine first reaches its 
maximum noise emission point (in this example 7 m/s and a sound power level of 104 
dBA re 1 pW). 
 
As a side note, this analysis illustrates one of the reasons why it is beneficial to normalize 
the met tower wind speed data to 10 m; namely, because wind turbine sound power levels 
are expressed as a function of wind speed at 10 m above grade (and not at hub height).  
Consequently, the background sound levels and the turbine sound levels are all compared 
on an equal footing.    
       
                                                 
c  The fundamental unit of sound power is Watts and sound power levels are expressed with 
reference to 1 picoWatt, or 10-12 W.  By convention this reference is explicitly stated to help 
distinguish power levels from pressure levels, which are measured in terms of Pascals.   
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5.0 Measuring Wind Turbine Sound Emissions 
 
5.1  Project-wide Compliance Testing 
  
5.1.1  Historical Approaches 
 
In general, it has been difficult, historically, to devise or settle on a completely 
satisfactory methodology for testing newly completed wind projects for the purpose of 
determining whether or not they are in compliance with permit or regulatory conditions.  
One of the principal stumbling blocks has generally been accounting in some meaningful 
way for background noise, since the total measured sound level at the typically 
substantial distances to residences and, therefore, the point of measurement, commonly 
contains a very prominent background component that cannot be disregarded without 
causing the result to be erroneously high.  It is, of course, the project-only sound level 
and not the total sound level that is limited by regulations.  Consequently, it is the 
project-only sound level that is sought in such surveys.   
 
Existing guidelines and standards that mention the topic of compliance testing at all do 
not lay out or detail test procedures that are entirely satisfactory in this and other respects.  
For example, the often beleaguered30 ETSU-R-97 report The Assessment and Rating of 
Noise from Wind Farms31 published by the Department of Trade and Industry in the U.K. 
addresses the issue of background noise in one sentence, quoted below, by suggesting 
simply that one might want to measure operational turbine noise at night. 
 

To minimize the effects of extraneous noise sources it may be necessary to 
perform these measurements during night-time periods when other human and 
animal activity noise sources are likely to be at a minimum. 

 
This approach, which involves measuring only for a relatively short period of time (20 to 
30 LA90, 10 min samples), is connected with the idea of taking measurements only at, or 
close to, a specific critical wind speed identified from “monitoring”, carried out in an 
unspecified manner, and correlated to logged observations by complainants as to when 
the “noise is most intrusive” (ibid).  In short, the idea is for the test engineer to be 
physically at the location and ready to take measurements when the wind conditions that 
result in maximum noise are occurring - so long as those conditions are happening at 
night on a night when the background sound level is negligible (i.e. roughly 10 dBA or 
more lower in magnitude than the turbine sound level).  As might be imagined, the 
unfortunate reality is that the probability of all these things coming together at the same 
time is miniscule.  In particular, it is typically difficult, for a number of reasons, for a test 
engineer to schedule a site visit to coincide with a particular wind speed or direction. 
 
In general, the notion of being on hand to observe and measure wind turbine noise when 
it is at its loudest may sound reasonable on paper but it is seldom practical to actually do 
it.  
 
Another approach to the issue of background noise that has been used, for example in the 
New Zealand Standard NZS 6808:1998 Acoustics – The assessment and measurement of 
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sound from wind turbine generators32, is to measure the background level at one time, 
say, prior to construction or start-up, and the operational noise from the project at another 
time - and then subtract the two to derive the project-only sound level.  While this is often 
thought of or suggested as a reasonable approach, the problem is that both the 
background and wind turbine sound levels are extremely dependent on circumstances that 
vary significantly with time in both the short and long-term.  The two sounds are highly 
specific not only to the prevailing wind speed at a particular time but also to factors such 
as the stability of the wind (whether it’s gusty or constant in nature, for instance), wind 
direction, shear gradient, thermal gradient, time of day and time of year.  Moreover, the 
background level is also exclusively influenced by foliage (bare trees vs. leafed out trees, 
for example), insects, frogs, distant or nearby traffic, farm equipment and a myriad of 
other human activities that occur sporadically and unpredictably.  Consequently, a 
background sound level measured days, months or years before can’t be used with a 
tremendous amount of confidence to correct a later measurement of operational noise, 
even if both have been normalized to similar wind speed conditions, because so many 
other unquantifiable factors may have had a hand in shaping the final results.  What is 
needed, of course, is the background sound level that would have existed at that particular 
time and at that place if the project had not been operating. 
 
This latter objective can sometimes be essentially realized by using the technique of 
temporarily shutting down, or parking, the nearest turbines to a measurement position, if 
not the entire project.  While this technique has its applications, which will be discussed 
later, it is not usually a practical method that can be used for a general site-wide 
compliance test.  Widespread or complete shutdowns would be required repeatedly over a 
variety of wind speed conditions and times of day to get even a minimally complete set of 
usable background levels. 
 
Thus, there are certain impracticalities associated with the few existing guidelines, 
standards or common practices that deal with the testing of operational noise from wind 
turbine projects.   
  
5.1.2  Test Methodology 
 
The suggested methodology outlined below, which has been developed over time through 
field experience on a variety of wind projects, does not purport to completely solve the 
problems of background noise and capturing the periods of maximum noise, among other 
things, but it has been found to work very well in numerous field applications.  
 
5.1.3  Survey Duration and Scheduling 
 
In order to overcome the problem of being on hand to take short-duration measurements 
when conditions might favor noise generation at the source and/or sound propagation 
from the turbines to typical receptor points, a long-term, continuous monitoring approach 
is needed in which multiple instruments are set up at key locations and programmed to 
run day and night for a period of about two weeks or more.  In essence, it is necessary to 
capture sound levels during a variety of wind and atmospheric conditions; something that 
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is extremely difficult to achieve by taking intermittent manned samples, which amount to 
static snapshots of a dynamic situation.   
 
Field experience suggests that an adequate range of wind speeds, from 0 to 10 m/s at 10 
m above ground level, will usually be observed over any given 14 day period at most 
wind energy project sites, except perhaps during the low wind season at sites that might 
have very pronounced seasonal wind characteristics.   
 
As a practical matter, the instruments for such a survey are set up, started and left to run 
unattended for the nominal two-week test period following which they can be retrieved 
and downloaded.     
 
In terms of scheduling, it is highly preferable to conduct this type of survey during cool 
season, or wintertime, conditions to eliminate or at least minimize possible contaminating 
noise from summertime insects, frogs and birds.  In addition, it is best for deciduous trees 
to be leafless at sites where they are present in quantity to decrease this source of wind-
driven background noise and maximize the signal to noise ratio.  Human activity, such as 
from farm machinery or lawn care, is also normally lower during the winter.  While 
summertime surveys have been successful they should, as a general rule, be avoided 
wherever possible because nocturnal insect noise, for instance, can easily render the 
project sound level indeterminate at some or all of the measurement positions.  If 
measurements are required during the summer, and they often are for reasons of project 
scheduling, high frequency contamination can be analytically factored out by taking the 
measurements in octave or 1/3 octave bands and correcting the spectra, as will be 
discussed later in greater detail.  
 
In addition to seasonal concerns, it is desirable; when practical, to attempt to schedule the 
survey set up to just precede a predicted period of moderate or high winds.  This not only 
ensures that the survey period will capture these winds but also creates an opportunity for 
manned observations and measurements to be made for a day or two to augment to the 
longer term monitoring survey.  There is generally nothing to observe or measure at a 
wind turbine site when the winds are calm, so if one can be on site with the proper 
equipment just before a windy period useful short-term measurements can probably be 
made that can later be viewed within the context of the long-term monitor results for that 
time period. 
 
As an alternative or supplemental approach, another opportunity for these supplemental 
manned observations can sometimes be arranged by coordinating the instrument retrieval 
visit with a predicted windy period.  The specific end date for the survey is usually 
flexible, although instrument battery life is normally the limiting factor.  The principal 
danger in carrying out manned measurements just before the end of a survey, however, is 
that all of the long-term monitors may not still be recording due to power supply issues or 
any number of other lamentable and sometimes comical things, such as tampering, 
weather damage or the removal of the windscreen by livestock.   
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5.1.4  Test Positions 
 
The test positions should be selected to capture data at a number of potentially sensitive 
receptors (usually non-participating and participating residences within or near the site 
area) or other relevant points of interest, where maximum project sound levels might be 
expected either from modeling or a simple inspection of the site plan.  In just about every 
case, it is not practical or even possible to establish a monitoring station at every house in 
the vicinity of a project so it is necessary to carefully select a limited but adequate 
number of sites that are representative of the worst-case exposures at potentially sensitive 
receptors in all relevant settings.  Examples of specific settings would be:  homes in 
sheltered valleys below ridge top turbines; homes on high, open ground with exposure to 
the wind and nearby project turbines; homes in generally flat open country with turbines 
in multiple directions; homes in wooded area; homes on the outer edge of a project area, 
etc.  Because every site is unique the number of monitoring stations required to 
adequately evaluate project noise will vary but the general concepts are to reasonably 
account for different settings, to cover a number of points were maximum project sound 
levels are likely to occur at residences and to cover the entire project area with a 
generally even but somewhat random distribution.  Adding one or two deliberately 
random positions can help increase the statistical independence of the data and avoid 
inadvertent bias.  For sparsely populated sites in open and uniform farm country only 
about 4 or 5 on-site monitors might be needed while at more densely populated sites with 
more complex topography the number of monitoring stations would only be limited by 
the quantity of equipment reasonably available to the test engineer either from in-house 
stock or outside rental.  Realistically, it is seldom possible to gather enough equipment 
for more than about 10 to 14 on-site monitoring points, but that is normally enough.  A 
typical survey at a fairly large project site with numerous residences intermixed with the 
turbines might call for about 10 positions at receptors within the project area. 
 
As mentioned above, the general objective is to capture sound levels throughout the site 
area at key receptors in all distinct settings within the project area.  In addition, it is 
commonly necessary and desirable to establish a measurement position at all homes 
where complaints or concerns about noise have been expressed to the operations staff.  In 
these instances, it is sometimes possible to enlist the help of residents by having them try 
to keep a date and time log of when the noise becomes particularly noticeable or 
unusually loud or when other non-project sounds are present; for example, from lawn 
moving, farm activity, etc.  When this is actually done the comments can provide some 
valuable insights that help explain and identify peaks in the recorded sound levels. 
 
It is often assumed that project noise is of no concern to project participants who were, 
and presumably still are, favorably disposed to the project and are receiving lease 
royalties for units on their land; however, experience at a number of sites suggests that 
this is not always the case largely due to the confluence of two factors:  (1) these 
residences are typically the closest ones to turbines (sometimes only a few hundred feet 
away) and (2) the actual sound levels from these nearby units can turn out to be 
substantially louder than they expected them to be or they were led to believe.  
Consequently, monitoring at the homes of project participants in response to complaints 
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is fairly common – even though participants are often, but not always, technically exempt 
from ordinance or permit noise limits.   
 
It is usually best to start the site selection process a week or two in advance of the actual 
survey by circling proposed measurement areas on a site map or sound contour plot and 
submitting this to operations personnel at the site for their input on who, within or near 
each designated area, might be willing to host a sound monitor at their house and where 
else, outside of these proposed areas, it might be also be desirable to measure (at 
complaint locations, for instance).  The objective of this preparatory review is to obtain 
approval and permission from homeowners to set up equipment on their property prior to 
arrival.  Although it is desirable to inspect the proposed locations and make a judgment as 
to their suitability in person, attempts to arrange for permission on the day of the survey 
are often unsuccessful due to the simple fact that people are not at home and cannot be 
reached.  Calling ahead usually settles the issue before the equipment is shipped to the 
site.  Setting up the equipment in the rear yard of a house where permission has been 
obtained generally ensures that the equipment will still be there upon returning at the end 
of the survey, that the equipment won’t be interfered with and that it can be minimally 
attended to, if necessary (replacing the windscreen after the family dog has run off with 
it, for example).  Positions that are not at anyone’s house, such as on utility poles along 
the public right-of-way, are sometimes necessary to collect data at strategic locations 
without a suitable host, but they do not have any of these advantages and, in fact, the risk 
of theft or tampering is uncomfortably high.  
 
In terms of the specific placement of the monitor at each position, it should be located in 
an area representative of but away from the house, or any other building with large 
reflective surfaces, and that is not prone to frequent activity or contaminating local 
noises, such as from air conditioning units, milking machines at dairy farms or flowing 
streams or rivers.   
 
As a final note on placement, it is best to avoid using fences or posts to mount the 
monitor or microphone in areas where livestock or other domestic animals may be able to 
get at the equipment during the survey.  Microphone windscreens are evidently of keen 
interest to cows, horses and dogs, among others. 
 
5.1.5  Background Noise 
 
On the important issue of background noise, an approach that has worked well in a 
number of field applications is to set up a number of monitoring stations outside of the 
project area in settings similar to those at the on-site monitor positions.  Of course, 
considerable judgment is involved in selecting these positions but in an ideal situation of, 
say, an isolated project in open farm country that is largely uniform in character both 
within and beyond the project area one would want monitors at least 1.5 to 2 miles from 
the perimeter of the project (nearest turbines) in the four cardinal directions.  The 
locations should be far enough away that project noise is negligible and yet close enough 
that they are reasonably representative of the site area.  At the end of the survey the off-
site positions can then be evaluated for consistency.  If the levels are generally similar, 
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and, somewhat surprisingly, this is usually the result, the average can be taken as a time 
history record of the background sound level that probably would have existed within the 
site area and then used to correct the on-site measurements taken, importantly, at the 
same time under identical environmental conditions. 
 
Figure 5.1.5.1 below is an example from a site in the Eastern United States where the 
landscape is rural and generally homogenous in nature within the project area and for 
some distance beyond it in terms of topography (rolling hills), vegetation (a mix of farm 
fields and wooded areas) and population density (farms and residences scattered more or 
less uniformly over the site area).  The 80 or so 1.5 MW turbines are spread throughout a 
roughly 20 sq. mi. project area on numerous parcels of private land and thoroughly 
intermixed with the residences in the area.  Proxy background measurement positions 
were set up about 1.5 miles beyond the perimeter of the turbine array to the northwest, 
east and south of the project (a neighboring wind project to the west prevented 
measurements in that direction) at locations that were similar in character to the various 
settings near on-site residences:  one was on an open and exposed hilltop, another was at 
the edge of a field with nearby trees and a third was essentially in a forested area.  The 
expectation was that there might be a consistent difference between these different 
positions – with the sheltered forest location being quieter than the windy hilltop, for 
instance – in which case background corrections for a particular setting would be applied 
to on-site measurements at positions with comparable settings.  However, as can be seen 
from the figure, the levels at all three locations, each many miles from the others, were 
largely the same at any given time and, perhaps more significantly, no one position is 
consistently higher or lower than the others.  Consequently, the arithmetic average of all 
three, with the site area physically lying between them, can be taken as a reasonably 
reliable estimate of the on-site background level at any particular time that accounts for 
the specific wind speed, direction, time of day and atmospheric conditions prevailing 
during that 10 minute period.  
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Background Sound Level, LA90(10 min), at All Three Off-Site Monitoring Stations 
with Contaminating Noise Events Eliminated - Compared to Wind Speed
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Figure 5.1.5.1  Measured Background Sound Levels at Three Off-Site Proxy Positions 

 
The data in Figure 5.1.5.1 have been edited to remove noise spikes that were observed 
only at one position and not at any others, indicating a contaminating local noise event 
that is not representative of the area as a whole.  Spikes were also deleted (from both the 
on-site and background data) if there were no concurrent spike in wind speed, even if 
they may have occurred at multiple locations, on the premise that the noise was not 
associated with the turbines and may have been due to thunder, rain, a helicopter flyover 
or some other area-wide noise event. 
 
The results shown in the example above are not unique to that site and a similar 
consistency between the off-site proxy location sound levels has been observed at a 
number of other projects in rural areas even though the background monitors are 
deliberately set up in diverse settings.  Fortunately, for the purpose of estimating 
simultaneous background sound levels, most wind projects are located in rural areas but, 
of course, not all of them are and other situations exist.  In urban settings or near major 
highways the background sound is no less important, in fact more so, but its dependence 
on wind and atmospheric conditions is greatly diminished, if not relegated into complete 
insignificance.  In such cases, the proxy background technique is still theoretically viable 
although the selection of background positions that are representative of receptors 
potentially affected by project noise becomes highly specific to the circumstances at each 
receptor.  In the case of a highway, for instance, one might try to find a background 
position that is the same distance from the roadway as the actual point of interest and 
similar in all other ways but far enough from any turbines that they are undetectable.  In 
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this kind of a complicated situation where the background level is more dependent on 
man made noise than natural, wind-induced sounds it may be necessary to perform a pre-
construction survey at the key receptors near turbines and at a number of candidate 
background positions to evaluate the validity of the proxy locations before the project 
turbines become operational.    
 
5.1.6  Sound Test Equipment and Set up 
 
As with any field sound survey, what equipment is used and how it is deployed must 
adhere to certain minimum technical standards.  Most environmental sound measurement 
standards recommend the use of Type 1 precision equipment per IEC 61672-128 or ANSI 
S1.43-199729 while also allowing for the use of Type 2 equipment.  There is certainly no 
reason on technical grounds to oppose this recommendation but, from a practical 
perspective, it is often necessary to use Type 2 equipment for surveys of this type because 
of the large number of instruments needed.  The utterly intangible difference in technical 
performance between these two instrument classes is totally inconsequential within the 
inherently and unavoidably imprecise nature of this type of survey.  It is much more 
important that the equipment is durable, reliable and specifically designed for extended 
use in the outdoors.   
 
Although high cost and extreme precision are not essential, the functional capabilities to 
statistically integrate sound levels over a user defined time period and automatically store 
the results are necessary.  Because the on-site wind and weather monitoring towers, or 
met towers, normally integrate and store measurements in 10 minute increments it is 
convenient, if not necessary, to measure and store sound data in synchronization with the 
wind data collected by these towers for later correlation.  It is evidently universal practice 
for met towers to store data 6 times an hour in 10 minute intervals that begin at the top of 
the hour; as in 9:00, 9:10, 9:20, etc.  Consequently, sound data logging should be started 
using a trigger function to begin at the top of an hour and not randomly by the manual 
push of the start button.  The timers on all instruments should be exactly synchronized to 
local time or to the project’s SCADA control system clock, if it is different from the 
actual time, which it often is.   
 
Of course, all of the instruments must be field calibrated at the beginning of the survey 
and checked again for drift at the end of the survey.     
 
Because this long-term survey approach involves unattended monitoring, the instrument 
and the microphone must be capable of withstanding damage, interference or outright 
destruction from rain and snow, which, among other things, means that the ground plate 
technique specified in IEC 61400-11 – where the microphone is laid flat in the center of a 
board on the ground and covered with one or more hemispherical windscreens – is not a 
viable option despite its otherwise highly desirable advantage of minimizing wind-
induced pseudo noise.  Consequently, the microphone must be mounted above ground 
level and protected from wind-induced distortion by a spherical weather-treated 
windscreen, which normally entails a higher density foam that is hydrophobically treated 
to shed water (windscreens and wind-induced noise are discussed in detail later).  As a 
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general rule, a slightly lower than normal microphone height of about 1 m above ground 
level is preferred for this application on the premise that wind speed diminishes 
exponentially with decreasing elevation theoretically going to zero at the surface, or 
boundary layer.   
 
For these moderate wind conditions, which are often when turbine noise tends to be most 
prominent relative to the background level, the wind speed at a 1 m microphone height 
would be less than about 3 or 4 m/s, which as shall be seen later, means that distortion 
from wind blowing through the windscreen is of little or no consequence with respect to 
the A-weighted sound level.   
 
In addition to arranging for the microphone to be about 1 m off the ground so that it is not 
adversely affected by precipitation, it is also necessary to keep the instrument itself dry 
and secure in a waterproof case, which is best mounted above the ground on a fencepost, 
utility pole or other support.   
 
While the microphone can be remotely connected to the instrument with a cable and 
independently supported, another practical option is to use a self-contained system where 
the microphone is attached to the instrument case with a rigid boom to hold the 
microphone away from the box and the entire assembly is mounted 1 m above ground 
level with a strap.  While there is nothing wrong with supporting the microphone 
separately on a tripod there is a tendency, unique to wind turbine survey work, for tripods 
to blow over, even after being weighted down and/or firmly staked to the ground.  The 
use of temporary metal fence posts to support either the microphone alone or the entire 
system is a more reliable option and is sometimes the only option in places where there 
are no existing supports, such as in open fields.  
 
5.1.7  Weather Stations and Wind Speed Monitoring 
 
In addition to the sound monitors it is also advisable to establish at least one temporary 
weather station at the sound monitoring position with the most exposure to wind.  The 
primary reason for this station is to measure the maximum wind speed at microphone 
height (about 1 m) for use in correcting the measured sound data for wind-induced 
distortion as described in a later section.  Wind speed at 1 m, direction and rainfall are the 
primary parameters to be recorded by this station, or others set up in other settings as 
appropriate, such as at a sound monitoring position sheltered from the wind by the local 
terrain (to demonstrate, for instance, that wind-induced distortion is negligible at such 
locations).  This data should be integrated and stored in 10 minute blocks in 
synchronization with the sound monitors.   
 
This temporary anemometer at 1 m above ground is solely there to evaluate microphone 
wind exposure and it is the on-site met tower anemometers, usually at 50 to 80 m above 
ground level, that should be used to correlate the measured sound levels at ground level 
to the wind speed essentially experienced by the turbine rotors.  Turbine nacelle 
anemometers scattered throughout the site may also be used to determine wind speed, but 
this is somewhat less desirable because a free field correction usually needs to be applied 
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to this data to account for the energy extracted from the wind by the rotor just upstream 
of the wind speed sensor.   
 
It is customary to normalize mast top or nacelle wind speeds to a standard elevation of 10 
m above grade per IEC 61400-11.  It is this result that is compared to the measured sound 
levels. 
 
5.1.8  Measurement Quantities and Parameters 
 
The objective of a compliance survey is to extract the project-only sound level from the 
total soundscape and compare that result to the permissible limit.  As such, the principal 
challenge is identifying and eliminating contaminating noises that are unrelated to the 
project over many days and thousands of measurements.  If it were practical to take a 
manned sample for 20 minutes, removing spurious noises by pausing the instrument or 
discarding contaminated subsamples, and declare the result as the performance of the 
project it would be a trivial matter; however, over a relatively long time period of 
unattended monitoring it is necessary to use the LA90 statistical measure to generally 
perform this function in an automated manner, since it captures the consistently present 
sound level during relatively quiet periods between common interfering and identifiable 
noise events like cars passing by or planes flying over.  A 10 minute sampling duration 
has been found to work very well since it allows direct correlation with met mast wind 
speed data and is generally short enough that fairly rapid changes in project noise are 
captured.   
 
The use of the average, or LAeq, 10 min, sound level or a finer time resolution of, say, 1 
minute come to mind as alternatives to the LA90, but these approaches have their own 
serious drawbacks.  If the LAeq is used to measure at on-site positions with the idea of 
better quantifying turbine sound levels, then the LAeq measured at the proxy background 
positions must also be used as an apples-to-apples correction factor.  But the LAeq is often 
completely unusable for this application.  As an example, multiple statistical measures 
were recorded at the off-site background measurement positions previously mentioned in 
connection with Figure 5.1.5.1, including the LAeq.  Figure 5.1.8.1 below shows the 
average LA90 and LAeq levels measured at all three locations compared to wind speed. 
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Average LA90(10 min) and LAeq(10 min) Background Levels 
Compared to Site-wide Average Wind Speed at 10 m
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Figure 5.1.8.1 

 
What is immediately obvious from this plot is that the LAeq, 10 min level is clearly driven by 
daily human activity; primarily intermittent vehicular noise on nearby sparsely traveled 
roads (noise that is filtered out by the LA90).  The LAeq levels rise to about 53 dBA every 
morning, stay there all day irrespective of the wind conditions and then gradually fall off 
in the evening hours bottoming out briefly somewhere around 23 dBA every night.  The 
LA90 level, on the other hand, is clearly more attuned to the natural environmental sound 
level, which in rural areas like this one is normally a function of wind speed.  The 
unsuitability of the LAeq, 10 min as a measure that might quantify project noise can be seen 
in Figure 5.1.8.2 where the average background LAeq level from Figure 5.1.8.1 is 
compared to the LAeq level measured at a typical, randomly selected on-site receptor. 
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LAeq(10 min) Sound Levels at Test Position vs. Time 
Compared to LAeq(10 min) Proxy Background Levels
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Figure 5.1.8.2 

 
The LAeq, 10 min sound levels at both positions are virtually indistinguishable meaning that 
the project-only sound level simply cannot be deduced.  Furthermore, it could even be 
reasoned that project noise is utterly inconsequential at this location because the on-site 
level is about the same or even lower than the off-site level, which is entirely free of any 
turbine noise, but, as we shall see later, that is not at all the case at this particular test 
position. 
 
Finally, it is desirable to use instruments capable of measuring the frequency spectrum in 
1/3 octave bands at one or two key locations with, usually Type 2, monitors measuring 
overall A-weighted levels at the majority of positions.  The use of one or more frequency 
analyzers at key positions allows for some frequency analysis, although great caution 
must be exercised with the lower frequency bands, as discussed later, since wind-induced 
false signal noise is largely inevitable and the low frequency results cannot be taken at 
face value.  Fortunately, this phenomenon does not significantly affect the measurement 
of A-weighted sound levels, however.  
 
The use of 1/3 octave band analyzers is largely essential for surveys that, for one reason 
or another, must be conducted during summertime conditions when insect, frog or cicada 
noise is present.  Measurements taken under these unfavorable conditions can be 
“corrected” to a certain extent by smoothing the high end of the frequency spectrum, 
where this kind of noise is usually obvious, and then recalculating the overall A-weighted 
sound level as shown in the (generic) example below. 
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Frequency Spectrum Smoothed to Approximately Eliminate 

Contaminating Noise at 2 and 4 kHz 
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Figure 5.1.8.2 

 
Of course, this correction would be laborious to perform for thousands or even just 
dozens of measurements so it is usually necessary to determine a typical correction, such 
as the -7 dBA adjustment that resulted in the example above, and apply that to all periods 
when this noise was apparently present.  This is, of course, an imperfect remedy and the 
best policy is to avoid, if possible, measuring under these circumstances in the first place. 
 
A solution to this common problem is currently being proposed by Hessler33 and 
Schomer34 in the form of a modified A-weighted network, termed “Ai-weighting”, where 
all of the measured sound above 1000 Hz, or the 1250 Hz 1/3 octave band, is disregarded 
in situations where insect noise is present and an adjusted A-weighted sound level is 
calculated from the truncated spectrum.   
 
5.1.9  Wind-induced Microphone Distortion 
   
One of the principal errors in measuring wind turbine noise is false signal noise from 
wind blowing through the windscreen and over the microphone tip, which is manifested 
in the form of artificially elevated sound levels in the lower frequency bands.  Taken at 
face value any measurement made in moderately windy conditions will ostensibly 
indicate relatively high levels of low frequency noise, irrespective of whether a wind 
turbine is present or not.  This measurement error is probably one of the principal reasons 
wind turbines are mistakenly believed to produce high, if not harmful, levels of low 
frequency and infrasonic noise. 
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Some degree of distortion is essentially inevitable in any measurement taken above 
ground level when the wind is blowing, even when using an extra-large windscreen.  It is 
in an effort to minimize this error that the IEC 61400-11 test procedure prescribes 
measuring on a reflective plate at ground level, where the wind speed is theoretically, 
although often not actually, zero.  As previously mentioned, this ground plate technique 
is fine for short-term, attended measurements but is impractical for long-term surveys due 
to the potential for rain or melted snow to damage the microphone.  Consequently, for 
lengthy compliance and evaluation surveys it is necessary to measure above ground level 
using a large, weather-treated windscreen - perhaps augmented with a very large 
secondary windscreen, although the practicality of such devices is questionable in harsh 
winter conditions.   
 
Because environmental sound measurements of most other sources apart from wind 
turbines are not generally conducted in windy conditions as mandated by applicable 
standards, the significance and even existence of this measurement error has long gone 
unnoticed.  Although this phenomenon and its physical basis were theorized decades ago 
by Strasberg35,36 it is only fairly recently that its relevance to wind turbine sound 
measurements has been examined in detail and quantified.  In particular, the subject of 
wind generated self-noise was thoroughly reviewed in 2006 by van den Berg37 where he 
showed that the magnitude of the distortion depends not only on the mean incident wind 
speed but also on the amount of atmospheric turbulence present at the microphone 
position (largely a function of the local surface roughness) and on atmospheric stability.  
Measurements taken at 1 or 2 m above a smooth surface during stable, nighttime 
atmospheric conditions, when the surface winds are usually light, generally contain the 
least amount of self-generated noise ultimately replicating the case where the principal 
noise generation mechanism is wake turbulence trailing off the windscreen.  In other less 
ideal circumstances self-noise levels can be developed by estimating the local surface 
roughness and atmospheric turbulence factor, Ψ, from wind speed measurements at two 
heights and/or from observations of cloud cover, time of day, general wind conditions, or 
meteorological data, if available.  
 
The minimum level of false-signal noise due to wind, excluding the effect of atmospheric 
turbulence, can be estimated based on an empirical wind tunnel study carried out by 
Hessler and Brandstätt in 200838 in which conventional ½” microphones fitted with an 
array of common windscreens and were subjected to known wind velocities in a 
massively silenced wind tunnel.  The measured sound levels during each test were 
essentially a direct measure of the false-signal noise – although for more or less laminar 
flow conditions corresponding to an outdoor setting with a very low surface roughness in 
neutral atmospheric conditions.  Nevertheless, for the specific windscreens examined it is 
possible to generally estimate both the overall A-weighted or un-weighted (dBZ) sound 
level of the distortion from the microphone height wind speed and then subtract it from 
the total measured level to largely reverse the error. 
 
An example is shown in Figure 5.1.9.1 where the overall A-weighted level of self-noise 
is calculated as a function of wind speed and subtracted from the as-measured sound 
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level.  The plot is a three day detail of a wind turbine survey where oversized 175 mm 
(7”) diameter treated windscreens (ACO Model WS7-80T) were used.  This particular 
windscreen was found to be the best performer, in terms of minimizing wind-induced 
self-noise, in the wind tunnel study.    
 

As-Measured Design L90 Background Sound Level Compared to 
Level Corrected for Wind-induced Microphone Self Noise
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Figure 5.1.9.1 

 
This figure shows the very typical result, at least where extra-large windscreens are used, 
that the correction is insignificant and can be essentially neglected when it comes to A-
weighted sound levels.  This is because with a large windscreen the distortion is confined 
to the very lowest frequencies where it has almost no impact on the A-weighted sound 
level.  With a conventional 75 mm (3”) windscreen, on the other hand, wind-induced 
noise begins to become significant in the mid-frequency region, between about 63 and 
400 Hz, where it has much more influence on the A-weighted sound level.  
Consequently, standard windscreens are not recommended for this type of survey and 
windscreens with a minimum diameter of 7” are recommended for wind turbine field 
work.     
 
The empirical wind tunnel study results for 175 and 75 mm treated windscreens are 
shown below. 
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Self-Generated Noise Levels (dBA) as a Function of Wind Speed 
for 75 and 175 mm Treated Windscreens
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Figure 5.1.9.2 

 

Self-Generated Noise Levels (dBZ) as a Function of Wind Speed 
for 75 and 175 mm Treated Windscreens
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Figure 5.1.9.3 

 
The overall level of self-generated noise for these windscreens may be estimated from the 
general expression below with the understanding that local atmospheric turbulence is not 
accounted for and a neutral atmosphere is assumed. 
 

Lp,self = A ln(v) + C, dB  for v>1.5 m/s   (1) 
 
Where A and C are constants given in the table below and v is the normally incident wind 
speed at the microphone in m/s. 
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Table 1  Constants for A and Z-wtd Self-Noise Calculation Algorithm 

(Neglecting Atmospheric Turbulence) 

A-weighted Sound Level, dBA Un-weighted Sound Level, dBZ Windscreen 
Type A C A C 
75 mm (3”) 
Treated 28.273 -6.8736 19.804 45.34 

175 mm (7”) 
Treated 28.692 -17.447 20.57 39.42 

 
In a real atmosphere the sound level may be higher or lower than given in Table 1, 
depending on the turbulent energy present, which again depends on the stability of the 
atmosphere.  In a neutral atmosphere, which occurs at higher wind speeds (> 6 m/s at 10 
m height) or in very clouded conditions, the wind-induced level might be anywhere from 
5 to 9 dB higher than the levels shown above.  After sunset, when the atmosphere is more 
prone to be stable, the wind-induced noise levels will be more similar to the values given 
above. 
  
5.1.10  Correction for Background Noise  
  
Once a design LA90 background sound level has been developed from averaging the data 
collected at the off-site proxy positions it can then be subtracted in the usual logarithmic 
mannerd from the levels measured at each of the on-site positions to deduce the project-
only sound level.  However, this correction process is only relevant to samples recorded 
while the turbines were actually in operation and not necessarily to all samples; 
consequently, the data must be sifted to ignore all periods of calm winds.  This can be 
accomplished by dealing only with data sets collected above the effective cut-in wind 
speed for the turbine model in question (bearing in mind whether that wind speed is 
measured at 10 m or hub height) or, more preferably, by comparing the measured data to 
a time history of project electrical output obtained from the SCADA, or project control 
system.  For this latter option it is best to compare the operational output of the 2 or 3 
units closest to each on-site measurement position rather than the total project output 
because this not only accurately defines the on and off times at each monitoring station 
but also may reveal, the fairly common occurrence, that certain units were temporarily 
down for maintenance or due to some unexpected malfunction.  The relevance of this, of 
course, is that the measurements of project noise during this period would not have 
captured the maximum possible sound level.  
 
Because the proxy background level is, for practical reasons, an inexact estimation of the 
site-wide background level, there will usually be instances when the background level 
exceeds the total measured level at certain on-site positions.  Under this circumstance, 
and when the background level is below but within 3 dB of the total level, the project-
only sound level would normally be considered indeterminate.  While the calculation of 

                                                 
d  LpProject = 10 log [10^(LpTotal/10) – 10^(LpBackground/10)],  dBA 
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the project-only sound level is mathematically possible when the background level is 
below but within 3 dB of the total level, doing so tends to create spurious mathematical 
artifacts where the project level can be estimated at unrealistically low and obviously 
incorrect sound levels.  Since most standards, such as ISO 374639, essentially disallow 
this calculation it is best to follow that policy here as well.   
       
5.1.11  Typical Test Results and Comparison to Model Predictions 
 
Representative examples from typical test positions within two different wind projects 
using two different turbine models and located in two different states are discussed below 
as a way of illustrating the outcome of the test methodology outlined above. 
 
Example 1 
 
The first example is from a test position at a residence within a project in a rural area in 
the Eastern United States where the turbines and homes are thoroughly mixed together – 
a common situation in this region and the Midwest.  This location is surrounded in nearly 
all directions by a number of turbines at various distances, the closest being about 490 m 
(1600 ft.) away from the home with another 10 lying within a 1500 m (4900 ft.) radius.  
The terrain is gently rolling hills with a mixture of open fields and wooded areas.  Mild 
complaints about noise had been received by the project from the residents of this home, 
which is the primary reason it was selected as a monitoring position.   
 
The overall test results from a two week measurement survey in terms of the total 
measured level at the test point, the design background level derived from proxy 
positions and the normalized 10 m wind speed, are shown in Figure 5.1.11.1.  This is 
same test position that was previously discussed in conjunction with Figure 5.1.8.2 and 
LAeq sound levels. 
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As-Measured LA90 vs. Time at Test Position
Compared to Proxy LA90 Background Sound Level and Wind Speed
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Figure 5.1.11.1 

 
Although the raw results may appear unintelligible at first glance, a closer look reveals 
that the design background level (developed from an average of three off-site 
measurement positions) and the sound level at the test position both generally parallel the 
wind speed indicating that the measured levels are due to wind-induced sounds associated 
with the natural environment in the first case and to both natural and wind turbine sound 
in the second.  As expected, the on-site level at the position surrounded by almost a dozen 
turbines is usually substantially higher than the background whenever a moderate wind is 
blowing and, also as expected, the on-site level is similar to the background during calm 
conditions when the project is not operating.  It is the difference between these two levels 
during windy conditions that essentially constitutes and quantifies the noise impact of the 
project.  As is evident from the plot, it is an ever-changing dynamic situation where the 
project sound level variously exceeds the background by anywhere from 0 to 10 dBA.  
This figure graphically points up the inadequacy of attempting to determine the project’s 
noise emissions from a few short-term manned samples.   The greatest differentials 
between the on- and off-site level tend to occur at night but it is important to note that 
while the project level may be quite a bit higher than the background, the sound level at 
the receptor point often remains very low in absolute terms with unadjusted raw levels 
commonly in low to mid 30’s dBA. 
 
Taking these test results through the next steps of correcting the on-site level for 
background noise and parsing out the low wind periods when the project was idle 
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produces the following plot where the nominal project-only sound level is shown as a 
function of time over the survey period. 
 

Derived Project-Only Sound Level After Correction for Background Noise and 
Project Down Times at Test Position Compared to Wind Speed

Overall Survey Period
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Figure 5.1.11.2 

 
In terms of magnitude the project apparently generates sound levels ranging from 30 to 
49 dBA at this location, depending largely but not only on wind speed.  The fact that the 
project sound level does not exactly parallel the wind speed (which was derived from 
high elevation, rotor height anemometers) indicates that other atmospheric factors play a 
significant role in determining exactly how loud the project is at this location at any given 
moment. 
 
What Figure 5.1.11.2 is technically showing is the baseline - LA90 - project sound level 
that is consistently present during each 10 minute measurement period.  This means that 
somewhat higher sound level excursions lasting a few seconds to a few minutes are 
possible, if not probable, but it is not practical to capture the moment to moment variation 
over the lengthy survey period needed to adequate evaluate long-term project sound 
levels.  However, comparing these results to model predictions based on the turbine 
sound power level indicates that the LA90 approach does not inadvertently underestimate 
project levels, as might be suspected.  Figure 5.1.11.3 plots the modeled project sound 
level at this test position (using the procedures outlined in Section 4.1) against the 
measured project-only sound level.  For clarity a detail of a representative three day 
period from the third to the sixth day of the survey is shown. 
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Project-Only LA90 Sound Level Corrected for Background at Test Position 

Compared to Modeled Sound Level and Wind Speed
Detail:  3 Day Period of Fairly High Winds 
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Figure 5.1.11.3 

 
The modeled level is derived using a curve-fit polynomial function based on the 
predicted project sound level at integer wind speeds, which in turn is based on the turbine 
sound power level at those wind speeds taken directly from an IEC 61400-11 field test 
report.  In general, the plot shows that the model prediction, based solely on the turbine’s 
sound power level at specific wind speeds, provides a reasonably good approximation of 
the actual observed sound level.   
 
 
Example 2 
 
The second example is from a site in the Midwestern United States where the turbines are 
again intermixed with scattered homes and farms in a rural setting.  This particular test 
location was adopted in response to, what turned out to be understandable, complaints 
about noise from a participant’s “own” turbine that had been sited at the unfortunate 
distance of only 180 m (600 ft.) from the house.  The raw test results are summarized in 
Figure 5.1.11.4. 
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As-Measured LA90 vs. Time at Test Position
Compared to Proxy LA90 Background Sound Level and Wind Speed
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Figure 5.1.11.4 

 
In this instance, the total sound level at the house is consistently and not surprisingly well 
above the background level developed from four off-site monitoring stations, meaning 
that much of the time background noise was largely insignificant, if not inaudible.  The 
corrected project-only sound level for a three day windy period near the beginning of the 
survey is shown below compared to model predictions. 
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Project-Only LA90 Sound Level Corrected for Background at Test Position 
Compared to Modeled Sound Level and Wind Speed

Detail:  3 Day Period of Fairly High Winds 
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Figure 5.1.11.5 

 
In this instance, as with Example 1, the predicted level intertwines with the measured 
level, sometimes over-estimating, sometimes underestimating but generally capturing the 
mean project sound level.  The variation above and below the predicted level is largely a 
measurement of how all other factors beyond the simple wind speed are affecting the 
total sound level perceived at this location.  One of these factors may be unique to the 
turbine model used at this site, which, based on other surveys and observations, appears 
to have a tendency to produce sound levels in excess of the manufacturer’s stated 
performance in high wind conditions, which may be part of the reason the actual level 
significantly exceeds the expected levels in the second half of this sample period.  This 
same departure between the predicted and measured levels also appears in the regression 
analysis below for the entire survey period where the project-only sound levels are 
plotted as a function of wind speed.  
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Regression Analysis of Measured Project-Only Sound Level vs. Normalized 
Wind Speed
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Figure 5.1.11.6 

 
Good agreement with the mean trend is evident up to about 9 m/s but not beyond it. 
 
These two examples are presented to illustrate the outcome of the test methodology and 
are generally representative of the typical results obtained at a number of test positions 
over a number of such surveys.  That is not to say, however, that the method is infallible 
and that mismatches between measured and predicted levels will never be found.  Testing 
wind turbine noise is challenging and inherently imprecise because the sound sources 
themselves and the propagation of sound from them to a given point of interest is 
dependent on the environment in general and amorphous wind and atmospheric 
conditions in particular. 
 
5.1.12  Interpretation of Test Results Relative to Permit Limits 
 
The regression plot above (Figure 5.1.11.6) exhibits the typical behavior where there is a 
scatter to the test results and the project sound level is not a perfectly fixed quantity at a 
given wind speed.  This is an unavoidable consequence of the nebulous atmospheric 
conditions mentioned above.  The question that this raises, however, is how to interpret 
the results of the survey relative to the absolute, or in some cases relative, noise limits 
contained in planning consent or permit conditions.  Excursions, sometimes very 
substantial excursions, above the mean project sound level are inevitable and under all 
normal circumstances it would be a complete impossibility to design and lay out a project 
so that the sound level never exceeded a specific value at a particular point or, more 
realistically, at a large number of residences within the vicinity of the project.  Only 
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projects in obviously remote locations could ever be comfortably designed to such a 
limit.  Consequently, the possibility, even likelihood, that project noise will occasionally 
spike for short periods should be factored in to regulatory limits.  That this issue is not 
addressed in current laws or limits pertaining to wind turbines is simply a result of the 
understandable fact that few are aware that it is even an issue.  
 
As a suggestion, it seems reasonable to conclude that a project is in compliance with an 
absolute regulatory limit if the measurements indicate that the project-only sound level is 
lower than the stated limit at least 95% of the time, taking that number from the 
commonly used statistical confidence interval.    
 
  
5.2  Single Site Investigations 
  
In addition to evaluating operational sound levels on a project-wide basis with regard to 
regulatory compliance, it is sometimes necessary to carry out dedicated field surveys, 
usually in response to complaints, that are focused only on a specific point.  Although 
each of these situations is certainly unique, the general test approach outlined above can 
generally be applied with the exception that more resources can be brought to bear on 
understanding the project sound level at that particular location.    
 
5.2.1  General Test Design 
 
The general test set up for a diagnostic or investigative sound survey at a single point 
would follow the procedures described for a site-wide test in terms of survey length, 
equipment and measurement technique with the following enhancements. 
 
The primary measurement position will be outside the residence or point of interest 
where it is usually prudent to use multiple instruments for redundancy and/or increased 
functional capability.  For example, it is highly desirable to measure the overall A-
weighted sound level, the frequency content in 1/3 octave bands and to store audio 
recordings whenever an appropriate trigger level is reached.  While all three of these 
things can be achieved by some instruments, it would be safer to use the 1/3 octave band 
analyzer to store numerical data and use a second instrument to store both back-up A-
weighted data and the audio files.  In any case, having multiple instruments can also 
allow for additional time resolutions (beside the standard 10 minute periods) to be 
recorded at the same time; 1 minute or 1 hour data, for instance.  In addition to the sound 
recording equipment a weather station recording wind speed at microphone height, wind 
direction and rainfall, among other common parameters, should be set up nearby. 
 
The specific measurement position should be at a location with exposure to all of the 
nearest turbines or at a place that replicates the exposure of the residence to the project 
but is removed from any sources of local contaminating noise (HVAC equipment, farm 
machinery, human activities, etc.). 
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As with a more general survey, the background level is still of just as much concern so 2 
to 3 proxy background measurement positions should be found in opposite directions that 
are remote from any turbines and, in this particular case, replicate as closely as possible 
the setting of the principal test location in terms of terrain, exposure to wind and exposure 
to other noise, such as from a road. 
 
The principal and proxy background positions above will theoretically determine what 
the project sound level is at the residence but may not indicate why it is.  To this end 
several additional monitoring stations close to the 3 or 4 nearest turbines are 
recommended that are ideally located in line with the principal position at the standard 
IEC 61400-11 test distance of the hub height plus half the rotor diameter (typically 
around 125 m, or 400 ft.).  A hypothetical test set up involving four nearby turbines is 
shown in Figure 5.2.1.1.       
 

 
Figure 5.2.1.1 

 
Note that several of the intermediate positions are slightly off the direct sight line to keep 
them in open and reasonably accessible areas.  Although this hypothetical example was 
conveniently conducive to this test set up, additional complications are likely to arise; in 
particular access to private property, which may call for some creativity in designing the 
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test layout.  Nevertheless, the idea is to gauge the individual contribution from all of the 
nearest units over a variety of wind directions and weather conditions to determine if the 
problematic noise levels are principally associated with perhaps one unit or a particular 
set of wind conditions.  Moreover, the principal purpose for measuring the noise 
emissions of all the nearest units is to be able to estimate the actual sound power level of 
each unit and analytically calculate, by means of a simple spreadsheet model, or 
modeling software, the total sound level at the house for comparison to the measured 
level there.  This approach allows the individual contribution from each unit to be 
quantified for different conditions and also helps confirm, in a manner independent from 
the proxy monitoring approach, how much of the received signal at the principal 
measurement location is due to the project and how much is background noise.  In 
addition, the sound power level of each unit can be informally checked against the 
manufacturer’s warranty value.    
 
While the ground board technique specified in IEC 61400-11 is not practical for long-
term, unattended measurements - mainly because of concern about rain - a comparable, if 
somewhat less rigorous, result can be obtained from measuring at 1 m above grade by 
placing the microphone or monitor on a tripod or temporary post at the appropriate 
distance.  In Figure 5.2.1.2, for example, measurements were made simultaneously at 1 
second resolution with a microphone on a ground plate and with two additional 
microphones at 1 and 2 m above it.  The average and consistent differential between both 
above ground positions and the microphone on the reflective plate was 2.7 dB, which is 
close to the ideal 3 dB differential that one would expect.   
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Simultaneous Measurements 125 m from Turbine on Reflective 
Ground Plate and at 1 and 2 m above Grade
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Figure 5.2.1.2 

 
This example illustrates that it is possible under certain circumstances to reasonably 
measure the apparent A-weighted turbine sound power level above ground level without 
serious degradation due to wind distortion.  Of course, this may not be true when it is 
particularly windy at 1 m above ground level.  Another potential complication arises 
when multiple turbines are in unusually close proximity to each other, as they are in 
Figure 5.2.1.1, and background noise or cross-contamination from one unit to another 
must be taken into account in such cases.  In general, however, the only substantive 
modification to the IEC 61400-11 process for calculating sound power level would be to 
change the constant “6” to “3” in Eqn. (9) of the standard since above ground 
measurements are being used.    
 
As suggested by Figure 5.2.1.2, an additional tool that is normally useful and practical for 
single site investigations is to temporarily shutdown, for 10 to 20 minutes, the nearest 
turbines to the point of interest, if not all those that could conceivably be affecting the 
sound level there, in order to obtain direct measurements of the background level so the 
project-only level can be derived with some confidence from the operational sound levels 
occurring just before or after the shutdown.  A short-duration shutdown helps ensure that 
the wind and weather conditions are essentially identical for both the on and off 
measurements.  This technique also offers a way of verifying the validity of the levels 
measured at the off-site background positions.  It is usually during the times of peak noise 
that it is most desirable to have an exact measurement of project’s sound level, since 
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these are the noise levels that most likely engendered the complaint in the first place.  
Consequently, it becomes a matter of either being there when these conditions occur, 
which is frequently at night, to organize the shutdown - or putting control over the 
shutdown in the hands of the resident who can call in by pre-arrangement to the control 
room if and when the noise becomes objectionable in terms of its overall magnitude 
and/or begins to exhibit some adverse character, such as from amplitude modulation.  
Although this latter approach of allowing the resident identify the time of maximum 
noise has been used successfully to quantify the overall magnitude of project noise and its 
frequency content in 1/3 octave bands, one must really be on hand to manually measure 
amplitude modulation, since it calls for the use of an extremely fine time resolution, on 
the order of milliseconds, to capture the sound oscillations that normally have a period of 
roughly 1 second.  Such manual measurements can be taken indoors, where this kind of 
noise is most often observed to be objectionable, as well as outdoors.   
 
Only with attended measurements it is possible, and then only occasionally, to measure 
indoor sound levels in any kind of meaningful way because contaminating noises can be 
observed and, hopefully, factored out.  Long-term monitoring is effectively limited to the 
outdoors for the fundamental reason that there is no way to ascertain the background 
sound level inside of a dwelling at a particular time with the project operating.  This is 
because the background sound level indoors is driven by a unique set of seemingly minor 
but significant sound sources that cannot be replicated by a proxy measurement position.  
Indoor background sound levels are partially a function of the outdoor conditions, 
particularly when it is windy or raining, but are also driven by such things as air flow 
from the heating and air conditioning system, appliances, computers and, of course, 
human activity even when it is in a distant part of the house.  These usually very minor 
sounds are significant because the intruding noise level from the project is often very low 
or extremely low in terms of the A-weighted sound level.  For example, it would not be 
unusual for a project sound level to be in the vicinity of 30 dBA inside of the house 
(perhaps being in the 40 to 45 dBA range outdoors).  The successful measurement of the 
project-only sound level would then require the indoor background level to be 20 dBA or 
less, which is usually not the case.  Sound levels in a bedroom at night are commonly at 
least 30 dBA even when no wind project is present. 
 
In any event, it is sound level outside of dwellings that is normally (but not always) 
restricted by regulations or permit conditions and this level can typically be measured 
with the long-term monitoring methodology described above.  
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1. INTRODUCTION 
 

A. BACKGROUND 

Like most other industries or sources of transportation, noise and noise criteria are a matter of 
consternation to all sides involved in the siting and development of wind farms. Industry wants the 
permitted acoustical levels as high as possible, the community wants them as low as possible, and the 
municipality or county wants to maximize the dollars in their budget. For the past 10 or 15 years there has 
been an evolution towards developing a metric and criterion for wind turbine noise. Many turbines were 
built with what turns out to be rather high levels. They were designed with the community level being set 
at 50 or even 55 dB (A). Gradually, these levels have decreased, but friction between the community 
groups, the developers of the wind farms, and local government continues to this day. 
 

B. PURPOSE 

The purpose of this paper is to explain and evaluate the metric by which the community response to 
wind turbine noise is gauged and the limits appropriate to that response function. Chapter II deals with 
selection of the metric, and Chapter III presents the data and methods used to establish criteria and a 
criterion, based on the metric selected. 

 

C. APPROACH 

The approach to the selection of a metric is pragmatic. When looking at the present situation, A-
weighting is the only appropriate metric for most noise sources. Based on all that we know, it could well 
be that C-weighting is preferred, or even Z-weighting or lower would be an improvement. But 
pragmatically, what is in use today and has corresponding response functions is A-weighting. These 
issues are dealt with in Chapter II.  

In the second and more major part of the paper, various independent references and their procedures 
are used to find data on which to base the selection of a recommended criterion. These data come from 
four very independent sources. The use of four totally independent sources of data, independent from 
each other and independent from the issues at hand cannot be stressed enough. For example, the 
community tolerance level (CTL) was developed based on road traffic and airport noise, totally 
independent of wind turbine noise (WTN), totally independent of American National Standards Institute 
(ANSI) S12.9 Part 4, totally independent of the Health Canada study, and totally independent of the 
Minnesota Department of Commerce study. Similar statements can be made of each of the four sources, 
and these four sources are equally independent from the parties concerned (industry, community, and 
local government). They are totally independent of the results from the ANSI S12.9 Part 4 calculation, 
because these results were developed without having wind turbines mentioned or included in any way, as 
this was just a general procedure for environmental noise. Any assessment here is certainly independent 
from the Minnesota Department of Commerce existing criteria levels. The average and extremes of those 
data are what they are; nothing we do here can influence that. CTL is derived for other sources and other 
places, and not constructed for WTN, so its application is totally independent from wind turbine noise 
sources. The Health Canada data are not totally independent of the issues at hand, but the authors argue 
that the Health Canada data are equally independent for all three parties. In the same test with the same 
subjects, the Health Canada study finds that there are no health effects that can be found at the resolution 
that one gets with about 1200 subjects, but that there are substantial annoyance effects with these same 
subjects in the same study. One finding for industry, one finding for the community. That is, with the 
same sampling, the same noise measurements, the same noise predictions, the same surveyors, the same 
survey instrument, the same subjects, one gets half of the results that in some sense support industry, and 
half of the results that in some sense support the community. At least to this authors’ mind, Health 
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Canada represents an independent government entity not aligned with any of the three parties. The four 
sources are as follows: 

1.data inherent to community tolerance level (CTL);  
2.ANSI S12.9 Part 4 
3.data from Health Canada, used to establish the equivalency between wind turbine noise 
and other noise;  
4.the Minnesota Department of Commerce 

Note: None of the data was developed by these authors and each of the sources is independent from 
any of the three primary groups involved: community, developer/operator, and local government. Thus, 
our approach is to present and explain these sets of data or procedures, and to show how they relate to the 
general method and the criterion that is ultimately selected. 

1. CTL provides a one-number assessment of a set of cluster data from an attitudinal survey. 
Depending on what is held constant, almost any situation can be compared in decibel units of 
day-night level (DNL). Keeping with current practice, road traffic noise is used as the 
baseline. The difference in CTL between a data set under study and road traffic noise is the 
decibel difference between the two CTL values, respectively. 

2. ANSI S12.9 Part 4 is directly used to form a small range of levels for potential development 
of a criterion.  

3. Direct use of the Michaud et al. data and other similar international data to set a criterion. 
4. Data from a State of Minnesota Department of Commerce survey of criteria set in various 

foreign countries and provinces. 

2. SELECTION OF A METRIC 

A. DISCUSSION OF WEIGHTING 

As is well known, most sources are assessed using A-weighting with perhaps an adjustment for sound 
character (e.g. tonal or impulsive). A basic version of this assessment metric has been used since at least 
1971 when the first version of ISO 1996 (International Organization for Standardization) was approved. 
The only source for which A-weighting is not used is high-energy impulsive noise, e.g. sound from 
demolition, open pit mining and quarrying, sonic booms, and noise from military training. For these 
sources, C-weighted data are collected, and these data are transformed to equivalent A-weighted levels in 
terms of equal annoyance (ANSI S12-9, ISO 1996-1). 

There is no function that relates C-weighted wind turbine noise to an equivalent A-weighted level, 
nor is there a function that relates Z-weighting to an equivalent A-weighted level. The C-weighting 
procedure for high-energy impulsive noise took about 25 years to validate and get into use. Correlation 
between A-weighting and C-weighting in response to turbine noise has been shown, but this does not 
show that either of the weightings is correct. There is no conversion tool upon which to develop 
equivalent A-weighted levels. A response function is required. But it can be observed that a high degree 
of correlation between A- and C-weighting exists; so high that there is virtually no difference between 
using C-weighting or A-weighting. When one has a class of sources that all have the same spectrum, then 
the difference between different linear filters that all measure at least some part of the sound will all be 
highly correlated with one another. The difference between A-weighting and other weightings is that 
response functions have been created and scrutinized for A-weighting.  

A constant, 24-hour A-weighted equivalent level (Leq) computed over the day and night periods, is 
the recommended metric, and in nearly all cases, the metric of interest is the nighttime Leq resulting from 
wind farm operations. So, as with aircraft and other noise categories that are dominated by one kind of 
source, comparisons can be made from one situation to another because the spectral content has not 
changed from one situation to another. For example, if one is measuring traffic noise, then the Leq for the 
hour beginning at 1500 measured on Tuesday should be similar to the hour measured at 1500 on 
Wednesday.  
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If the appropriate computational procedures are chosen, then one can install a barrier, have a 
reasonable chance at predicting a reduction, and subsequently produce a meaningful reduction for the 
community. That is not the situation with wind farm noise. It has been shown that the correlation from 
one type of wind turbine to another, and from one size to another, results in a set of numbers that properly 
order different situations because there is no change to the spectrum from one wind turbine to another. 
But this is not the case if one performs mitigation and predicts the benefit based on A-weighting. A 
barrier can be built alongside a highway and the reduction can be predicted. The corresponding decrease 
in community annoyance can also be predicted, at least to a reasonable degree. We cannot make the same 
statement about wind farm noise.  

The reader should be cautioned not to believe that A-weighting is the correct weighting function for 
wind farm noise assessment. This simply has not been shown. Currently, however, the A-weighted levels 
assigned to different community responses seem to fit current wind farms in terms of response and level, 
at least in terms of annoyance based on attitudinal survey data. A-weighting is not chosen because it has 
been shown scientifically to be better than other metrics. Rather, it is chosen because at the current state 
of development, to date, no one has shown any metric to be superior. Even if it were available today, it 
would still take quite a while to gain acceptance for such a metric. 

 

B. METRIC 

The choice of a metric is limited. In principle, all of the readily available noise metrics are those built 
into sound level meters and other similar devices. The non-time integrating metrics are very limited in the 
data provided. Lmax and Lmin are two non-integrated choices, but it is clear that Lmax may be 
something that occurs for a short time every once in a while (e.g., once an hour or once a day). In the 
class of time-integrated metrics, there are three prominent choices: Leq, Ldn, and Lden. These three are 
not significantly independent; rather, there are very clear and consistent differences among them. Leq 24-
hour is predicated on the assumption that wind farm noise emissions from a given turbine throughout the 
24-hour day are more or less constant (read ±1 dB). The question is: how far above Leq must the DNL be 
such that the calculation of Leq during daytime added to (Leq+10) dB at night equals to DNL? The 
difference between the numerical value for Leq and DNL when the Leq is held constant is about 6-7 dB. 
A similar number exists for DENL. DNL or DENL provide no additional information as compared to the 
simpler, constant 24-hour Leq. Were Leq not a constant, and Ld and Ln are not constant, then a more 
complicated difference between DNL and 24-hour Leq would be required. 

3. METHODS AND PROCEDURES BY WHICH A CRITERION FOR 

WIND TURBINE NOISE CAN BE SELECTED 

A. DIFFERENCES IN COMMUNITY TOLERANCE LEVEL (CTL) BETWEEN ROAD 

TRAFFIC AND WIND TURBINE NOISE 

 

At this point, it is proposed that a relationship between percent highly annoyed and various nighttime 
Leq levels be established. However, the recent papers by Fidell et al. and Schomer et al. relate percent 
highly annoyed to DNL. These two papers also introduce the concept of community tolerance level 
(CTL). This paper will establish the relationship between nighttime Leq, CTL, and DNL for wind turbine 
noise. Once that is done, we will compare various DNL and CTL levels with wind farm levels. As a part 
of this comparison, we will include the transformation of CTL or DNL data to nighttime Leq in order to 
have valid comparisons. First, DNL will be discussed, followed by CTL. 

Up until the introduction of CTL, all community attitudinal survey data were analyzed by using linear 
regression analysis. There was no underlying functional relation. With CTL, it is hypothesized that the 
community response to environmental noise is similar to the basic human loudness function where 
loudness is proportional to the independent variable raised to the 0.3 power. Secondly, it is hypothesized 
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that the functional form of a relationship is a transition function, and for the sake of simplicity, the 
simplest form of a transition function is used: e-v. It becomes: 

%𝐻𝐴 = 100 ∗ 𝑒−1/(10
(
𝐿𝑑𝑛−𝐿𝑐𝑡+5.306

10
)
0.3

)                                      (1) 
where 5.306 is an arbitrary constant K. The property of K is such that when Ldn=Lct, then Lct 
corresponds to the 50th percentile for %HA. That is, for purposes of convenience, the value of CTL for a 
given community is standardized at the midpoint of the exponential function.   A CTL value thus 
corresponds to the DNL value at which half of the people in a community describe themselves as highly 
annoyed by transportation noise exposure.  As Fidell et al. (2011) show, the constant 5.306 follows from 
the definition of CTL as the midpoint of the exponential function. That is, when DNL = CTL, the %HA = 
50%.  (Definition of CTL at a point other than 50% on the exponential function would merely result in a 
change to the constant 5.306, with no loss of generality.)   

Fidell et al. (2011) gives the percent highly annoyed as a function of DNL for all noise caused by 
airport operations. Schomer et al. (2012) does the same for highway and railroad noise. The convention is 
that all noises are compared to road traffic noise. The difference in the value of K between any source and 
road traffic yields the numerical difference in dB between the two situations. For example, the CTL for all 
road traffic is 78 dB and the CTL for all aircraft is 73 dB. So, aircraft is 5 dB less tolerable than road 
traffic noise. CTL can quantify the difference between any two situations one wants to consider. For 
example, one could look at the difference between nighttime and daytime, the difference between hilly 
country and flat country, the difference between urban, suburban, and rural, or the difference between 
communities on the ocean and those landlocked.  

Michaud et al. (2016) calculates the CTL for wind turbine noise to be 62 DNL.  That is, 16 dB must 
be added to the DNL of road traffic noise to make it equivalent to that of wind turbine noise. Michaud et 
al. also calculate the CTL for each of his two study areas, Prince Edward Island and Ontario, 
independently. In addition, they calculate the CTL for other surveys that provide the necessary data to 
calculate the CTL (Pedersen et al. 2004, 2007, 2009; Yano et al. 2013). Michaud shows that the CTL for 
Ontario is very similar to the CTL for Pederson et al., 2004 and Yano et al. 2013. The CTL for PEI is 
shown to be very similar to the CTL for Pederson et al 2007 and 2009. The CTL for Ontario is about 7.5 
dB lower than the CTL for PEI. They also compute the average CTL for windfarms and that is what is 
used herein. 

 
 
 

B.USE THE DIRECT HEALTH CANADA AND THER COMPARABLE INTERNATIONAL 

SURVEY DATA OF %HA AT VARIOUS TURBINE NOISE LEVELS 

 
This method is the simplest, it says that the %HA at a certain dB(A) is exactly what is measured. 

There are three data points provided by the Health Canada analysis: the ranges are from [30-35) dB, [35-
40) dB, and [40-46) dB. The corresponding %HA are 1%, 10%, and 14%.  

 
In this paper, several primary sources of data are used to develop the functional relationship and 

select the criteria. Once a DNL is chosen as the metric, the second step is to establish percent highly-
annoyed as a function of DNL. This %HA can then be compared to the results from Michaud et al. to 
form a criterion. 

 
C. USE THE S12.9 TO DIRECTLY DEVELOP A CRITERION 

 
ANSI S12.9 Part 4 uses DNL as its primary metric. ANSI S12.9 Part 6 establishes 55 DNL as the 

criterion for start of impact from noise. Part 4 also establishes the adjustment of 10 dB for quiet rural 
areas, i.e. the criterion drops to 45 DNL. In terms of a 24-hour A-Leq, this criterion drops to 39 dB. So, 
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we find 39 dB to be a criterion, independent of the noise source. This derivation never mentions wind 
turbine noise.  
 
D. USE THE MINNESOTA DEPARTMENT OF COMMERCE FINDINGS 

Minnesota, like 29 other states (reference 2 from Haugen 2011), has a state renewable energy 
objective that calls for “25% of the state’s electrical energy to come from renewable sources including 
wind energy by 2025 (reference 3 from Haugen 2011).” “While many people support wind energy, some 
have become concerned about possible impacts to their quality of life due to wind turbines, including 
noise, shadow flicker, and visual impacts…” Because of these concerns surrounding wind power, the 
state set out to survey a variety of players in the wind energy industry, from many foreign regions and 
countries. “For this report, a variety of professionals working on renewable energy issues within national 
and regional governments, wind energy associations, wind energy development companies, and other 
areas were contacted by email.”  

The Minnesota findings are shown in Figure 1. This figure shows national and regional wind farm 
limits in two different kinds of areas: (1) residential and other noise sensitive areas, and (2) all other areas. 
These are represented in the figure as a solid blue bar for the sensitive areas, and a solid green bar going 
above the blue for the other areas. Only 3 of the 19 jurisdictions are above 40 dB: Spain, Portugal, and the 
Netherlands, and the average is 36 dB.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1: International wind turbine noise limits obtained by the Minnesota Department of Commerce 

 

 

 
 

4. EVALUATION OF CURVES EQUATING DNL TO %HA 

 
In this report, data from six different sources are examined in an attempt to develop a %HA criterion 

for wind turbine noise (and most other noises): Schultz, the Committee on Hearing, Bioacoustics, and 
Biomechanics (CHABA), the Federal Interagency Committee on Noise (FICON), CTL (Fidell et. al., 
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Schomer et. al.), Miedema and Oudshoorn (2003), and Miedema and Vos (1997). Schultz, CHABA, and 
FICON are all based on the Schultz’s 1978 synthesis of social surveys on noise annoyance, with the 
CHABA curve being virtually identical, and FICON being mysteriously low in the relevant DNL interval 
(60-75 DNL). Miedema and Oudshoorn is an improved version of Miedema and Vos, and along with 
CTL is used in the current version of ISO 1996-1. Schultz, CHABA, and FICON use data from a 
combination of aircraft and road traffic noise sources to arrive at their %HA values, whereas CTL, 
Miedema and Vos, and Miedema and Oudshoorn all make a distinction between aircraft and road traffic. 
The curve given by Miedema and Vos is shown in the figure for reference as a dashed blue line, but is not 
included in the analysis that follows because they are two variant data fits to the same data base by the 
same organization, and using both of them could bias the calculations that follow. 

These five sources and their %HA from 50 to 70 DNL in 5 dB increments are shown in Table 1. In 
this table, Miedema and Oudshoorn and CTL both have separate equations for road traffic and air traffic. 
CHABA and FICON each use their own single equation for all modes of transportation; planes, trains, 
and automobiles. Research has conclusively shown that aircraft sound is more annoying than other sound 
for the same numerical value, which implies that the DNL values Schultz, CHABA, and FICON attribute 
to a corresponding percentage of high annoyance must be biased high for use with road traffic. And 
conversely, the %HA for aircraft noise must be biased low. Part A of Figure 2 shows the five functions 
described for road traffic noise, and Part B shows the five functions described for aircraft noise. From the 
figures, it would seem that the biased low is a much stronger factor than the biased high. In fact, from the 
data, one would be tempted to say there is no bias high, but from the logic, this seems to be impossible. 
As shown in Figure 2A, the Schultz, CHABA, and FICON curves fit somewhat closely to the road traffic 
curves, but understates the %HA value. For aircraft noise (Figure 2B), %HA values are understated by a 
very large amount, nominally 15%. 

 
 
 
 

 
Table 1: %HA values at different DNL levels for 5 sources 

 

There is no doubt that both Schultz and CHABA represent excellent researchers and excellent 
organizations. Their results differ from more recent results by Miedema and Oudshoorn, Fidell, and 

ROAD:

Group M&O CTL CHABA FICON SCHULTZ

50 3.8 0.7 2.3 1.7 1.3

55 6.6 3.1 4.6 3.3 3.9

60 10.6 8.6 8.7 6.5 8.5

65 16.5 17.6 15.2 12.3 15.2

70 25.1 29.2 24.5 22.1 24.6

AIR:

Group M&O CTL CHABA FICON SCHULTZ

50 5.3 3.1 2.3 1.7 1.3

55 11 8.6 4.6 3.3 3.9

60 18.6 17.6 8.7 6.5 8.5

65 27.8 29.2 15.2 12.3 15.2

70 38.5 41.9 24.5 22.1 24.6
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Schomer. The only conclusion one could come to is that the two databases being analyzed are not the 
same, and that is known to be the case. The database used by Schultz contained 11 clustering surveys, of 
which six were aircraft, four were road traffic, and one was railroad. In contrast, the three more recent 
curves are based on a much larger database. Fidell used 43 aircraft surveys for his work, and Schomer 
used 39 road traffic surveys and 11 railroad surveys, totaling 93 surveys used to create the CTL method. 
Miedema and Oudshoorn is based upon a similar quantity of data. A large quantity of the data is used 
both for CTL and Miedema and Oudshoorn. For a variety of reasons, the authors of this paper will use the 
methods based on the larger database, Miedema and Oudshoorn, CTL, and CHABA.  
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Figure 2A: 5 curves for determining %HA for road traffic noise 

 
Figure 2B: 6 curves for determining %HA for aircraft noise  
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5.WHAT IS THE ACCEPTABLE LIMIT FOR PERCENT HIGHLY 

ANNOYED (%HA)? 

 

 
A. ESTABLISHING A FUNCTION FOR %HA vs DNL  
 

Since the purpose of this report is to establish data and relations for the selection of a wind turbine 
noise criterion. In this section, four independent methods are given with which to establish a relation by 
which to judge wind turbine noise annoyance. During at least the last several years, it has been common 
to use road traffic noise as the “yardstick” by which other noises are measured. Miedema and Vos (1997), 
Miedema and Oudshoorn (2003), Fidell et al. and Schomer et al., as well as ISO 1996-1 all use road 
traffic noise for this purpose. 

 
In 2005, Schomer examined the metrics and criterions used by nearly every federal agency and board, 

by recommendations in national standards, and by international recommendations such as those made by 
the World Health Organization. These, and multiple other sources agree to 55 DNL as an acceptable 
criterion for road traffic noise. Therefore, we will use 55 DNL as our intermediate criterion. The term 
“intermediate” is used because the real issue is annoyance and not decibels. It is very common to relate 
%HA to decibels, but it is almost always decibels that are measured and not annoyance. For a DNL of 55 
dB, 4 different estimates of %HA were found in the literature. CTL equates 55 DNL with about 3% HA, 
Miedema and Oudshoorn equates 55 DNL with about 7% HA, for road traffic and aircraft noise 
separately, and CHABA predicts about 5% for a DNL of 55, for both air and road traffic combined. 
Herein, we will be using the average of these four estimates, which is 5%.   

 
B. CHOOSING A CRITERIA 
 

1. The first method, the method that is dependent on %HA, relates the data from  
Health Canada to the 5% value established above. Michaud et al. (2013) writes that “Consistent with 
Pedersen et al. (2009), the increase in wind turbine annoyance was clearly evident when moving from 
[30–35) dB to [35–40) dB, where the prevalence of wind turbine annoyance increased from 1% to 10%. 
This continued to increase to 13.7% for areas where WTN levels were [40–46] dB.” Michaud relates 3 
different values for %HA values with 3 corresponding decibel levels: 1%HA is related to 32.5 dB(A), and 
10%HA is related to 37.5 dB(A). Therefore, 5%HA would be related to a value between 32.5 and 37.5 
dB(A), most likely around 35 dB(A). With this method, a 5%HA criterion is related to 35 dB(A). A more 
conservative criterion is given by the doubling of the %HA from 5 to 10%. For this second %HA limit, 
the corresponding dB(A) level is 37.5 dB(A). 
 
2. The second method compares CTL for road traffic noise to CTL for wind turbine noise. The average 
CTL for road traffic noise (Schomer et al. 2012) is 78.3 dB. In comparison, the average CTL for wind 
turbine noise is 62 dB. So, a 16 dB difference is found between wind turbine noise and the traffic noise 
“yardstick.” To complete this comparison, one must have a value for an acceptable DNL for road traffic 
noise. Here, a range of DNL is considered: 55-60 dB. Subtracting 16 yields a range of 39-44 dB for wind 
turbine noise. As per section II-B above, 6-7 dB is subtracted from DNL in order to calculate Leq. This 
subtraction yields a range of 32-38 dB as a limit for wind turbine noise.  
 
 
3. A third method to develop a criterion is to directly apply ANSI S12.9 Parts 4 and 5. Part 5 recommends 
a DNL of 55 dB for residential areas as a limit based on the start of impact. Part 4 recommends a 10 dB 
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penalty on the limits for quiet rural areas. Most wind farms are built in quiet rural areas, so this penalty is 
applicable in this case. In a quiet rural area, the DNL limit becomes 45 dB. But this is DNL, to get to Leq 
we must subtract 6-7 dB, so that the recommendation becomes an Leq of 38-39 dB.  
 
 
4. Data published by the Minnesota Department of Commerce, shown in Figure 1, give noise limits for 
sensitive rural areas and non-sensitive areas. As an example of land use designations, wind turbine noise 
limits in South Australia are based on the highest level applicable between: rural areas at 35 dB(A), non-
rural areas at 40 dB(A), or 5 dB(A) above background measured as L90. The average value of the noise 
limits for sensitive areas given by the Minnesota report is about 36 dB(A). 
 

6. ANALYSIS AND CONCLUSIONS 
 

Four independent data sources are used to create four estimates of an acceptable 24-hour A-weighted 
Leq criterion for wind turbine noise. Two methods use 5% highly annoyed as the estimated start of impact 
for a receiving person. The remaining methods examine both adjustments to a recommended DNL 
indicating start of impact, and an analysis of existing wind turbine noise limits. The four estimates of a 
criterion are listed below: 
 
1. 5% HA is shown to be a very approximate average to a criterion for %HA. In order to be conservative, 
the range from 5 to 10% is considered herein. Applying a 5% HA value to the Health Canada data gives a 
limit between 32.5 dB and 37.5 dB, or about 35 dB(A). Applying a 10% HA value to the Health Canada 
data gives a limit of 37.5 dB(A) (Michaud et al. 2016b). 
 
2. A 16 dB difference is found between the CTL for road traffic noise and WTN, and if the metric is Leq, 
then the difference between WTN and Leq is another 6-7 dB, for a total of 22-23 dB difference. 
Comparing the CTL for wind turbine noise to the CTL for road traffic at the lower limit of 55 DNL for 
road traffic suggests a limit of 32-33 dB(A). Comparing the CTL for wind turbine noise to the CTL for 
road traffic at the upper limit of 60 DNL for road traffic suggests a limit of 37-38 dB(A). 
 
3. Applying ANSI S12.9 Parts 4 and 6 to determine the level at which impact will start in a quiet, rural 
area gives a limit of 38-39 dB(A).  
 
4. The average of existing worldwide limits found in the Minnesota Department of Commerce report for 
sensitive areas is about 36 dB. 
 

As applicable, Table 2 lists the minimum, average, and maximum Leq criteria for wind turbine noise 
for each of the four methods above: 
 

 Minimum (dB) Average (dB) Maximum (dB) 
1-%HA  35 37.5 
2-CTL 32  38 
3-ANSI  38 39 

4-MN DoC  36  
AVERAGE 32 36.3 38.2 

Table 2: Minimum, average, and maximum Leq criteria 
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The average of the top-end values is about 38 dB(A) and the average of the middle values is about 36 
dB(A). The minimum level, 32 dB, is not emphasized. These four sets of independent data result in 
criteria recommendations that are remarkably close to one another, lending support to a 24-hour A-
weighted Leq wind turbine noise criterion in or around the range of 36-38 dB(A).  
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Health Effects from Wind Turbine Low 
Frequency Noise & Infrasound
Do Wind Turbines Make People Sick? That is the Issue.

Do wind turbines make people sick? That is a contentious is-
sue in licensing wind farms. In particular, low frequency sound 
emissions (infrasound and “pulsed” and steady low frequency 
sound) from wind turbines are blamed by opponents but vigor-
ously denied by project proponents. This leads to an impasse of 
testifying “experts,” and regulators must decide on the basis of 
witness credibility for each project, leading to inconsistent find-
ings. This article presents the opinions of four very experienced 
independent investigators with wind turbine acoustics over the 
past four decades. The latest Threshold-of-Hearing research down 
to 2 Hz is compared to today’s modern wind turbine emissions. It 
is jointly concluded that infrasound (0-20 Hz) can almost be ruled 
out, subject to completion of recommended practical research, and 
that no new low frequency limit is required, provided adequate 
“A”- weighted levels are mandated.

Claims of adverse health effects are made by individuals and 
organized community groups at some operating wind turbine sites 
located around the world. Adverse publicity is intense at about a 
dozen operating sites in the United States, the United Kingdom, 
Canada, Scandinavia and Australia. Health effects attributed to 
wind turbines include symptoms similar to those of motion sick-
ness, such as, dizziness, nausea, vomiting and a general feeling 
of discomfort or not feeling well. Sea sickness (a form of motion 
sickness) is well understood as a disturbance of the inner ear, and 
the cause is both obvious and indisputable. Motion sickness is more 
subtle and is caused by the brain receiving conflicting messages 
about what is seen by the eye as opposed to what is felt or sensed.1 
For example, air sickness can result from plane motion caused by 
invisible turbulence in the air. To date, no such similar connection 
has been found at wind turbine sites, although some residents claim 
they can sense when wind turbines become operational without 
benefit of sight or hearing.

It has now been demonstrated by multiple independent re-
searchers that wind turbines, like any other rotating fan, emit 
measurable tones at the blade-passing frequency (BPF) and up 
to about the fifth harmonic plus broadband noise. For a typical 
large three-bladed wind turbine rotating at 16 RPM, the BPF and 
harmonic tones are at frequencies of 0.8, 1.6, 2.4, 3.2, 4 and 4.8 Hz. 
These very-low-frequency tones are commonly called infrasound, 
defined as low-frequency noise in the 0-20 Hz frequency range. 
A better definition used by one of the authors is “pulsed LFN,” 
since the tones result from analysis of pulses produced by tower 
blade interaction. The 0-20 Hz measurements are all well below 
the threshold of hearing, as established by the latest research at 
frequencies down to about 2 Hz. But it might at least be asked: Are 
the pulses the invisible source of conflicting messages to the brain? 
Reference 1 states that messages “are delivered from your inner 
ear, your eyes (what you see), your skin receptors (what you feel) 
and muscle and joint receptors,” but there is the open question 
of whether the low levels of pulsed LFN or infrasound from wind 
turbines excite any of these receptors.

Permitting authorities for new projects must evaluate adverse 
health effect claims presented as proven factual data by opposi-
tion forces, countered by project advocates that state no physical 
link to health effects has ever been demonstrated at wind turbine 

sites. This debate has now raged for at least a decade and is now 
at an impasse.

It has been the first author’s privilege and pleasure to associ-
ate and collaborate with three prominent co-author scientists in 
the wind turbine acoustical field. All four authors do not doubt 
for a moment the sincerity and suffering of some residents close 
to wind farms and other low-frequency sources, and this is the 
reason all four would like to conduct, contribute or participate in 
some studies that would shed some light on this issue. It must also 
be said that it is human nature to exaggerate grievances and that 
some qualitative measure must be made available to compensate 
affected residences.

The first author has asked each co-author to independently sum-
marize their opinions and recommendations on how the current 
impasse can be broken.

Current Research on the Threshold of Hearing
Research to measure the threshold of hearing at low frequencies 

can be summarized in one graphic (see Figure 1). The highest and 
lowest gray bars encompass the results of 10 studies over the listed 
30-year period that is nicely shown in the Noise & Health Journal.2 
These are the min. and max. at each 1/3-octave-band frequency for 
any of the 10 studies. The graphic also plots ISO 226:2003(E) that 
covers the entire audible range from 20 Hz to 12,500 Hz (plotted to 
1000 Hz). The green line comes from Project EARS funded by the 

George Hessler, George Hessler Associates, Inc., Haymarket, Virginia
Goeff Leventhall, Consultant., Ashtead, Surrey, United Kingdom
Paul Schomer, Schomer and Associates, Inc., Champaign, Illinois 
Bruce Walker, Channel Islands Acoustics, Camarillo, California  

Figure 1. Research summary for determining threshold of hearing at low 
frequencies.
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European Union3 and represents “acceptance levels” based on the 
10% percentile hearing threshold values determined in the EARS 
Project and is the latest research on the subject.

Defining the Problem
How does ILFN from a modern wind farm compare to the above 

summary? Figure 2 replots the contents of Figure 1, all in blue, 
and adds the measured spectra and overall levels at three loca-
tions from a study4 funded by Clean Wisconsin (an environmental 
organization) and the state of Wisconsin. This study was carried 
out at a wind farm located among residences in a quiet environ-
ment of residences and farmland, typical of wind farm sites in the 
American midwest and northeast. Response at this site has been 
adverse, to say the very least. The three plots are near residences 
reported to be abandoned due to adverse health effects. Several 
things may be deduced form this plot.

First, the wind farm was designed to a standard of 50 dBA at 
nonparticipating residences, and that level is not endorsed by any 
of these four authors. All of us have been at or near 40 dBA for many 
years. Had 40 dBA been used, there would not be a wind turbine 
as close as 1100 feet at R2, where a level of 48 dBA was measured. 
Wind turbine sound was readily detectable by the test engineers 
at R2, but not at R1 and R3 where levels are less than 40 dBA. 

Second, the levels at all the residences in the infrasound range 
(0-20 Hz) are far below perceptible levels in this range. This 
strongly suggests the source of any message to the brain is not 
from wind turbine infrasound directly but may occur as audible 
LFN or pulsing LFN at the blade-passing frequency well inside 
the infrasound range. 

Third, a wind turbine is not a classic LFN noise source – a 
source heavily weighted with LFN. Such sources typically have 
C-weighted levels 15 or 20 dB above A-weighted levels. Observe 
from the plot that C-weighted levels are both relatively low (<60 
dBC) based on typical C-weighted guidelines, and the C-A differ-
ential is less than 15 dB.

To understand just how difficult this issue is, consider that the 
residents (husband, wife and young baby) at R2 experienced their 
child awakening at night screaming, but not on nights away from 
home. The wife was highly annoyed, and the husband had “no 
problem at all” with wind turbine sound. Add to this that there 
is a home across the street, the same distance and direction from 

the turbine, but the owners accept “good neighbor” payments. 
Could any payment be enough if suffering serious health effects?

And last, there are thousands of landowners that lease their 
land for wind turbines and live very close to turbines. It is hard to 
abandon the notion that higher levels closer to the source should 
produce higher levels of affected residents, but a recent large-scale, 
long-term measurement survey in Australia showed no correlation 
between complaint locations and measured levels.

It would seem one promising direction of a study could be 
extensive interviews of such folks exposed to high levels of wind 
turbine noise that could reveal common symptoms and/or the 
number of folks seriously affected.

Opinions and Recommendations of Geoff Leventhall
Wind Turbine Noise and Health. Wind turbine noise spans a 

range from below 1 Hz up to 10 kHz or more. A one-third-octave 
spectrum typically drops off at between 4 dB/octave and 6 dB/
octave. Blade-passing tones are added into the falling spectrum in 
the range from about 1 Hz to 7 or 8 Hz and have normally disap-
peared from the spectrum by 10 Hz, although they may reappear 
at a low level at higher frequencies. (Zajamšek, Hansen et al. 
2016). The high correlation between wind turbine dBA and dBC, 
(Keith, Feder et al., 2016) is explained by this generalized falling 
spectrum from infrasound to high frequencies, also described by 
Tachibana et al., who found 4 dB  per octave fall-off (Tachibana, 
Yanob et al., 2014).

Sound level at nearest residential distances of, say 500 m, may 
be around 60 dB at 10 Hz, while the hearing threshold is close to 
100 dB at this frequency. A falling spectrum of 6 dB/octave (20 
dB/decade) gives 80 dB at 1 Hz for a level of 60 dB at 10 Hz. The 
hearing threshold is not well known at 1 Hz but is likely to be about 
130 dB, since measurements have shown a threshold of 120 dB at 
2.5 Hz (Kuehler, Fedtke et al., 2015)

Levels of wind turbine infrasonic blade tones are well below 
our normal hearing threshold, while at higher frequencies, say 
30-50 Hz, the blade harmonics, if present, may approach median 
threshold. (Zajamšek, Hansen et al., 2016).

Wind turbine sound fluctuates due to short-term variations in 
propagation, with typical maximum fluctuations of about 15 dB 
(Bray and James 2011). Wind turbine low-frequency noise normally 
becomes just audible to the average listener at frequencies above 
40-50 Hz. Higher audible frequencies, 250-1000 Hz from aero-
dynamic noise may vary in level at the blade-passing frequency, 
giving amplitude modulation (swish) of about once per second. 
Frequencies in the higher kilohertz range are heavily attenuated 
by air absorption and are not normally a factor in wind turbine 
noise at residences.

Does wind turbine noise, as experienced at typical residential 
distances, affect health through either direct or indirect mecha-
nisms? There is wide variation in human response to audible 
noise, especially to low levels of noise like that produced by wind 
turbines, but these low levels are not known to have direct and 
adverse physiological effects on the body. The term “physiological 
effects” must be used carefully, since any response to a stimulus 
is a physiological effect. The great majority of these responses are 
harmless, beneficial or essential to our proper functioning.

Figure 3 shows a simplified diagram of the hearing process, 

Figure 2. Typical wind turbine spectra and levels compared to threshold of 
hearing at low frequencies.

Figure 3. Response process (left) and range of responses (right).
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leading to perception and response to a noise (Leventhall 1998). 
Input noise is detected, stimulating perception via the auditory 
cortex. Response, the reaction to perception, is very variable, as 
in Figure 1, depending on many personal and situational factors 
and conditioned by both previous experiences and current ex-
pectations. Response to the same noise from within a large group 
might range from passive acceptance (I can hear it, but it does not 
bother me) to aggressive resentment (I can’t stand this noise – it’s 
ruining my life).

Daytime disturbance by noise leads to irritation and aversion, 
while sleep disturbance may be an additional night effect, although 
investigations have shown similar numbers of poor sleepers and 
good sleepers both close to and remote from wind turbines (Nis-
senbaum, Aramini et al. 2012) (Jalali, Nezhad-Ahmadi et al. 2016) 
(Michaud, Feder et al., 2016). Cognitive behavioral therapy reduces 
disturbance from noise through a process of desensitization and 
can improve sleep and quality of life (Leventhall, Robertson et 
al., 2012).

The main effect of low levels of unwanted audible sound is 
creation of hostile reactions and negative thoughts, leading to 
stress and to the adverse health effects that might follow. Stress 
has different intensities, ranging from cataclysmic events (war and 
earthquakes), to acute personal stress (bereavement), and to chronic 
low level stress (long-term illness or persistent personal problems) 
(Benton and Leventhall, 1994). Stress from wind turbines, if it 
arises, is normally low level but, in a very small number of people, 
it may become intense and overpowering so that opposition to wind 
turbines is the dominating emotion in their lives. Unfortunately, 
concentrating attention on an unwanted noise aggravates any prob-
lems. Anticipatory stress also occurs following approval of a wind 
farm, although it has not yet been built, and a few anxious residents 
may experience similar symptoms to those that they believe to be 
associated with an active wind farm (Mroczek, Banas et al., 2015).

Reaction to noise, especially low-level noise, is largely con-
ditioned by attitudes to the noise and its source. Noise level 
contributes only about 20-30% of the total annoyance from noise 
(Job, 1988), while feelings, fear and opinions shape many of our 
responses, influencing tolerance levels. Negative emotions give an 
additional impact to an unwanted stimulus. The attitudes of nearby 
residents toward wind turbines is a major factor in the effects that 
turbines may have on their health (Rubin, Burns et al., 2014). It has 
been shown that sham exposures to infrasound, (Crichton, Dodd 
et al., 2014) or to sham electric fields (Witthoft and Rubin, 2013) 
produce symptoms in those who have been primed to expect an 
effect from exposure. The human being is clearly very complex in 
its reactions to physical and psychological stimuli.

Infrasound has a special place in discussions of the health effects 
of wind turbines, with many claims centered on direct pathological 
interactions, initially fostered by media scare stories originating in 
the 1960s and still continuing (Leventhall, 2013a).

In his 1974 popular science book Supernature, Lyall Watson 
described infrasound as causing deaths (“fell down dead on the 
spot”), while focused infrasound “can knock a building down 
as effectively as a major earthquake.” This is unfounded, but an 
aura of mystery and danger persists around infrasound deep in 
the minds of many people, where it waits for a trigger to bring it 
to the surface. A recent trigger, heavily manipulated by objectors 
and media, has been wind turbines (Deignan, Harvey et al., 2013).

A concept from psychology is the “truth effect,” which explains 
how we can develop belief in false statements through their repeti-
tion by others (Henkel and Mattson, 2011).
•	 We believe statements that are repeated, especially by different 

sources.
•	 The path to our belief is made easier by each previous repetition.

Advertising and political propaganda are clear examples of the 
operation of the truth effect, which is also known as “illusory 
truth.”

We all also have our preferred beliefs. When there is a choice, 
we tend to believe what we wish to believe. We feel comfortable 
when our existing beliefs are confirmed, and if we have become 
antagonistic to wind turbines we readily absorb negative state-
ments about them.

Some objectors to wind turbines further their cause by generat-
ing anxiety on effects on health, particularly from infrasound and 
low-frequency noise, in populations close to proposed wind farms. 
Persistent repetition that infrasound from wind turbines will cause 
illness develops stressful concerns in residents, but repetition is 
neither evidence nor proof. However, a nocebo effect may occur, 
by which expectation of an outcome may lead to realization of that 
outcome (Chapman, Joshi et al., 2014).

There are a large number of coordinated objector groups working 
internationally. A web page (https://quixoteslaststand.com/) gives 
links to more than 2000 groups that share information on wind 
turbines, while some make unsubstantiated, anecdotal claims about 
their effects. However, there is no doubt that when stress is persis-
tent it may result in somatic effects in a small number of people 
who have a low-coping capacity, although the ability to cope can 
be enhanced (Leventhall , Robertson et al., 2012).

In considering infrasound and other sound from wind turbines, 
it is necessary to take a very analytical, critical, unemotional view 
of the topic and to remain free of the influence of incorrect, but 
frequently repeated, statements.

There is no evidence that inaudible infrasound from wind tur-
bines affects health, but there are indications from exposure tests 
that it does not (Tonin, Brett et al., 2016). Inaudible infrasound has 
not been shown to affect those exposed, but just audible infrasound 
has a sleep-inducing effect (Landström, Lundström et al., 1983).

Comparisons have been made of levels of infrasound from wind 
turbines at dwellings with the levels of infrasound that occur from 
man-made sources in urban and industrial areas and also levels 
that occur naturally in coastal and other regions. The infrasound 
exposure levels are similar (Turnbull, Turner et al., 2012).

There is a persistent microbarom frequency of about 0.2 Hz 
caused by interacting sea waves, which goes to high levels dur-
ing storms, propagating long distances over land. Microbarom 
six-hour averages have been measured in the region of 60-70 dB, 
while power spectral densities as high as 120 dB at 0.2 Hz have 
been observed (Shams, Zuckerwar et al., 2013). We are not affected 
by this infrasound, which is at higher sound pressure levels than 
wind turbine infrasound at 0.2 Hz.

Investigations to find a link between infrasound from wind tur-
bines and adverse physiological effects include work by Salt, who 
used high-level 5-Hz infrasound to bias the hearing of guinea pigs 
and noted that the outer hair cells (OHC) responded to this stimu-
lus. The response threshold was lower than the hearing threshold, 
which is determined by the inner hair cells. Salt used the single 
measurement as a point on an OHC threshold curve and deduced 
an OHC threshold for humans by considering the low-frequency 
mechanics of the ear and comparison of human sensitivity with 
guinea pig hearing sensitivity. The human OHC threshold was 
determined as 100 dB at 1.0 Hz, falling by 40 dB/decade, so that it 
meets the inner-hair-cell threshold at about 100 Hz (Salt and Hullar, 
2010). They conclude: “The fact that some inner ear components 
(such as the OHC) may respond to infrasound at the frequencies 
and levels generated by wind turbines does not necessarily mean 
that they will be perceived or disturb function in any way. On the 
contrary though, if infrasound is affecting cells and structures at 
levels that cannot be heard, this leads to the possibility that wind 
turbine noise could be influencing function or causing unfamiliar 
sensations.”

Wind turbine emissions are generally below the OHC threshold 
so that, under these circumstances, the threshold is not relevant to 
wind turbine infrasound. The effects of stimulation of the OHCs 
remain unknown. The OHCs are the main component of the 
cochlear amplifier and are continuously active, being the source 
of otoacoustic emissions (Ashmore, Avon et al., 2010). But wind 
farms at which nausea and similar effects are reported, may have 
a spectrum that is entirely below the Salt OHC threshold, so that 
it is not exceedance of this threshold that is the cause of distress.

Salt’s further publications, seeking to support the adverse effects 
of infrasound, use examples in which the frequencies and levels 
are higher than those from wind turbines (Salt and Lichtenhan, 
2014). As pointed out by Dobie, Salt and Lichtenhan, quote ef-
fects resulting from 30 Hz at 100 dB and 120 dB and from 50 Hz 
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at 85-95 dB (Dobie, 2014). These low-frequency pure tones are not 
directly relevant to wind turbine noise, which does not contain 
such high-level tones. Salt’s connection of his work to wind turbine 
infrasound is not yet convincing.

Over the past 45 years, popular culture has attributed a number 
of unpleasant, even fatal, effects to infrasound, but none has been 
sustained by evidence. Concerns on inaudible infrasound from cur-
rent designs of wind turbines commenced 10-15 years ago, linked 
to objections to the growth of wind farms, and have accelerated 
over the past 5-10 years. It is inevitable that, in the absence of 
good supporting evidence, these speculative claims will become 
discredited over the next 5-10 years.

At the present time, conclusions are:
•	 Audible wind turbine noise acts through annoyance and stress, 

which may lead to poor sleep quality, especially in hostile 
people. Hostility is heightened by the actions of objector groups. 
There is no known direct effect on health from the low levels of 
audible wind turbine noise. However, stress may develop from 
an individual’s reaction to the turbines.

•	 There is no established evidence that the inaudible infrasound 
from wind turbines affects health, but there are indications that 
it does not.

Opinions and Recommendations of Paul Schomer
Currently, I think this group of four find ourselves in the follow-

ing situation: We all agree that sound flowing through the cochlea 
is not the source of problems below the threshold of hearing. That 
statement leaves two of what I will call technical possibilities. One 
possibility is that there are pathways other than through the cochlea 
for the infrasound to get to the brain. A second possibility is that 
to date we have missed something in the audible sound range that 
is the source of problems or that both of these situations exist.

Are There Noncochlear Paths for Infrasound to Reach the 
Brain? The following is a relatively simple study that could test 
whether individuals who claim they can detect the turning on 
and off of turbines can actually do this without visual or audible 
clues. There are at least a few small groups in the United States, 
Australia, and Canada that claim to have this ability. The results 
could be that none of these people could detect the turning on 
and off, or it could be the reverse and everyone would be able to 
detect the turning on or turning off. It is likely that the result will 
be somewhere in between.

In Shirley, Wisconsin, there are residents who say they have this 
ability. This study could be readily performed in Shirley; however, 
it requires the cooperation of the energy company.

Suggested Test 1
Consider the two houses in Shirley where there is no audible 

sound; the R-1 house and the R-3 house. The residents of the 
houses, and others, who would be subjects, would arrive at the 
house with the wind turbines off. The test itself would likely take 
0.5 to 2.5 hours to perform.

Sometime during the first 2 hours, the wind turbines(s) that had 
been designated by the residents as the turbines they could detect, 
might or might not be turned on. It would be the residents’ task to 
sense this “turn on” within some reasonable time designated by the 
residents – say 10 or 30 minutes. Correct responses, “hits,” would 
be correctly sensing the turbines being turned on, or sensing no 
change if they were not turned on. Incorrect responses, “misses,” 
would be failure to sense a turn on when the turbines were turned 
on, or “false alarms” would be sensing a turn on when the turbines 
were not turned on. Similar tests could not necessarily be done 
starting with the turbines initially on because the subjects, when 
sensitized, find it more difficult to sense a turn off. More informa-
tion about this test can be found in Schomer et al., 2015.

Possible Overlooked Audible Path. This pathway is predicated 
on several key facts described below. The main hypothesis is that 
the electric power being generated changes the acoustic signal 
without changing the A-weighted level. If the electric power cor-
relates better than A-weighted level to subject response, then this 
would indicate that the electric power being generated controls 
some aspect of the sound that the subjects are sensing. This is 

important for two reasons:
•	 The subjects are incapable of having detailed knowledge of 

the electric power. 
•	 If this is all true, it is something that is potentially correctable. 

Facts:
•	 Discussion with Geoff Leventhall. At one point when I sug-

gested to Leventhall that 30 and 40 years ago, the reported 
effects were very similar to today’s reported effects and that we 
had much the same problem, he remarked that the sound at that 
time period was low-frequency audible sound at around 40-50 
Hz. The problems with infrasound and low-frequency noise 
that occurred 30 and 40 years ago is that they produce the same 
symptoms as today, but were for frequencies in the 40-50 Hz 
range – not infrasound.

•	 Steven Cooper. Cooper finds and reports in his Cape Bridge 
Water Study that the subject’s response correlated better to the 
electric power being generated, to turbine operations hovering 
around cut in speed, and to large changes in the electric power 
being generated rather than to the acoustic signal. 

•	 Bruce Walker. “I did a lot of work with Hansen’s cleanest data 
set. When the extremely narrow band spectrum was plotted on 
a linear frequency scale, it conformed pretty well to sin(x)/x 
envelope with lobes at ZF, 30 and 45 Hz (more or less) and lines 
every blade-passing frequency. The lines in the 45 Hz lobe would 
combine into a wave packet that exceeded the audible threshold 
briefly once every blade pass. Walker added, “One thing I’ve 
observed with modern 100-meter rotors is that when producing 
power, the blades deflect axially to pass pretty close to the tower 
near the tip, into a region where the upstream flow deficit could 
be significant, though not separated as in downwind designs. 
Overly aggressive pitch programming could cause periodic brief 
stalls that might produce the requisite steep edge on the pulses.”

•	 Discussions at the ASA meeting in Salt Lake City. Discussions 
at the meeting made it clear that the frequency may not be 
limited to 45 Hz but may be based on the manufacturer and the 
specifics of the blades. It was also suggested that these frequen-
cies might interact with chest cavity resonances. Rainford and 
Gradwell (2012) find, using their procedure outlined in Rainford 
(2006) that the typical chest cavity has a resonance at about 50 
Hz. This does not seem to be a factor, since Leventhall reports 
that below 80 dBA, at 50 Hz there is no chest cavity response.

•	 George Hessler. The measurements at Shirely show a relatively 
constant noise being generated during the day and time of the 
R2 measurements. However, the measured acoustic level was 
1.5 dB below the expected level for full power with a Nordex 
N-100/2500 wind turbine, the turbine used at Shirley. Nordex 
literature reports that the acoustic output of the N-100/2500 is 
a constant for wind speeds measured at a height of 10 meters. 
At a wind speed of 4 m/s, the Nordex sound level is down 
about 1.0 dB from the maximum. Wind turbine noise vs. wind 
speed plots are unusual. As the wind speed increases from 0, it 
reaches a speed where the rotors of the turbine can start to turn. 
From this point, the noise from the turbine begins and goes 
up rather rapidly with increasing wind speed until it reaches 
a transition plateau where the sound level no longer increases 
with wind speed. However, the power generated by a wind 
turbine goes up much more gradually in power as a function 
of wind speed and only reaches its maximum several meters 
per second above the acoustic limit. The result is that for a very 
small change in sound level generated by the wind turbine, there 
can be a very large change in the electric power generated. This 
is true for the Nordex N-100/2500. Table 1 is compiled from 
Nordex literature and gives the relationship shown between 
acoustic power emitted and electrical power generated as a 
function of wind speed.

•	 Geoff Leventhall. Leventhall reports that the highest reaction to 
low-frequency sound occurs in the 40 to 50 Hz range. However, 
his data (Figure 4) show almost equal responses in the 30 to 40 
Hz range and the 70-80 and 80-90 Hz ranges.

•	 Shirley Report. The Shirley report shows levels of 25-30 dB in 
the 40-50 Hz range, and it shows room resonances and possibly 
some wall resonances. Room resonances are in the 35-100 Hz 

 
006487

ADMINISTRATIVE RECORD Page 222 of 285

- Page 1661 -



www.SandV.com38 SOUND & VIBRATION/JANUARY 2017

range. Wall resonances are typically in the 10-30 Hz range.
•	 Threshold of Hearing. The pulses, roughly one per second, that 

result from the blades passing the support tower, appear to 
have about a 10% duty cycle and would drop the threshold of 
audibility by about 8 to 10 dB. Figure 1 shows threshold of 
audibility based on several sources along with the lowest and 
highest levels of audibility at a given frequency. These levels 
are for continuous sinusoidal signals. With a 10% duty cycle, 
the thresholds go down by about 9 dB. For the most sensitive 
subjects, this indicates a threshold of hearing of about 31 dB at 
50 Hz to 35 dB at 40 Hz.

•	 Bruce Walker. Bruce Walker’s findings that the tone at 45 Hz was 
above the threshold of hearing stands in support of the theory 
that low-frequency audible sound exists in the vicinity of wind 
turbines and could be the source of problems. There is a pos-
sibility that these offensive signals can only be found using 
narrow-band analysis as Walker used. Constant bandwidth 
filters may be too broad.

•	 Steven Cooper. It is somewhat amazing that Cooper’s findings 
fit this situation so well. He found that the peoples’ responses 
correlated to large changes in electric power, turbine operations 
hovering around a cut in speed, and the absolute level of the 
electric power being generated better than to the acoustic level. 
Table 1 supports Cooper’s findings. The electric power changes 
gradually until full power is reached; the acoustic signature 
rises quickly and then becomes a constant. Please note that the 
subjects could know when the turbine was on or off, but the 
data in Table 1 clearly shows that there is no way to know what 
percent of the maximum electric power is being generated from 
any data available to the subjects. So the fact that the subjects’ 
responses correlated with the electric power, which is some-
thing the subjects could have no way of knowing, lends strong 
support to Cooper’s findings. The acoustic data during “large” 
transitions in percent of full electric power should be analyzed, 
since it could be a potential source of problems. 

•	 The Energy Company. Clearly, it would be nice to have trustwor-

thy confirmation of this analysis. To date, the power company at 
Shirley has not given any clear data on the actual power gener-
ated (or any other physical parameters, such as blade rpm, wind 
speed, or direction) for any time during our measurements. 
So we are limited to the indirect analysis of estimating a large 
change on the basis of a 1 dB acoustic change.
This all suggests that the Shirley signals would be slightly too 

low to trigger this chain of reactions. There are at least two pos-
sibilities. One possibility is that there are other undiscovered 
mechanisms and pathways. Another possibility is that the acous-
tic level is higher than we measured, because we measured on a 
quieter day. We do not know, because we do not have the physical 
parameters. Bruce Walker suggests that sufficiently high levels 
exist at some wind farms. Hessler’s relatively constant measured 
data suggests we are not at a low power. So it seems this is another 
conundrum, but again this is a needless problem that the power 
company could sort out.

Analysis and Hypothesis Development
Point 1: Suggests looking for something in the 40-50 Hz range 

as our possible “culprit.”
Point 2: Suggests that the electric power being generated is 

a very important parameter to a person’s response. As Table 1 
shows, the acoustic output is more or less constant over a wide 
range of wind speeds, but the electrical power being generated is 
changing with wind speed. It is true that the subjects in Cooper’s 
study could have known when the sound, hence the wind farms, 
were turning on and off, but they would have no way of knowing 
the electric power from the acoustical signal. This lends strong 
support to Cooper’s results.

Point 3: Suggests that there is a source of low-frequency audible 
sound that is produced each time a blade passes the support tower 
(or the low point of each blade during each revolution). The wind 
turbine blades flex so that the blade tips come closer to the sup-
port tower (the flex increases) as the electric power being gener-
ated increases. The reverse occurs as the power being generated 
decreases; the flex decreases and the minimum distance between 
the support pole and the blade tip increases. So, this particular 
sound increases and decreases in step with changes in the electric 
power being generated. 

The physical mechanism that is at work here is the same as a 
stick or pole placed in a river. The pole represents an object that 
can disrupt the regular flow. There is a big wake downstream as 
everybody knows, but if one examines the situation a  little 
more closely, you realize that there has to be pressure reflected 
upstream off this pole in the river, and that causes some distur-
bance upstream. The closer one is to the pole, the stronger the 
upstream reflection effect is. Much the same is happening with 
the wind turbine. As the blade gets closer to the support tower, 
it gets into more of this upstream disturbance.

In summary, there is a sound source that produces low-frequency 
pulses at the blade passage frequency, and the sound level of 
the source goes up and down in accordance with the amount of 
electric power being generated. The facts in this analysis indicate 
that this should be studied further, since this may be an important 
factor in the community response – both annoyance and other 
physiological effects. Moreover, the fact that this sound source can 
be controlled by the operator, to some degree, gives some promise 
to our ability to mitigate or eliminate this problem.

The hypothesis is that there is a frequency that will be char-
acteristic of a specific blade and manufacturer that based on the 
discussion at ASA appears to be in the 25-60 Hz range. This tone 
modulated at 1 Hz causes a  reaction in at least some people. This 
potential phenomenon should be able to be tested in a variety 
of ways, most of them quickly and inexpensively.

Suggested Test 1
Diary Test. Using a diary study, one could ask respondents to 

keep the following information: 
•	 When they are at home and awake.
•	 The times when they feel a sensation caused by the wind tur-

bines.

Figure 4. Unacceptability ratings for group of “specials” to noise stimuli.
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Table 1. Electric power (kW) and acoustic A-weighted power level (dB) both 
as functions of WS (m/s).

Wind Speed, Electricity Percent of Acoustical Power
  10 m m/s Generated, kW Full Power Level, A-weighted dB

 3* 34 1 95.5
 4 88 4 100.5
 5 237 9 103.0
 6 448 18 106.5
 7 738 30 107.5
 8 1123 45 107.5
 9 1604 64 107.5
 10 2043 82 107.5
 11 2321 93 107.5
 12 2467 99 107.5
 13 2500          100 107.5
 14 2500 100 107.5

* 3.5 m/s for electric power; 3.0 m/s for acoustic power.
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•	 If so, how strong is the sensation?
This information could be related with electric power generated 

and other physical parameters.

Suggested Test 2
Response Comparison. There are certainly some data that can 

be examined that were gathered in conjunction with peoples’ re-
sponses. Hopefully, the Cooper data will show if specific tones in 
this region are present, how strong they are, and how they compare 
with the peoples’ responses.

General Tests
The two following tests are more general and would aid in un-

derstanding the phenomenon we are dealing with.
•	 Direct Human Testing. Direct human testing could be done in 

laboratory and field settings but, as has been testified to, there 
may be a period of time for the symptoms to incubate. A good 
start on this is underway at the University of Minnesota.

•	 Direct Animal Testing. A cat or guinea pig’s ear could be used 
to test for reaction to wind turbine noise. Monitoring could be 
done on the nerve that emanates from the otolith and from the 
nerves emanating from the cochlea as a function of wind turbine 
sound amplitude both above and below the threshold of hearing.

Opinions and Recommendations of Bruce Walker 
Modern large wind turbines produce pressure fluctuations as 

the result of a variety of mechanisms. The time scales of these 
fluctuations range from minutes to milliseconds (conversely the 
frequency scales range from millihertz to kilohertz). Two aspects 
of wind turbine noise that have received significant attention over 

the past decade are amplitude-modulated broadband noise and 
quasi-periodic “thumps” generated by interaction between rotor 
blades and support towers. The focus of this review is the latter, 
which is most commonly identified as wind turbine infrasound 
(WTIS). In modern turbines, the time scale of this disturbance 
is on the order 1 second. However, the details of the individual 
disturbance events appear to hold the key to whether or not WTIS 
results in human response.

Modeling
There has been a temptation to model WTIS using the same 

techniques as for modeling audible sound: summation of spectral 
sound pressure squared from multiple point sources. At Wind Tur-
bine Noise 2011,5 the modeling issue was addressed by observation 
that the waveforms of WTIS were likely to be deterministic and 
therefore add coherently, so that the more correct modeling would 
be summation of time-domain sound pressures and subsequent 
computation of peak and average sound pressure levels.

For multiple turbine installations, this would produce a wide 
range of potential outcomes, depending on the relative synchro-
nization of the turbines. Figure 5 shows a hypothetical result for 
five turbines turning at random speeds over a narrow range. For a 
few minutes over a six-hour simulation period, peak levels over 
10 dB above the SPL predicted from pressure-squared summing 
were encountered. Receptors exposed to this momentary period of 
enhanced pulsation levels could be highly annoyed or awakened 
by it, while enforcement personnel might measure for hours and 
never witness it.

Measurement
There has been a temptation to measure WTIS using the same 

techniques as for measuring audible sound: time-averaged weighted 
levels and power spectra. Typical field measurement results are 
similar to those shown in Figure 6 acquired a few hundred meters 
from a 2-3 MW range turbine. Spectral peaks are seen at several 
multiples of the 0.75-Hz blade-passing frequency. The sound pres-
sure levels at each of these peaks is far below the generally accepted 
sensation threshold.

However, the putative blade/tower interaction genesis of the 
WTIS would suggest that the actual acoustic signal would be a 
sequence of relatively narrow pulses. Further, the unsteadiness of 
rotation speed would cause higher harmonic content of the signal 
to migrate among conventional PSD analysis bins and appear as 
broadband noise.

Figure 5. (a) Computed variations in SPL from a five-turbine array with 
unequal rotation rates relative to incoherent result; (b) expansion of larg-
est peak.

Figure 6. Example of field measurement data.
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Synthesis
An electro-acoustic system 

was assembled starting in 2012 
to synthesize periodic signals 
with fundamental frequency 
0.8 Hz and up to 65 harmonics 
in a residential bedroom. A 
photo of the system is shown 
in Figure 10, and a schematic 
of the test facility is shown 
in Figure 11. Three 18-inch 
“woofers” are driven by a DC-
coupled, 300-watt amplifier, 
excited by Fourier-synthesized 

waves from 16-bit, D-to-A converters. A second loudspeaker can 
provide synchronized amplitude-modulated, Dopplerized, audible 
sound if desired. An infrasound microphone is suspended above 
the evaluator’s head. The system was described in detail at Wind 
Turbine Noise, 2015.9

Spectra corresponding to variations on that shown in Figure 12 
were presented to a variety of volunteers at levels extending to ap-
proximately 15 dB above those reported from field measurements. 
Harmonic phases were adjusted to maximize or minimize signal 
crest factor and signal peak slope. If the upper limit of spectral 
content was 20 Hz or below, no evaluator reported any sensation. 
With the upper limit extended to 32 Hz and the level above 20 Hz 
spectrally uniform, one evaluator reported significant unease after 
a few minutes exposure. Subsequently, this evaluator reported 
unease when exposed only to amplitude-modulated audible sound.

In 2014, Hansen et al.,10 obtained field measurement data that 
displayed periodic spectral detail that extended to above 50 Hz, as 
shown in Figure 13. At ASA 2014 and Wind Turbine Noise 2015, 
Palmer11 showed correlations of resident response to nearby opera-
tions of turbines that depended on resident positions inside rooms. 
This suggested the possibility that the residents were affected by 
sound of frequency high enough to excite room resonances, typi-
cally 30-40 Hz and above.

The Hansen data were analyzed extensively and results pre-
sented in Wind Turbine Noise 2015.12 All spectral lines were 
separated by the turbine BPF, but in some ranges, the actual 
frequencies were not exact multiples of BPF. The mechanism for 
generating such a spectrum could be brief bursts of mechanical 
resonance once per blade pass or the effect of multiple turbines at 
slightly different speeds. The spectra were forced into a harmonic 
series and synthesized for evaluation. Because the reported power 
spectra lacked phase information, all harmonics were assumed to 
be at zero phase simultaneously.

Response
Threshold, annoyance and sleep interference were informally 

investigated using the full Hansen spectrum, then with high-pass 
filtering at 20 and 30 Hz and finally with low-pass filtering at 20 
Hz. In summary, high-pass filtering had no effect on any parameter, 
and low-pass filtering resulted in no response, even with 10 dB 
exaggerated levels.

The results of these informal tests were presented at Wind 
Turbine Noise 2015, with admonition that they represent small 
samples and relatively brief (10 minutes to 2 hours) exposure. It 
was recommended that more extensive similar investigations be 
undertaken.

Follow-Up
During Wind Turbine Noise 2015, and discussions with co-

authors, it appeared that the Hansen spectrum could be approxi-
mated by a uniform BPF harmonic series, weighted by a sin(pf/18)/
(pf/18) shape function.

The resulting waves and spectra are shown in Figures 14-16. 
Figure 16 demonstrates that once each blade-pass period, the sig-
nal harmonics from the third spectrum lobe may constructively 
combine, producing a periodic “thud” that at levels just slightly 
above hearing threshold, produces an illusion of infrasound that 
is devoid of actual infrasonic energy. Note that near 45 Hz, the 

At Low Frequency Noise 2012,6 Wind Turbine Noise 20137 
and ASA 2014,8 methods were described for capturing the wave 
form emitted by large wind turbines by synchronous sampling 
and ensemble averaging several-minute recorded samples from a 
three- and four-microphone array. These measurements confirmed 
that the emitted infrasound was confined to less than 10% of the 
blade-pass period, as shown in Figure 7. One set of measurements 
suggested that the phase of the BPF signal component depended 
on azimuth, as shown in Figure 8. The algorithms used to simulate 
synchronous sampling left too much residual jitter to retain time 
resolution better than approximately 50 ms.

Figure 7. Example ensemble average waveform and time derivative with 
wind direction 140° re mic orientation.

Figure 8. Example ensemble average waveform and time derivative with 
wind direction 60° re mic orientation.

Figure 9. Shaft-order spectrum for wave shown in Figure 8.

Figure 10. Loudspeakers for WTIS 
synthesis in 43 m3 test room.
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maximum SPL is 13 dB above Leq, so a measured spectral “hump” 
that appeared to be well below threshold could easily produce 
audible “thumps” that would be mistaken for infrasound. The time 
between the negative and positive peaks in the full-spectrum wave 
is 0.055 seconds, in which time the rotor blade tip would travel 
4.6 meters at 84 mps tip speed. This seems reasonable for the ap-
proximate width of the support tower or its bow wake, supporting 
blade/tower interaction as a genesis mechanism.

An observation from the idealized spectrum shown in Figure 
14 is that the phases of the components in the second lobe would 
be reversed relative to the first and third lobes. This detail was 
not followed in perception testing. In Figure 15, the effect of the 
phase reversal on the composite waveform is displayed. The crest 
factor and wave “sharpness” are clearly increased with the second 
lobe phase properly reversed. When reproduced at 10× frequency 

Figure 11. Layout of WTIS evaluation test room.

Figure 12. Generic WTIS spectrum used for initial evaluations.

Figure 13. Outdoor (a) and indoor (b) spectra of WTN measured by Hansen.

on loudspeakers, the properly phase-reversed signal is distinctly 
more impulsive sounding. The effect on perception at full-scale 
frequency is currently being explored.

Summary and Collective Recommendations
Disclaimer. The preceding sections are the sole and exclusive 

work of each author. There has been no attempt at editing or reach-
ing agreement among authors.

Areas Identified for Needed Practical Research
Simulation. Walker has demonstrated that wind turbine infra-

Figure 14. Spectrum of sin(x)/x-weighted BPF harmonics.
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Figure 15. Waveform of spectrum shown in Figure 14.

Figure 16. Wave-packet representation of third-spectrum lobe components.

Figure 17. Typical spectrum from a large, modern, , 3-MW wind turbine.

Figure 18. Calculated Lp spectra as function of distance.

sound and pulsed LFN, which may be upper harmonics of the 
Infrasound pulsations, can be mathematically defined, duplicated 
and simulated with loudspeakers for subject evaluator testing. A 
more formal and expanded set-up, perhaps at a university using 
student volunteers exposed to both low and high levels could es-
tablish the threshold of perception for both steady and pulsed LFN 
for the particular and unique source of environmental noise from 

wind turbines. Studies in this area are progressing in Australia.
Survey of Wind Turbine Projects Participating Residents. Land-

owners who lease their land for wind turbine installations may ex-
perience sound levels well in excess of proposed limits for normal 
siting practices and experience higher levels than nonparticipating 
neighbors. There should be an absolute wealth of information to be 
learned from these residents collected by a well-designed national 
survey. Such a survey must have the complete cooperation and 
possible sponsorship from the industries’ national representative, 
AWEA (American Wind Energy Association) in America and others 
throughout the world. The authors would like to suggest questions 
to any study team.

Noise Source Reduction. The designers and suppliers of wind 
turbines must make a continued and concerted effort to reduce 
noise emissions from their turbine designs. Reductions can be 
accomplished by a combination of blade design and operational 
software. A universal design goal based on measurable established 
standards (IEC-61400) for sound power level would encourage 
these efforts.

Perception Testing. Schomer suggests pathways that could sup-
port some test findings in America and Australia that suggest from 
statistical correlation that some residents could perceive wind 
turbine operation and/or operational changes without benefit of 
sight or audibility. A detailed discussion is offered on practical 
perception testing that could discover something unknown to 
us at this time and is highly recommended for implementation.

Discussion and Collective Conclusion
None of these opinions and recommendations answers the posed 

question: does ILFN from wind turbines make people sick? It is 
abundantly obvious that intense adverse response occurs at cer-
tain sites. Realistically, it is not even possible to answer the posed 
question to all parties’ satisfaction with practical research. For 
examples, a direct link to adverse health effects from yesterday’s 
tobacco and today’s excess sugar can be denied forever, because any 
research that could actually prove a link to all parties would take 
longer than forever and would be totally impractical. The wind 
farm industry must accept that there are enough worldwide sites 
that emit excessive wind turbine noise resulting in severe adverse 
community response to adopt and adhere to a reasonable sound 
level limit policy. Likewise, wind farm opponents must accept 
reasonable sound limits or buffer distance to the nearest turbine – 
not pie-in-the-sky limits to destroy the industry.

The A-weighted sound level is commonly used for assessing 
noise from wind farms as well as most all other large power genera-
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Table 2. Maximum allowable C-weighted sound level, LCeq, at residential 
areas to minimize infrasound noise and vibration problems.

 Normal Suburban/Urban Very Quiet Suburban or
 Residential Areas, Rural Residential Areas,
 Daytime Residual Level, Daytime Residual Level,
 L90 > 40 dBA L90 > 40 dBA

Intermittent day-only 70 66
or seasonal source 
operation

Extensive or 24 / 7 65 60
source operation 

Figure 19. Overall levels as function of distance.

tion facilities. Each author has been recommending the following 
limits for wind farm noise emissions for years: Hessler13 – 40 dBA 
design goal, 45 dBA max limit; Leventhall – 40 dBA; Schomer – 
35-39 dBA; and Walker – 45 dBA in high ambient areas but lower 
in lower area ambient locales. The authors have generally found 
that wind farms designed to a level of 40 dBA or a bit lower at 
nonparticipating residential receptors have an acceptable com-
munity response. Surveys at wind farm sites for a decade have 
consistently shown good statistical correlation between wind 
farm noise level emissions and the percentage of highly annoyed 
residential receptors (% HA).

The question arises if an A-weighted criterion alone is adequate 
to protect receptors from infrasound (IS), LFN and pulsed LFN 
shown to be present in large wind turbines. Figure 17 plots the mea-
sured spectrum from a typical, nominal, 3-MW wind turbine plus 
the most commonly used overall levels. Infrasound (IS), the highest 
overall level, is calculated by summing the bands 1-16 Hz (0.7-22 

Hz) and LFN by summing the bands 31.5-125 Hz for a frequency 
band of 22-177 Hz. Note that the overall C-weighted level and LFN 
levels are quite close together. Notice also that C-weighting filters 
out IS and would not be a good metric for assessing wind turbine 
IS but would be excellent for assessing LFN from wind turbines.

Hessler14 and Broner15 have recommended C-weighting limits 
for low-frequency industrial sources based principally on extensive 
experience with open-cycle combustion turbines. Both have con-
cluded independently that a level of 60 dBC is a desirable criterion 
to minimize adverse response from neighboring communities as 
shown in Table 214 and Table 3.15 the C-weighted level from wind 
turbines will always be comfortably below 60 dBC when emitting 
40 dBA or less.

Figure 18 illustrates the computed pressure spectra from 250 m 
(820 feet) to 64,000 m (40 miles). The calculation uses ISO-9613 
algorithms for hemispherical divergence, air absorption and ground 
effects assuming a 100-m hub height. Note that 3 dB/doubling 
distance in lieu of 6 dB is used for IS beyond 1 km as measured in 
the recent extensive Health Canada study. The reason for doing 
this calculation is to determine the overall levels with distance 
that is shown in Figure 19.

Looking at the octave-band spectra, it is apparent that the indica-
tor of a potential low-frequency noise problem, C-A level, should 
increase with distance, since the A-weighting level is reduced by 
excess attenuation while low frequency noise is not. The result 
is 11 increasing to 24 dB if the ambient is not considered in the 
calculation. However, when a macro residual ambient of 25 dBA 
is assumed, the quantity starts at 11 dB and actually decreases to 
zero, as shown on Figure 19. This classic indicator of a potential 
low-frequency problem when C-A reaches 15 to 20 dBC will not 
occur when assessing LFN at wind turbine sites.

Collective Conclusions
Our analysis illustrates that a wind turbine is not a classic LFN 

source; that is, one with excessive low-frequency spectral content. 
But a wind turbine is a unique power-generating source with spec-
tral content down to the 1-Hz octave band, emitting measurable IS 
in addition to LFN. Infrasound (IS, 0-20 Hz) from wind turbines 
can almost be ruled out as a potential mechanism for stimulating 
motion sickness symptoms. But to be thorough and complete, we 
recommend that one or two relatively simple and relatively inex-
pensive studies be conducted to be sure no infrasound pathways to 
the brain exist other than through the cochlea. Pending the results 
of these studies, we feel that no other IS or LFN criteria are required 
beyond an acceptable A-weighted level.
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Recommended noise level design goals and limits at residential receptors
for wind turbine developments in the United States
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Potential impacts from operational noise produced by wind turbines is a major
issue during the project planning and permitting process, particularly for
projects east of the Mississippi River in fairly populous areas.While still an issue
farther west, more buffer space and lower population densities sometimes make
noise less of a factor. In general, however, noise may be the principal obstacle,
from an environmental impact standpoint, to the more rapid growth of this
renewable energy source in the United States. Proposed projects are frequently
opposed on noise concerns, if not outright fear, usually aroused by the highly
biased misinformation found on numerous anti-wind websites.While significant
noise problems have certainly been experienced at some newly operational
projects, they are usually attributable to poor design (siting units too close to
houses without any real awareness of the likely impact) or to unexpected
mechanical noises, such as chattering yaw brakes or noisy ventilation fans. A
common theme at sites with legitimate complaints is that no one—not the
developer, their consultants or the regulatory authority—really understood the
import and meaning of the sound levels predicted at adjacent homes in project
environmental impact statement (EIS) noise modeling. This paper seeks to
address this lack of knowledge with suggested design goals and regulatory limits
for new wind projects based on experience with the design of nearly 60 large
wind projects and field testing at a number of completed installations where the
apparent reaction of the community can be compared to model predictions and
measurements at complainant’s homes. © 2011 Institute of Noise Control
Engineering.

Primary subject classification: 69.3; Secondary subject classification: 14.5.4
1 INTRODUCTION

Typical wind turbine generators (WTG) used today
are generally in the 1.5 to 3 MW range of electrical
generation capacity and all of them produce a moderate
amount of generally mid-frequency aerodynamic noise.
All are three-bladed with the rotor forward, or upwind, of
the supporting tower so that the blades do not pass through
the tower wake avoiding the low frequency noise issues
observed in the eighties1 by downwind blades. This
experience appears to have initiated the persistent but
incorrect idea that wind turbines are substantial sources of
low frequency noise, which, extensive field testing clearly

a) Hessler Associates, Inc., 3862 Clifton Manor Place, Suite
B, Haymarket, VA, 20169, USA, email:
David@HesslerAssociates.com.

b) Hessler Associates, Inc., 3862 Clifton Manor Place, Suite
B, Haymarket, VA, 20169, USA, email:
George@HesslerAssociates.com.
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shows, is not at all the case with modern units.
Subjectively, fairly close to a typical wind turbine,

one can observe a “whoosh” or “swish” sound with
periodicity of about 1 second generated by the
down-coming blade. While the “frequency” of this sound
is low at about 1 Hz this sound is not low frequency or
infrasonic noise, but rather a repeating, mid-frequency
sound (with its peak generally around 500 Hz).

This periodic sound becomes less distinct with
distance and, usually together with neighboring units,
blends into a more continuous low magnitude “churn-
ing” sound that is often likened to a plane flying over at
fairly high altitude; particularly since the sound tends
to fluctuate or fade in and out randomly in the same
way that aircraft noise is usually perturbed by the inter-
vening atmosphere. Wind turbine sound emissions
sometimes contain minor tones associated with
mechanical components (usually ventilation fans) but
almost never produce prominent “pure tones” per the
commonly used EPA definition2.
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2 POTENTIAL FOR ADVERSE NOISE
ANNOYANCE

Adverse impact in the form of annoyance and
complaints can occur if facility noise emissions signifi-
cantly exceed the prevailing environmental background
sound level, as with any power project. Because wind
turbine sites are typically in rural areas the existing
background sound level is often very low, even when
its dependence on wind speed and wind-induced
sounds is taken into consideration.

As an example, Fig. 1 shows over 2000 ten minute
residual measurements (LA90 Level exceeded 90% of
the time) over a 14 day survey at distances of 300 and
600 meters from an operating single wind turbine
compared to the average concurrent background level
measured at several off-site locations. Hypothetical noise
impacts exist wherever the turbine sound level signifi-
cantly exceeds the background level. In Fig. 1, the
maximum differential between the measured sound level
and the background level often occurs at night on nights
when the winds are fairly light. When it’s windy the differ-
ential and the perceptibility of the project is usually less
irrespective of time of day as wind generated sources of
environmental sound become more dominant.

This time-of-day dependency can be explained by
examining the typical wind speed gradient with eleva-
tion as a function of time of day. Figure 2 shows the
shear exponent, a term that corresponds to the curva-
ture of the gradient, measured empirically over a two
year period at a planned wind project site in the
Midwest. The shear exponent is low during the day
time hours due to atmospheric mixing resulting in a
more vertical gradient, as shown in Fig. 3, while the
exponent is significantly higher at night due to thermal
layering; a phenomenon that is more pronounced
during lower wind conditions. As described and
reported by van den Berg3, at night the upper elevation
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wind speed can be high enough to operate the turbine
while at ground level it is quite low, which can lead to
relatively low sound levels, such as those observed
most nights in Fig. 1.

It can be concluded from these data that the potential
for annoyance is most likely during the evening and
nighttime and less likely during the day implying that
any design goal or regulatory limit should focus on the
nighttime sound level.

As a final note on background levels, Fig. 4 shows a
typical set of natural background sound levels (without
any turbine noise) measured in a quiet rural environ-
ment plotted as a function of wind speed at a typical
hub height elevation of 80 m. Modern wind turbines
begin to produce power at a cut-in speed of roughly
3 m/s. The red lines on this graphic show an analytical
model by Donovan4 where the background sound has two
components: the residual level (shown here at 38 dBA)
and the wind generated level plotted as the 6th power of
wind speed, which would be expected from a
flow-induced acoustic source.The logarithmic summation
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of these two components would closely track the mean
linear trend of the measured data (black line).

3 NOISE LIMITS FROM THE
LITERATURE

3.1 World Standards and Guidelines

The World Health Organization (WHO) published
the following 1999 guidelines5 for community noise in
residential environments:
55 dBA Leq Daytime Levels: “Serious Annoyance, day-
time and evening”
50 dBA Leq Daytime Levels: “Moderate Annoyance,
daytime and evening”

Fig. 3—Typical wind profiles for day and night per
for IEC 61400.
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45 dBA Exterior/30 dBA Interior Leq Nighttime Levels:
To avoid sleep disturbance issues.

The nighttime sleep disturbance threshold has
recently been reexamined by the WHO (2009)6 and has
been lowered from 45 dBA to 40 dBA outside of
residences. No inside value is specified. The level is
expressed as a design target to protect the public. Consid-
ering this guideline, nighttime sound levels from wind
developments outside of residences should be generally
targeted at 40 dBA as an ideal design goal to avoid sleep
disturbance issues.

3.2 World Wind Turbine Noise Limits

Wind turbine development in European countries
and in other parts of the world has been proceeding for

The figure also shows the measurement location
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some time now while widespread development has
only really started in the United States within the last
5 years or so. Thus, the question of allowable limits
specifically for wind turbines has already been addressed
by a number of other countries. Storm7 presents a
summary of world standards in Tables 3 and 4 of his
paper, the core of which is reproduced here in Table 1.

3.3 U.S. Federal Standards

The U.S. federal government issues no standards for
industrial noise but does promulgate noise regulations
for major transportation systems. These regulations by
the Federal Aviation Authority (FAA) and the Federal
Highway Administration (FHWA) are fundamentally
predicated on the idea that some noise annoyance is
justified or offset by the public good provided by the
systems. Generally, acceptable regulatory levels in the
60 to 65 DNL (day night sound level) range have been
shown to “highly annoy” approximately 10 to 20% of
affected residential receptors. However, these
published standards are not particularly useful for wind
turbine noise emissions, since the public good of a new
power plant or industrial facility is not obvious to its
immediate neighbors, and conscientious owners would
ideally want no annoyed neighbors.

The U.S. EPA Office of Noise Abatement was
unfunded in the late seventies but did issue a landmark
report suggesting guidelines for environmental noise in
residential communities from all environmental
sources. The report8 is often referred to as the “Levels”
document for short and has become a de facto standard

Table 1—Typical worldwide wind turbine noise lim

LOCATION
CRITERIA
VALUE(S)

ALBERTA, CANADA 50D/40N
QUEBEC, CANADA 45D/40N
ONTARIO, CANADA 45D/40N

MANITOBA, CANADA 60D/50N
MANITOBA, CANADA 55D/45N

DENMARK 40
GERMANY 60D/45N

55D/40N
50D/35N

NETHERLANDS 40D/30N
NEW ZEALAND 40
NEW ZEALAND AMBIENT+5

UK 43N
UK 35–40 (37.5 FOR AVERAGIN
UK AMBIENT+5
UK 35

ARITHMETIC AVERAGE 45D/40N
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for such organizations as the World Bank and others.
Unfortunately, this report is often misused and the cited
recommended level of DNL=55 dBA for residential
land use is commonly interpreted as an acceptable crite-
rion level for new noise sources in any type of residential
environment—whereas the intent was to provide a guide-
line, or national goal for total environmental noise
(ambient noise including all industrial and transportation
sources). The report acknowledges that no cost-benefit
analysis was performed.

In addition, the report clearly indicates that the level
of DNL=55 dBA is applicable to an urban residential
background and must be normalized to the specific
environments under consideration to obtain an acceptable
level of correlation between DNL and community
response. Without background normalization, correlation
is very poor based on the analysis presented in the levels
document and elsewhere. This is no surprise since a level
of DNL=55 dBA cannot be expected to be satisfactory at
the same time in both a very quiet rural and noisy urban
residential setting. Schomer9 suggests that an adjustment
of 10 dBA should be subtracted for quiet rural environ-
ments and perhaps another 5 dBA if the project is newly
introduced into such a long-standing quiet setting.

For a steady source, which a wind turbine could be
broadly considered, a level of 39 dBA would be equiva-
lent to DNL=55 dBA if reduced by 10 dBA; or 34 dBA
if reduced by 15 dBA to compensate for a very quiet rural
setting.

The EPA did conclude in the levels document that an
outside sound level of 45 dBA at night (10 p.m. to 7

METRIC FEATURES
dBA
dBA
dBA

MAX dBA MAX ACCEPTABLE
MAX dBA MAX DESIRABLE
Leq dBA DAY AND NIGHT

dBA MIXED RESIDENTIAL/COMMERCIAL
dBA GENRAL LIVING AREAS
dBA PURE LIVING AREAS (1)

Leq dBA
L90 dBA PRIMARY, WHICHEVER
L90 dBA IS GREATER

dBA
dBA FOR LOW NOISE ENVIRONMENTS
dBA DAY AND NIGHT
dBA AVOIDS AMBIENT STUDY

(1)-USE FOR AVERAGING
its.

G)
97 
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a.m.) is adequate to preclude sleep-interference issues.
This was based on a typical noise reduction of 10 dBA
with open windows that would result in an interior
bedroom level of 35 dBA. The much later work by the
WHO mentioned above now recommends an exterior
background level of 40 dBA to avoid sleep issues.

Considering the EPA guidelines as published in the
seventies and later analysis, DNL levels from wind
developments outside of residences should ideally be
targeted at DNL=45 dB, or preferably 5 dBA less. A
DNL level of 45 dBA is equivalent to 45 dBA
day/35 dBA night or a steady 24 hour level of 39 dBA.
A 45 dBA CNEL (Composite Noise Equivalent Level
with a 5 dBA evening weighting) would be even more
ideal at 45, 40 and 35 dBA for day, evening and nighttime
levels, respectively.

3.4 State Standards

Just over a dozen states have codified regulations,
zoning guidance or siting standards, presented in Table
2, that fundamentally have the same result as regula-
tions for industrial noise. Most allow a higher limit for

Table 2—Tabulation of state nighttime noise regula

STATE

NOISE LIM
RESIDENTIAL RE
“A” WTD. EMISSI

MARYLAND 55
DISTRICT OF COLUMBIA 55

DELAWARE 55
ILLINOIS 51

CONNECTICUT 51
MINNESOTA 51
NEW JERSEY 50

OREGON 50

COLORADO 50
MAINE 45

MASSACHUSETTS 40

WASHINGTON 39

CALIFORNIA 38

NEWYORK 38

MEAN STATE NIGHTTIME LIMIT: 50
AVERAGE STATE NIGHTTIME LIMIT 47.7
98 Noise Control Eng. J. 59 (1), Jan-Feb 2011
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daytime hours. The nighttime limits for industrial noise
sources are tabulated in Table 2 for fourteen states. For
the three states using an ambient based limit (CA, MA
and NY), we use a representative background level of
33 dBA as an approximate, if somewhat conservative,
design datum.

Clearly, there is a large variance, ranging from
38 dBA to 55 dBA, in what is considered “acceptable”
for nighttime noise emissions at sensitive receptors. Not
all can possibly be appropriate.

It should also be mentioned that the units and time
periods of measurements for “emission limits” are not
always well defined and one must refer to the actual
standard for guidance.

Eight states use absolute ‘maximum emission limits’
for daytime and nighttime hours that are applicable at
residential receptors regardless of the acoustic environ-
ment in those areas. While simple to codify and
enforce, it is illogical that the same level could be satis-
factory for any residential environment ranging from
noisy urban to quiet rural residential locations. The
state of Maryland10 acknowledges this and has found

s and siting standards.

TORS
EVEL COMMENTS

EMISSION LIMIT, ANY AMBIENT
EMISSION LIMIT, ANY AMBIENT
EMISSION LIMIT, ANY AMBIENT
EMISSION LIMIT, ANY
AMBIENT-EQUIVALENT A-WTD LEVEL FROM
SPECIFIED OCTAVE BANDS
EMISSION LIMIT, ANY AMBIENT
EMISSION LIMIT, ANY AMBIENT
EMISSION LIMIT, ANY AMBIENT
L50 IN ANY ONE HOUR IN “QUIET”
ENVIRONMENTS
EMISSION LIMIT, ANY AMBIENT
50 dBA WHEN AMBIENT LEQ�35 dBA, 45 dBA
BELOW (USE Leq=33 dBA)
MAXIMUM OF 5 TO 10 dBA ABOVE LOWEST
L90 AMBIENT (USE MIN L90=33+7 dBA)
EMISSION LIMIT DEPENDING ON RURAL (39)
OR RESIDENTIAL (42) ZONING
MAXIMUM OF 5 dBA ABOVE L90 AMBIENT
(FOUR QUIETEST CONSECUTIVE HOURS, USE
MIN L90=33 dBA)
MAXIMUM OF 5 dBA ABOVE UNDEFINED
AMBIENT (USE MIN L90 OR Leq=33 dBA)
tion

IT AT
CEP

ON L
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that fully 50% of excessive noise complaints occur in
situations where the noise source is in compliance with
the State’s regulations. Maine and Washington
acknowledge differing ambient environments by
including a clause that reduces the allowable emission
limit for “quiet” areas in Maine and “rural” areas in
Washington.

The states of New York, Massachusetts and Califor-
nia use ambient-based emission levels, i.e., the allow-
able emission level is calculated based on a prescribed
increase to the existing ambient, or background sound
level. An ambient-based method is based on the
perception of the new sound in the specific residential
community. A perception-based method is clearly a
better approach than a single absolute limit, and, in
fact, many years of experience have shown that this
approach is working well in these three states. Based on
an assumed generic background level of 33 dBA for
rural areas where wind projects are usually sited, the
effective design level for a new project would range from
38 to 40 dBA in these three states.

3.5 Local Standards

Finally, it should be mentioned that countless
counties and local municipalities have enacted noise
laws and ordinances specifically with respect to wind
turbine projects—usually in response to a proposed
project. Most commonly an absolute limit of 50 dBA is
prescribed. Field experience, which is discussed in further
detail in Sec. 4, indicates that such a limit is insufficient to
avoid annoyance from wind turbine noise if the actual
project sound level closely approaches this limit.

3.6 Summary of Existing Guidelines and
Standards

Table 3 summarizes the general noise limits and
guidelines from all known existing entities domestic
and foreign that would be relevant to typical wind
turbine projects in rural areas.

Table 3—Summary of existing guide
wind projects.

Source Effect
WHO 40 dBA Nig
Consensus of Int’l Limits
Specifically on Wind Turbine
Noise

45 dBA Day

U.S. EPA 45 dBA Day
State Standards 38 to 40 dB
Noise Control Eng. J. 59 (1), Jan-Feb 2011

- Page 1
4 DIRECT EXPERIENCE AND PREVIOUS
ANNOYANCE STUDIES

It is only through field experience testing newly
operational wind projects that the actual community
reaction can be directly compared to the sound levels
produced by a project. Over the last few years we have
had the opportunity to conduct sound surveys at 8 new
operational wind turbine sites, of which 7 may be
considered representative of the typical U.S. domestic
project in the sense that a fairly large number of
turbines (50 to 100) are sited over a large area within
which there is a fairly uniform distribution of farms
and homes; i.e., the turbines and residences are
thoroughly intermixed. Out of these 7 typical project
sites long-term sound monitoring surveys were carried
out at 5, usually over a 2 to 3 week period. The princi-
pal objective of these surveys was to determine whether
the projects were compliant with the applicable regulatory
noise limit (usually 50 dBA) but they also afforded
important opportunities to quantify the sound levels
produced exclusively by the project at a number of the
closest homes and to compare these measurements with
model predictions. In addition, the community reaction to
each project could be generally discerned because
monitors were deliberately placed at the homes of all
those who were known to have complained or otherwise
expressed concern about noise, whether participating in
the project or not. Monitoring stations were also set up at
other homes where no complaints had been received but
where maximum project sound levels were expected
based on modeling. Informal discussions about the
resident’s subjective reaction to project noise occurred at
most monitoring positions.

In general, these studies involved continuous
monitoring in 10 minute increments over at least a
14 day period at numerous on-site positions supple-
mented by a number of off-site monitors generally
2 miles beyond the project perimeter recording the likely
concurrent background sound level without any project
noise. In this way it was possible to reasonably correct the

s and standards relevant to typical

mits Comments
Sleep Disturbance Threshold
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on-site sound levels for background noise contamination
(which is often very significant during windy conditions)
thereby deriving the project-only sound level at each
position—the quantity predicted by analytical models. As
an example, Fig. 5 is a typical plot that shows the
corrected project-only sound level as a function of wind
speed rather than time. The scatter in the data, which is
typical and expected, is due to fluctuations in the project
sound level at the observation point due to variations in
atmospheric conditions (path effects) and fluctuations in
the aerodynamic noise produced by the rotor due to inevi-
table inconsistencies in wind speed, gradient or direction
(source effects). More importantly, Fig. 5 shows the essen-
tially universal result from all positions in all the surveys
that the model predictions at integer wind speeds agree
extremely well with the mean trend through the measured
performance, thus demonstrating that ISO 9613-211

(assuming a moderate 0.5 ground absorption coefficient)
is a perfectly valid methodology for predicting wind
turbine sound levels, recognizing that path and source
effects will lead to levels that vary by about +/−5 dBA
about the predicted mean.

In terms of noise impact, the results of these studies
indicate that the actual degree of adverse impact,
defined as the number of serious complaints relative to
the total number of households in the project area
(within 2000 ft. of the project perimeter), was fairly
small at about 4%. The specific numbers associated with
each project are tabulated in Table 4.

Just because the total number of complaints is fairly
small in each case one should not be dismissive of
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these people, because there were usually one or two at
each site that were profoundly disturbed by project
noise. However, it must also be said that the vast major-
ity of people apparently had no objections to noise,
even people who consistently experienced turbine
sound levels in the 45 to 50 dBA range. Based on
discussions with non-participating and participating
residents at more or less randomly selected monitoring
positions in close proximity to turbines, the most common
reaction was generally that operational noise was certainly
audible, particularly during certain wind conditions or
times of day, but that it was to be expected and they didn’t
pay any real attention to it. Of course, this general assess-
ment is not the result of a rigorous scientific study on wind
turbine annoyance; that was never the objective of the
surveys, but a milder than anticipated reaction was
observed at each site.

The low apparent rate of adverse reaction to projects
where numerous residences were exposed to relatively
high sound levels (up to 55 dBA in some cases) was
surprising because it stood in stark contrast to the results
of previous annoyance studies; in particular, the extensive
work carried out from 2000 to 2007 in Sweden and the
Netherlands by Pedersen and Persson Waye12 and Persson
Waye13. These studies generally predict an annoyance rate
ranging from 10 to 45%, or more, for wind project sound
levels in the 40 to 45 dBA range. For example, the earli-
est study12, based on questionnaire responses collected in
2000 from residents living in proximity to five small wind
projects in Sweden, found the annoyance rate as a
function of sound level plotted in Fig. 6.

ound Level vs. Normalized Wind Speed
9
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This steeply rising curve apparently indicates that a
sound level of 40 dBA, for instance, leads to a 26%
annoyance rate, implying that out of the study population
of 513, 133 were highly annoyed. However, this is not at
all the case. On further analysis it turns out that the
response curve percentage is not related to the overall
study population—i.e., the total number of households
within the project area with a predicted sound level of
30 dBA or more, whether they responded to the survey or
not—but rather to the percentage of people exposed to a
particular sound level that reported annoyance due to that
sound level (see Table 5 of the paper). Now it must be
pointed out that only 351 of the 513 individuals forming
the study population returned the questionnaire, so the
views of the missing 32% are not known, but in the

Table 4—Number of observed com
households in close proxim

Project

Total
Households in
the Site Area

(Approx.)

Number of Com
Function of Pr

Level (dB

�40 40–44
Site A 107 0 2
Site B 147 0 3
Site C 151 0 3
Site D 268 0 2
Site E 91 1 1

(1) Sound levels expressed as long-term, mea
(2) There were only 3 reported complaints at
not made aware of; hence a total number of 6

Percent Highly Anno
(Pe

0

5

10

15

20

25

30

35

40

32 33 34 35 36 37

Sou

%
H
ig
hl
y
A
nn
oy
ed

Fig. 6—Response analysis from Pedersen14.
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37.5 to 40 dBA category, for example, 20% of the 40
respondents exposed to that sound level range reported
being highly annoyed—which is just 8 people. Viewed in
terms of the overall population of 513 that is equivalent to
a highly annoyed response of just over 1% for that particu-
lar sound level range �37.5 to 40 dBA�. In general,
across all sound level ranges the total number of people
responding that they were highly annoyed was 31, or 6%
of the total number of households. In contrast to the
alarmingly steep response rate curve in Fig. 6, this 6%
figure agrees much more closely with the 4% complaint
rate (based on the total number of households) observed
during our own field studies of projects in the United
States. A further and much larger questionnaire study
modeled on the 2000 study was performed in the Nether-

nts relative to the total number of
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lands in 2007 and reported in 2009 (Pedersen et al.14).
This study is the most representative of current projects
with large turbines and essentially flat topography. In this
study out of 1948 queries sent out 708 were received.
Across all sound level categories a total of 29 respondents
(back-calculated from the results expressed as percent-
ages in Table 2) reported being very annoyed. If only the
708 respondents are assumed to make up the pool of
potentially affected residences in the project area (rather
than 1948), this equates to a 4% rate of high annoyance.

On the other side of the coin, the number of
individuals concerned about or annoyed by noise at
each of the sites we studied may not have been defini-
tive, since the number represents those who were
troubled enough to call in and complain, as reported by
project management, and any others we may have
learned of indirectly in discussions with neighbors. The
possibility that others were annoyed certainly cannot be
ruled out and, in fact, seems likely but it appears that
the actual rate of serious annoyance to noise from wind
projects may not be nearly as high as previously
supposed.

5 LOW FREQUENCY NOISE AND
ADVERSE HEALTH EFFECTS

Harmful, or at least disturbing levels of low
frequency or infrasonic noise and potential adverse
health effects are almost always feared, based largely
on internet misinformation, and cited as major reasons
why proposed projects should not go forward.
However, the fact of the matter is that wind turbines do
not produce significant or even remotely problematic
levels of low frequency noise and that a link between
health complaints and turbine noise has only been
asserted based on what is essentially anecdotal
evidence without any valid epidemiological studies or
scientific proof of any kind. The latter assertions are all
the more suspect in that they are often predicated on or
directly associated with the assumed existence of high
levels of low frequency noise.

It is well outside the scope of this paper to go over
the basis for these conclusions but readers are referred
to a recent review by a panel of independent doctors on
wind turbine health effects15 and some extensive testi-
mony by the leading experts in the field (now public
record) regarding potential low frequency noise
impacts recently filed in conjunction with a proposed
wind project in Wisconsin16.

Because low frequency noise from wind turbines,
essentially irrespective of distance, is well below the
point where it might begin to be audible or initiate
perceptible vibrations (windows or dishes rattling, for
example) there is no actual need for a design goal or
regulatory limit. However, if one desires just to be on
102 Noise Control Eng. J. 59 (1), Jan-Feb 2011
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the safe side, so to speak, a limit of 65 dBC might be
used. In over 30 years of investigating countless genuine
low frequency noise complaints, usually associated with
simple cycle combustion turbines, there was only one
outlier below 65 dBC. A maximum regulatory limit of
70 dBC is recommended if one must have a low
frequency limit.

Having said that, it must be strongly cautioned that
C-weighted sound levels do not mix well with wind
turbine applications because it is extremely difficult to
accurately measure C-weighted sound levels in the
presence of any kind of wind17. Self-generated, false
signal noise, which occurs in the low frequencies, from
wind blowing through even sophisticated windscreens
and over the microphone tip will drastically elevate the
apparent C-weighted sound level and, by extension, the
apparent low frequency sound level. Consequently, it
would be a significant technical challenge to accurately
field verify the C-weighted performance of a wind
turbine project. Any casual measurement in a windy
field will ostensibly yield a relatively high C-weighted
sound level, possibly in excess of the 65 to 70 dBC
levels suggested above, whether a wind turbine is
present—or not.

Finally, Fig. 3 also shows the measurement location
prescribed in IEC 61400-11 for determining the sound
power level from wind turbines. Sound pressure is
measured on a reflective ground plane with the micro-
phone on the surface where wind speed is theoretically
zero, but a 1

2 sphere wind screen will blow away unless
attached securely. Still another common example is dry
leaves blowing along the ground in fall. Even with this
test set up, measurement of LFN is problematical.

6 RECOMMENDED DESIGN GOALS AND
NOISE LIMITS

Based on the existing guidelines and limits outlined
in Sec. 3, combined with our direct experience summa-
rized in Sec. 4, the following design goals and regula-
tory limits given in Table 5 are recommended.

The nighttime level of 40 dBA is suggested as an
ideal design goal rather than a firm regulatory limit
because a legal limit must reasonably protect the public
from legitimate annoyance and, at the same time, not
stand completely in the way of economic development,
which 40 dBA would tend to do in some instances.
Because the actual number of complaints observed at sites
where the project sound level exceeded, or even substan-
tially exceeded, 40 dBA is small at 4%, a sound level of
45 dBA at residences, as an ordinance or legal limit,
appears to balance the desire on everyone’s part to avoid
complaints and annoyance on the one hand with practical
constructability on the other. Sound levels of less than

-
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45 dBA would theoretically lead to a very low complaint
rate of 2% based on the data in Table 4.

It is important to note that both of the levels above
are mean, long-term values and not instantaneous
maxima. Wind turbine sound levels naturally vary
above and below their mean or average value due to
wind and atmospheric conditions and can significantly
exceed the mean value for brief periods. As illustrated
in Fig. 5, project sound levels commonly fluctuate by
roughly +/−5 dBA about the mean trend line but short-
lived �10 to 20 minute� spikes on the order of
15 to 20 dBA above the mean are occasionally observed
(less than 1% of the time) that are ostensibly attributable
to turbine noise—although the possibility exists that some
or all are extraneous noise events. Because it would be
completely impractical to design any project so that all
such spikes would remain below the 40 and 45 dBA,
these values are expressed as long-term mean levels, or
the central trend line through the data scatter as shown in
Fig. 5.

Some degree of dissatisfaction due to audibility is
largely inevitable. The very definition of noise is
unwanted (audible) sound. For example, in isolated
incidences we are familiar with complaints have been
engendered by wind project sound levels as low as 23
and 34 dBA. Therefore an objective of completely elimi-
nating the possibility of any negative response is largely
impractical and the imposition of extremely low regula-
tory noise limits or of vast minimum setbacks—as
championed by James and Kamperman18, for instance—
would not necessarily eliminate all adverse impact but
would, in fact, make most projects impossible to build,
even in sparsely populated areas of the country.

During the design phase of a wind project, particu-
larly for projects where the turbines are interspersed
amidst a number of homes, there are several options,
outlined below, that are available for mitigating poten-
tial project noise and bringing the project, hopefully,
into conformance with one or both the recommended
noise levels.

6.1 Site Layout Optimization

The most useful and effective method by far is the
optimization of the site plan through iterative noise

Table 5—Recommended regulatory
turbine projects.

Sound Level, dBA
Regulatory Limit: 45

Design Goal: 40
(1) Long-term, mean project sound level (n
statistical sound level)
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modeling. This technique, which has been successfully
applied to a number of projects, involves developing a
baseline model of the project as initially conceived in
terms of a sound contour map and then hypothetically
relocating or removing certain units in order to ideally
place all of the potentially sensitive receptors within
the site area outside of the 40 dBA contour line.

The baseline layout is usually driven by where
participating land parcels are in general and where the
wind resource is best on those parcels in particular,
rather than by noise concerns. Consequently, some
degree of improvement, i.e., a reduction in the
predicted sound levels at residences, can almost always
be realized—so long as it is early enough in the design
process that significant changes can be made. In fact,
the best time to start evaluating potential noise impacts
is when a project has just begun to coalesce and is
considered generally viable, even if only a hypothetical
or estimated turbine layout is all that is available for
modeling. All too often noise is only considered at the
eleventh hour just prior to submittal of the permit appli-
cation, or even construction, when the flexibility to
move turbines has been utterly lost.

Because of the numerous other constraints that
always exist on exactly where turbines can be built, it is
often necessary to go through several iterations of
noise modeling to find the optimal arrangement that
minimizes noise and still satisfies all other concerns.

6.2 Low Noise Operating Modes

If physical changes to the turbine site plan cannot be
made or are still insufficient to realize the desired
performance, further targeted reductions can
sometimes be made by operating specific units in low
noise operating mode—something that can also be
evaluated prior to construction through iterative model-
ing. While still not universally available as an option on
all turbine makes and models, there now appears to be
a trend towards incorporating this capability into most
new units or retrofitting it on existing models. Noise
reductions of up to 5 dB relative to normal performance
(it is claimed by some manufacturers) can nominally be
achieved primarily through electronic manipulation of the
blade pitch. Although this operating mode could theoreti-

e limits and design goals for wind

Applicable Time of Day
Outside Residences Day and Night
Outside Residences 7 p.m. to 7 a.m.

lly measured in terms of the L90�10 min�
nois

(1)

orma
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cally be employed at all times, it adversely affects power
production at higher wind speeds so it not desirable, or in
some cases even economically unfeasible, to permanently
de-rate the turbines; consequently, this option is more
appropriate for use as a temporary measure under certain
weather conditions or times of day, most likely during the
critical nighttime hours when noise is typically more of an
issue.

6.3 Operational Curtailment

Curtailment of operation, or temporarily shutting
down specific turbines, is obviously onerous to the
economics of a project that clearly involves a large
capital investment, but it may be less devastating than
first thought. The temporary shutdown of just one unit
(overnight, for instance) can sometimes make a
dramatic difference in the sound level at a particular
point of interest. Depending on the geometry of the
situation, model simulations taken from actual projects
indicate that noise reductions from 2 to 8 dBA can be
achieved by shutting down only the single nearest turbine
to a particular house.

7 CONCLUSIONS

Measurements of operational wind turbine projects
indicate that turbine noise is usually most perceptible
relative to the background level at night suggesting that
design goals and regulatory limits should either be
focused on nighttime conditions or have differing goals
for night and day

Existing guidelines and regulatory limits, inter-
preted within the context of the quiet rural environ-
ments in which wind projects are normally sited, gener-
ally point to a design goal sound level of 40 dBA at
night and 45 dBA during the day.

Experience in measuring the sound levels produced
by newly operational wind projects and comparing
those levels to actual community reaction indicates that
the number of complaints relative to the total number
of potentially affected households within a given
project area is fairly low at roughly 4% in cases where
project sound levels exceed or even substantially
exceed 40 dBA at residences. This finding was also
found to generally agree with previous European research
but only when the number of questionnaire responses
reporting high annoyance is similarly viewed relative to
the overall number of potentially affected households
rather than by exposure levels.

Field surveys of operational projects also generally
indicate that complaints engendered by wind turbine

sound levels below 40 dBA are very rare therefore
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suggesting that new wind projects should use a nighttime
sound level of 40 dBA as an ideal design goal at all
residences to minimize the probability of annoyance and
complaints with a higher level of 45 dBA applicable
during the day. However, the low (2%) rate of complaints
observed in the studies when the project sound level was
below 45 dBA points to this value �45 dBA� as an appro-
priate regulatory limit, irrespective of time of day, since it
appears to strike a balance between the reasonable preven-
tion of annoyance and what is generally achievable in
terms of project sound levels at typical project sites.
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◦ A43-4 - Crowned Ridge Sound Level Tabular Results Sorted by Sound Level (16 

Turbines Removed) 
◦ A43-5 Crowned Ridge Sound Level Tabular Results Sored by Receptor ID Realistic
◦ A44 - Rebuttal Testimony of Tyler Wilhelm and Sam Massey
◦ A44-1 - Letter from Dennis Schmeling
◦ A44-2 - Updated Maps 
◦ A45 -Applicant's Responses to Intervenor's Fifth Set of Data Requests to Crowned 

Ridge Wind, LLC
◦ A45-1 - Attachment 1 to 5-2
◦ A45-2 - Attachment 1 to 5-5
◦ A45-3 - Attachment 1 to 5-7
◦ A45-4 - Attachment 1 to 5-12
◦ A46 - Applicant's Responses to Staffs Sixth Set of Data Requests

to Crowned Ridge Wind, LLC Confidential (not available to the public)
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◦ A46-1 - Attachment 1 to 6-1
◦ A46-2 - Attachment 1 to 6-2
◦ Certificate of Service

• 06/06/19 - Crowned Ridge Wind, LLC's Exhibits 
◦ A47 - The Ohio Power Siting Board - Amended Testimony of David M. Hessler
◦ A48 - Public Service Commission of Wisconsin - David M. Hessler's Exhibit 4 - Low 

Frequency Noise and Infrasound From Wind Turbines, Noise Control Engineering 
Journal

◦ A49 - PSC Docket No. 2535-CE-100 - Ex.-Clean Wisconsin - Hessler- 4 Low 
Frequency Noise and Infrasound From Wind Turbines, Noise Control Engineering 
Journal

◦ A50 - Transcript of Public Service Commission of Wisconsin - October 10, 2012, 
Docket N. 2535-CE-100

◦ A51 - Minnesota Regulation on Sound - 7030.0050 Noise Area Classification and 
7030.0040 Noise Standards

• 06/07/19 - A52 - Crowned Ridge Wind, LLC's Letter regarding Exhibit A53 - Final Land 
Status Map

◦ A53 - Final Land Status Map
◦ Certificate of Service

• 06/10/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibit A54 - Replacement Final 
Land Status Map

◦ A54 - Replacement Final Land Status Map
◦ Certificate of Service

• 06/11/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibit A55 - Proposed Turbine 
Drops and Moves

◦ A55 - Proposed Turbine Drops and Moves
◦ Certificate of Service

• 06/11/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibits A55, A56, A57, A58, A59, 
A60 and A61

◦ Exhibit A56 - Appendix D Sound ISO-Lines Map Book Hessler
◦ Exhibit A57 - Appendix C-3 Sound Results Table Rev 6
◦ Exhibit A58 - Final Land Status and Hessler 7 on Intervenors
◦ Exhibit A59 - Final Land Status and Hessler 7 Turbine Moves
◦ Exhibit A60 - Hessler 7 on Hessler Identified Non Participants
◦ Exhibit A61 - Joint Stipulation of Agreed to Conditions Between Crowned Ridge and 

PUC Staff
◦ Certificate of Service

• 06/12/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibits A62 and A63
◦ Exhibit A62 - FAA Pending Turbine Locations
◦ Exhibit A63 - Amended Condition 26 (Sound Level)
◦ Certificate of Service

• 06/12/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibits A64 and A65
◦ Exhibit A64 - Granquist Option Confidential (not available to the public)
◦ Exhibit A65 - Papio Valley Land Confidential (not available to the public)
◦ Confidential Certificate of Service
◦ Non-Confidential Certificate of Service

• 06/12/19 - Exhibit A66 - Crowned Ridge Wind, LLC's Letter regarding Extreme Cold Weather 
Package 

◦ Certificate of Service
• 06/12/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibits A67 and A68

◦ Exhibit A67 - Appendix C-1 Shadow Results Table Rev5
◦ Exhibit A68 - Appendix C-2 Shadow Results Table Rev5
◦ Certificate of Service

• 06/12/19 - Crowned Ridge Wind, LLC's Letter regarding Exhibit A69
◦ Exhibit A69 - Insurance Confidential (not available to the public)
◦ Confidential Certificate of Service
◦ Non-Confidential Certificate of Service

PUC Staff
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• 05/30/19 - Staff's Witness and Exhibit List
◦ S1 - Direct Testimony of David M. Hessler with Exhibits
◦ S1a - Staff's Responses to Applicant's First Data Request
◦ S2 - Direct Testimony of Darren Kearney with Exhibits

◾ S2 - Direct Testimony of Darren Kearney with Exhibits Confidential (not 
available to the public)

◦ S3 - Direct Testimony of Tom Kirschenmann with Exhibits
◦ S4 - Direct Testimony of Paige Olson with Exhibits

• 06/06/19 - S5 - Additional Staff Data Requests
• 06/07/19 - S5 - Additional Staff Data Requests Confidential (not available to the public)
• 06/07/19 - S6 - Supplemental Responses to Staff Data Request 6
• 06/11/19 - S7 - Staff's Proposed Lek Monitoring Condition

◦ Certificate of Service
• 06/13/19 - Staff's Letter regarding Exhibit S8

◦ S8 - Surrebuttal Testimony of David Lawrence in Docket EL18-003
◦ Certificate of Service

Intervenors

• 05/31/19 - Intervenors' Letter regarding List of Exhibits 
◦ I1 - Public Service Commission of Wisconsin - A Cooperative Measurement Survey 

! nd Analysis of Low Frequency and Infrasound at the Shirley Wind Farm in Brown 
County, Wisconsin

◦ I2 - NARUC - 2011 - Assessing Sound Emissions from Proposed Wind Farms & 
Measuring the Performance of Completed Projects

◦ I3- Paul Schomer, and Pranav Krishna Pamidighantam - A Possible Criterion for 
Wind Farms

◦ I4 - Research Gate - Health Effects From Wind Turbine Low Frequency Noise & 
Infrasound: Do Wind Turbines Make People Sick? That is the Issue

◦ I5 - David M. Hessler and George F. Hessler Jr. - Recommended Noise Level Design 
Goals and Limits at Residential Receptors for Wind Turbine Developments in the 
United States

• 06/03/19 - I6 - Partial Transcript of the Evidentiary Hearing of EL18-026
◦ I7 - Canons of Ethics for the Institute of Noise Control Engineering of the USA

• 06/05/19 - Intervenors' Exhibit and Witness List
◦ I8 - Night Time Noise Guidelines 2009 (WHO) 
◦ I9a - Ollson 2014 Suncor Statement 
◦ I9b - Ollson 2014 Suncor Statement 
◦ I10 - Oil Son 2014 Presentation 
◦ I11 - Thyen Exhibit A Memorandum 2007
◦ I12 - Thyen Exhibit B Release Letter 2012 
◦ I13 - Thyen Exhibit C Sound Map 2019.5.24 
◦ I14 - IAIA Assessment 
◦ I15a - DR to Intervenors 4-1 
◦ I15b - Jay Haley Resume
◦ I16 - SD License Search Mr. Haley
◦ I17a - ND License Search Mr. Haley
◦ I17b - ND License Search Mr. Haley
◦ I18 - MN License Search Mr. Haley
◦ I19 - MN license affidavit Mr. Haley
◦ I20 - Mr. Haley Cover letter App H 1/22/19
◦ I21 - Mr. Haley Cover letter App I 1/22/19 
◦ I22 - Mr. Haley Cover letter Updated Appendices Sound A-D 2/19/19
◦ I23 - Mr. Haley Cover letter Updated Appendices Flicker A-0 2/19/19 
◦ I24 - Mr. Haley Cover letter Landowner Participation Sound 2/26/19 
◦ I25 - Mr. Haley Cover letter Landowner Participation Flicker 2/26/19
◦ I26 - Mr. Haley Cover letter Additional Structures Sound Ex 1 2/19/19
◦ I27 - Mr. Haley Cover letter Additional Structures Flicker Ex 3 2/19/19
◦ Certificate of Service

• 06/17/19 - Intervenors' Cross Examination Exhibits 
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◦ I28 - Geronimo Sale Bill
◦ I29 - Fourth Data Response Applicant to Intervenors
◦ I30 - Haley Public Hearing Transcripts
◦ I31 - NextEra Landowner Liens and Article 

Page 7 of 7El19-003 Pre-Filed Exhibits

08/29/2019https://puc.sd.gov/Dockets/Electric/2019/EL19-003exhibits.aspx

006512

ADMINISTRATIVE RECORD Page 247 of 285

- Page 1686 -



712 

1 come out to, say, per acre or something like that for 

2 Charles Mix County, taking into considerat ion all those 

3 trust lands that aren't taxed? 

4 MS. AG RI MONTI : Objection. 

5 THE WITNESS: This is not even relevant to this. 

6 We're on a whole new ground. 

7 MR. FUERNISS: Okay. I'll withdraw the question 

8 it if that's the proper thing to do. 

9 Thank you. 

10 MR. DE HUECK: Ms. Jenkins? 

11 MS. JENKINS: No quest ions. 

12 

13 

MR. DE HUECK: Ms. Pazour. 

MS. PAZOUR: I have a question, but I would 

14 like to ask Ms. Edwards because I'm not sure on how to 

15 ask it. 

16 MS. EDWARDS: Can we take 30 seconds? I can't 

17 give legal advice, but I can see what you want to know 

18 from me. 

19 MR. DE HUECK: Yep. Go ahead. 

20 (A short recess is taken.) 

21 MR. DE HUECK: Ms. Pazour, go ahead. 

22 RECROSS-EXAMINATION 

23 BY MS. PAZOUR; 

24 Q, Did you have any public meetings outside of the 

25 Commission -- Commissioners meetings with Prevailing 

713 

1 Winds? 

2 A. No. I stepped out of that meeting with Mr. Peter 

3 Pawlowski, but no other meetings, other than public 

4 meetings. 

5 Q. Like in the beginning of August? 

6 A. I did not. 

7 MS. PAZOUR: Okay. 

8 MR. DE HUECK; With that, Mr. Mushitz. 

9 THE WITNESS: Mushitz. 

10 MR. DE HUECK: Mushitz. Thank you for your 

11 testimony, and you may step down. 

12 {The witness is excused.) 

13 MR. DE HUECK: We will move on to Staff's 

14 witness. He was scheduled today so that's why we're 

15 breaking the order for Mr. Almond at this t ime allowing 

16 Staff's witness to take the stand. 

17 MS. EDWARDS: Staff calls David Hessler. 

18 David Hessler, 

19 called as a witness, being first duly sworn in the above 

20 cause, testified under oath as follows: 

21 DIRECT EXAMINATION 

22 BY MS. EDWARDS: 

23 Q . Mr. Hessler, welcome back to South Dakota. Will you 

24 please introduce yourself for the record. 

25 A. Yeah. My name is David Hessler. I 'm an acoustical 

714 

1 consultant with Hessler Associates, and I've been asked 

2 by the Public Utilities Staff to provide Impartial 

3 technical advice on noise for this project. 

4 a. Did you submit prefiled testimony in this docket? 

5 A. Yes, I did. 

6 Q, Have you testified before this Commission before? 

7 A. Two previous t imes. 

8 Q. Have you reviewed the other test imony submitted by 

9 other witnesses in this docket? 

10 A. Yes, I have. 

11 Q. Both direct and rebuttal? 

12 A. Yes. 

13 Q. Have you also reviewed all responses to data 

14 requests? 

15 A. I believe I've read most of them, if not all of 

16 them. 

17 Q. Did you rely upon that Information when formulating 

18 your opinion? 

19 A. Yes. 

20 a. Are you familiar with the testimony of Mr. Howell, 

21 Chris Howell? 

22 A. Yes. Mr. Chris Howell, the -- he's the acoustical 

23 engineer for the project. 

24 Q. Would you agree that it is -- based upon his 

25 testimony yesterday, would you agree that it is either 

715 

1 inappropriate or impossible to assess the potential noise 

2 impact on the -- strike that. 

3 What is your over all assessment of t he positions 

4 and arguments advanced by Mr. Howell in his testimony? 

5 A. Well, I think what you were getting at there for a 

6 minute was the first point, which Is he contends that 

7 it's impossible to predict or assess the public reaction 

8 to a project, and so their study focused entirely on 

9 simply demonstrating whether the project was going to 

10 meet the 45 dBA Bon Homme County noise limit. 

11 But they did no work or -- evaluating what the 

12 predicted sound levels meant or looked Into any kind of 

13 low frequency Issues. None of that. So I was critical 

14 of the -- of Mr. Howell's work in that regard. 

15 Q. Now just now when you stated "their study" are you 

16 referring to that of t he Applicant? 

17 A. Yeah. The Applicant's noise study, which was 

18 prepared by Mr. Howell. 

19 Q. Are you familiar with a Mr. Steven Cooper? 

20 A. Yes. 

21 Q. And who is Steven Cooper? 

22 A. He's an acoustical engineer out of Australia who 

23 with relevance here has recently done some experiments 

24 that I find very convincing that demonstrate that people 

25 w ith certain sensitivities are affected by extremely low 
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1 frequency pulsatlons from wind turbines. 

2 He did a blind study where he recorded sound at a 

3 wind farm in Australia and then replicated that sound in 

4 a laboratory setting, and people with known 

5 sensitivities, people that lived on the site that were 

6 bothered by it, could tell when this completely inaudible 

7 sound was played with 100 percent accuracy; whereas, a 

8 group of other people didn't hear anything. 

9 Q . So then is It your testimony that certain people 

10 would be more sensitive than others? 

11 A. I believe some people do have a sensitivity to the 

12 pulsations produced by all wind turbines really, every 

13 model, every size. It's just the nature of the thing 

14 that it produces a pulse around just under 1 hertz, which 

15 is extremely low and well below the capability of any 

16 conventional sound Instrument to measure, 

17 Q. I f you had -- based upon your training and 

18 experience, if you had to guess, without anybody talking 

19 what's the noise level In this room today? 

20 A. I would say with the fan going it's maybe 40 dBA. 

21 In fact, I have a sound level meter on my phone if you --

22 can I? 

23 Q . I'll take your word for it. 

24 A. Okay. All right. 

25 Q . Are you familiar with Mr. Howell's Rebuttal 

717 

718 

1 A. Well, her area Is physiology and that sort of thing. 

2 It' s out of my area, but I would -- there was another 

3 witness, Mark Hopkins, I believe, who reviewed her 

4 testimony. And he's a physiologist and answered her 

5 point by point, and I had to agree. I found his 

6 testimony very compelling. 

7 Q . Would you be referring to Dr. Mark Roberts? 

8 A. Mark Roberts, Thank you. I drew a blank there for 

9 a moment. 

10 Q . What statistical descriptor would you associate with 

11 the 40 dBA noise limit ? 

12 A. If there were to be a 40 dBA limit on this project 

13 or any other project, the only practical descriptor would 

14 be a long-term average measured over a period of days or 

15 weeks. 

16 And the reason for that Is that the sound of the 

17 project varies with wind and atmospheric conditions so a 

18 short measurement of 10 minutes wouldn't tell you 

19 anything. The project might not even be operating. 

20 So what we found from many years of experience 

21 testing completed projects is that you have to monitor 

22 for usually two weeks and then try to determine what the 

23 project alone level is exclusive of the background level. 

24 The background level's very significant in these 

25 projects. It's as high as the project many times. 

719 

1 Testimony as it relates to the testimony of Mr. Richard 1 For example, In our assessments we'll usually 

monitor for about two weeks prior to any construction, 

and what we find is that the sound level Is directly -

directly correlates to the wind speed. And so when it's 

windy the sound level's 45, 50 dBA before anything's 

built. 

2 James? 2 

3 A. Yes, I am. And I have to say I agree with 3 

4 Mr. Howell on his comments there, that - - In most 4 

5 instances counter to what Mr. James was putting forward. 5 

6 Q . How about Mr. Howell's testimony as it rebutted that 6 

7 of Mr. Jerry Punch? 7 

8 A. I actually did agree with Mr. Howell there because 8 
9 what he was talking about was Dr. Punch was recommending 9 

10 that the noise limit for the project should be expressed 10 

11 in terms of an LAmax statistical noise level. 11 

12 That sounds good. That makes sense on paper. But 12 

13 that's coming from someone that's never measured a wind 13 

14 project. 14 

15 If we were to put a sound monitor at the site today 15 

16 when there's no project, the Lmax would go over 40, 45, 16 

17 or even 50 a thousand times a day, Every dog bark, plane 17 
18 flying, everything would cause an exceedance of that 18 

19 level. 19 

20 So it's not practical to use that to actually 20 

So when the project comes in you have to be careful 

not just to accept the level that's measured as being 

completely from the project. A lot of times that's only 

one component of it. So the difficulty is separating the 

two, and that's why a long-term measurement campaign is 

needed, supplemented by monitors that are miles from the 

project recording the simultaneous background level. 

It's not an easy thing to do. 

a. Ballpark number, how many wind farms have you 

evaluated? 

A. Well, one of the Intervenor data requests was 

ex actly that question so I had to go back and look. 

We've measured 15 newly operational projects all over the 

country, one In Jamaica, and what we have done in all of 

21 

22 

23 

24 
25 

measure a complete project. 

a. Have you read the Direct and Rebuttal Testimony of 

Intervenor witness Professor Alves-Pereira? 

21 those cases is performed these two or three-week surveys 

22 with background monitors. And it's not easy, but you can 

23 tease out what the project level is doing on a long-term 

A, Yes, 24 average basis. 

a. And what is your opinion of that? 25 Now ono point I'd llke to make about that Is when we 
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1 do these tests the methodology is kind of up to me 

2 because it's never prescribed anywhere, So what I like 

3 to do is we ask the project who has called or complained 

4 or who's upset about this project in any way, and we're 

5 going to monitor at their houses. 

6 Now that -- in every case I can think of that's a 

7 number between zero and three. Usually there's about 

8 maybe two people. And most of these projects cover 

9 25 square miles. They involve hundreds of houses. But 

10 that's what we find. 

11 So we me asure at those locations, and then I pick 

12 five to seven other locations that are on the sound map 

13 the locations of the houses that are receiving the 

14 maximum sound leve l, and so we set up instrume nts at all 

15 of those locations. 

16 In doing that, we can talk to all of those people, 

17 So I 've heard the grievances of pe ople that don 't like 

18 it, and then I 've also talked to the people at all these 

19 other houses that are re ceiving sound levels of 46 and 

20 47 dBA and most people just say it's -- it 's nothing, 

21 You hear it. Nothing. 

22 So my impression after 15 wind projects of seeing 

23 that same thing repeate d is that there's going to be some 

24 people very upset. It's going to be a small number, 

25 There's a few projects that everybody to my knowledge is 

721 

1 fine with. But most people aren't that bothered, And 

2 that's kind of the facts on the ground. 

3 Q . What Is your overall recommendation, having heard 

4 the testimony and read all of the filings? 

5 A. Well, the project was designed to the county 45 

6 limit and is meeting that. I th ink the highes t predicted 

7 level at a nyone's house right now is 41.9 . 

8 Now there's be en an e xtraordinary push back from 

folks that don't want this project so -- you know, 

722 

1 for this 40. 

2 a. Were you present in the room this morning for all of 

3 the testimony? 

4 A. This morning, yes. 

5 a. Did you hear the back and forth about whether there 

6 may or may not have been a suggestion for a 35 dBA at 

7 some point? 

8 A. Yes. I did see that, and I did see a copy of that 

9 e-mail the day before yesterday, basically stating that 

10 the wind turbine developer at that time, that fellow, 

11 Roland Jurgens, I think, said the 35 was a great idea and 

12 that would protect e veryone. 

13 Well, that's true. 35's extremely quiet and no one 

14 would be bothered but I'm not sure he knew what he was 

15 advocating for because the setbacks to achieve that would 

16 be huge and most of the projects I'm familiar with just 

17 wouldn 't be viable with that kind of a limit. 

18 a. When you say "huge," what are - - what are you 

19 talking, generally speaking? 

20 A. Did I say huge? 

21 They would be on the order of a mile and a half or 

22 something like that. 

23 Q. Okay. 

24 A. And most projects are not that sparsely populated 

25 that that's doable. 

723 

1 Q. Okay. 

2 A. And I would further add I talked about the 

3 background level a few minutes ago. When the wind is 

4 blowing, and the wind has to blow for the project to 

5 operate, the background level is fairly high, It's 

6 between 40 and 50. So to design to 35 would be --

7 there's rea lly no need for that. 

8 The background leve l's going to cover up the project 

9 9 

10 normally we recomme nd 45 indepe nde nt of wha t the county 10 
at that kind of a level . All you're going to hear is the 

wind blowing in the trees. There's kind of a bottom 

11 says, Now we th ink 45 is a fair limit for most projects 

12 jus t based on ou r expe rience a nd seeing how many 

13 complaints there are a nd what the levels are at those 

14 houses. 

15 But, a t the same time, we've recommended for many 

16 years that every project should shoot for a n ideal d esign 

17 goal of 40. That would serve to much better protect the 

18 community aga inst complaints and annoyance. 

19 Now here, because almost a ll the houses are already 

20 be low 40, it seems to me that it's -- wouldn't be 

21 inconceivable to modify the project slightly so that --

22 so as to achieve the 40 here . I think the re's 11 houses 

23 that are over right now, and many of those are just over 

24 by a tenth or two-tenth• of a d B, which is n 't 

25 significant, So I would llke to H e the project shoot 

11 limit to how quie t you nee d to make It, and, ge nerally 

12 speaking, we find that's a round 40. Once you go below 

13 that, the re's diminishing re turns. You' re not getting 

14 any furthe r improve me nt really, 

15 Q, Okay. I'm going to draw your attention to 

16 Exhibit A33, which I'll provide for you. 

17 Mr. Hessler, are you familiar with that exhibit? 

18 Take a minute to look at It . 

19 (Witness examines document.) 

20 A. Well, it's the first time I 've seen it, Le t me just 

21 look at it for a sec. 

22 (Witness examines document.) 

23 A. Okay. Yeah. 45 dBA. 

24 a. Can you identify what the title of that exhibit Is 

25 for the record? 
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1 A. The Applicant's proposed conditions. 

2 Q. I s that an exhibit t hat you -- or a proposal that 

3 you weighed in on or had any Input on prior to today? 

4 A. I haven't seen this exact document, but I understood 

5 from the beginning that the Applicant had committed to 

6 meeting Bon Homme County 45 noise limit, not only in that 

7 county but the other two counties in which the project 

8 was sited. 

9 MS. EDWARDS: Thank you. No further questions. 

10 I will tender him for cross. 

11 MR. DE HUECK: We' re ooino to take a recess at 

12 this point for our court reporter. Let's come back at 

13 10:30. 

14 (A short recess is taken.) 

15 MR. DE HUECK: We're back in session. 

16 Mr. Hessler is on the stand and now subject to 

17 cross-examination. And you're still under oath, 

18 Mr. Hessler. 

19 Prevailing Winds, you may proceed. 

20 MS. SMITH: Thank you. 

21 CROSS-EXAMINATION 

22 BY MS. SMITH: 

23 Q. Good morning, Mr. Hessler. 

24 A. Good morning. 

25 Q. As I understood your written testimony, you did not 

725 

1 take Issue with the noise modeling methodology and 

2 assumptions that were used by Burns & McDonnell in 

3 preparing their analysis for the project; is that 

4 correct? 

5 A. That's correct. They used the same assumptions and 

6 even modeling software that I used. 

7 Q. Okay. Thank you. And you also agreed that the 

8 modeling showed compliance with the Bon Homme County 

9 requirement of 45 dBA? 

10 A. That's correct. 

11 Q . You mentioned a criticism of not taking into account 

12 community perception. Is that accurate? 

13 A. That 's correct. 

14 Q, And community perception wou ld be a subjective 

analysis; Is that true? 

A. In general, yes. But it is possible to make a 

726 

1 the possible impact. 

2 a. And you Indicated that ambient noise levels vary 

3 from 40 to SO typically when the wind Is blowing In your 

4 Direct Testimony just now; correct? 

5 A. That's right. And the background studies that we 

6 do, we find that just about in every site the background 

7 level ranges from 20 to 50, purely a function of wind 

8 speed. So when wind is blowing there's a significant 

9 background noise that's often overlooked by a lot of 

10 people that are opposed to wind turbines. 

11 They think the background is 30 dBA or 25 dBA. But 

12 that's when it's calm and the project is not operating so 

13 it's not relevant. 

14 Q. And as far as community perception when you're 

15 talking about your Ideal limits, the concept Is to avoid 

16 complaints; correct? 

17 A. That's correct. 

18 Q. Is it true in your testimony that you noted that 

19 there isn't really a regulatory sound level that would 

20 satisfy everyone? 

21 A. Yeah. That's correct. You can never sit back and 

22 be comfortable and everybody be all right with a wind 

23 project. 

24 Q . So someone may complain regardless of how low the 

25 level Is that is set; Is that correct? 

727 

1 A. I have seen instances of that. 

2 Q . In this case you stated in your testimony, and I 

3 believe you restated here, that 45 dBA Is an appropriate, 

4 reasonably fair noise limit for wind projects at 

5 nonparticipating residences; Is that accurate? 

6 A. Yeah. We consider that a reasonable limit under 

7 normal circumstances, When there's not a lot of 

8 opposit ion. 

9 Now here I would lean more towards our Ideal 

10 recommendation of 40. 

11 Q. And that's just simply based on complaints that have 

12 been lodged in advance of the project being constructed? 

13 A. Those numbers come from our experience at completed 

14 projects. Like I briefly described, we measure at the 

15 

16 

15 

16 

17 

18 

19 

20 

21 

j udgment as to how impacted people are likely to be. 17 

complainant locations and a number of other locations so 

we know what the sound level is at the people that are 

complaining. And that's why we say it's -- the situation 

is generally okay up to 45, Not ideal. But below 40 we 

see very few complaints. 

Fo r example, when w e do impact assessments, and 18 
we've done probably over 70, we do a thorough background 19 

study for a matter of weeks and cor relate the sound level 20 Q . When you -- in your own testimony, your written 

testimony, you indicate that a lot of fear and resistance to wind speed measured at the top of the met towers to 21 

22 get the wind speed at the turbine height and then predict 

23 the project level under identical wind conditions. And 

24 it's the differential between what's there now and what's 

2 5 going to be there at the project that really determines 

22 to wind projects Is created during the development phase 

23 by -- largely attributable to highly biased, even scary 

24 ant i-wind websites. 

25 Do you remember that testimony? 
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1 A. Oh, yeah. That's absolutely true. All you have to 

2 do is Google wind turbine noise, and it's horrific. 

3 a. And you noted that once those projects are 

4 operational and you also testified here today that most 

5 of those fears are found to be unfounded. 

6 Is that accurate? 

7 A. That has been my experience, yes. 

8 Q. What's been proposed on Exhibit A33 -- and do you 

9 st ill have that in front of you? It's that one sheet --

10 A . Yes, I do. 

11 a. -- of the Applicant's proposed conditions? 

12 A. Yes. 

13 Q. You Indicated you had seen similar language before. 
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1 Q. And it talked about the potential for a small 

2 minority of people to be susceptible to vertigo and 

3 nausea symptoms due t o wind projects; Is that true? 

4 A. That's correct. 

5 a. And are you basing your statements regarding 

6 potential health effects solely on that article? 

7 A. That article I found to really put me over the --

8 I've read a lot of articles and attended a lot of 

9 conferences where this Issue has been discussed, but I 

10 find that to be pretty unequivocal, that experiment that 

11 he recently did. 

12 So to me it's very clear that some people are 

13 susceptible and are very adversely affected, but It's a 

14 I s that accurate? 14 very small minority. 

15 A. I had seen in the noise study where it summarized 15 

16 what the applicable regulations were, which was the 45 in 16 

17 Bon Homme County and then the voluntary agreement to that 17 

18 in the other two counties. 18 

Q. You're not making a medical judgment here? You're 

not speaking as a medical practitioner regarding that 

topic; is that true? 

A. No, not at all. I'm -- in my mind I'm thinking of 
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19 a. You also test ified on behalf of the Staff In the 19 the Shirley Wind Project In Wisconsin that I went to, and 

20 Crocker Wind Farm docket and the Dakota Range Wind farm 

21 dockets; is that right? 

22 A. That's correct. 

23 a. And in those matters there was a condition agreed to 

24 among Staff at 45 dBA for nonparticipating residences; Is 

25 that true? 

1 A. That's correct. And I think on one of them the area 

2 was so sparsely populated that I think all the predicted 

3 levels were below 40 to begin with so the 45 limit was 

4 largely irrelevant. 

5 Q, And on this case it would be reasonable for t he 

6 Commission to impose a limit of 45. That would be a 

7 reasonable and fair limit in this case as well, would it 

8 not? 

9 A. In what I would call normal circumstances it's a 

10 reasonable and fair limit, but where there's quite a bit 

11 of opposition, as there obviously is here, I think 

12 further consideration should be given to that. 

13 a. Was there not opposition In the last two dockets? 

14 A. Not to the extent of this case. 

15 Q . And you're basing that on simply numbers? Are you 

16 aware of t he number of Intervenors, I guess I should ask? 

17 A . I'm basing it on the amount of time it took me to 

18 read all the Intervenor submittals. 

19 Q. So It's based on anticipatory complaints for the 

20 project? 

21 A. Yes. 

22 a. With respect to the potential for health effects, 

23 you referenced an article regarding -- or by 

24 Steven Cooper; is that correct? 

25 A. Correct. 
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20 we did a study there to try to figure out what was 

21 driving the complaints there, the nausea and the ill 

22 feeling complaints. 

23 And we went to the houses of those people. We 

24 talked to them. We took measurements. They weren't 

25 making It up. And so something's going on. 
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1 And what we found In that study was that you could 

2 detect the wind turbine blade passing frequency, which 

3 is, as I mentioned, around 1 hertz but the magnitude of 

4 it is incredibly small and it's really hard to believe 

5 that that has any effect but I'm convinced from Cooper's 

6 work that that's what it is. 

7 Q. So just to make it clear, you're convinced based 

8 solely on Cooper's work that that's the --

9 A. I think he finally made the link. Or demonstrated 

10 the link. 

11 MS. SMITH: I don't have any further questions. 

12 MR. DE HUECK: Mr. Almond. 

13 CROSS-EXAMINATION 

14 BY MR. ALMOND: 

15 a. Just following up on that last question, what did 

16 Cooper demonstrate the link between? 

17 A. That the extremely low frequency pulsations produced 

18 by wind turbines can be -- they're completely 

19 inaudible -- can be perceived by people who have a 

20 sensitivity to it but not by everybody. 

21 Q. And you believe that study gives credence to the 

22 complaints of the Shirley Wind individuals and their 

23 complaints of -- I guess I 'll let you say the complaints 

24 because you're the one that was there but --

25 A. Veah. 
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1 Q. What were the complaints? 

2 A. That they just felt some funny feeling and had a 

3 little d izziness and vertigo and just couldn't take it 

4 and had to leave their houses. They couldn't get relief 

5 until they left the project area. 

6 And but out of the 15 projects we've gone and 

7 measured that's the only one where that complaint, that 

8 specific kind of complaint, was made. At all the rest of 

9 them it was simply the audible noise, thumping noise. 

10 You could hear it at night. It was bothering me, that 

11 kind of thing. There was no health complaints at any 

12 other site. 

13 Q. And did you listen to Mr. Fuerniss's testimony in 

14 th is matter? 

15 A. I have not heard -- I believe I read the written 

16 testimony. Is that what you're referring to? 

17 Q . Are you aware of the physical symptoms and the 

18 complaints that Mr. Fuerniss has been -- has been feeling 

19 the last 18 months? Have you read anything about that or 

20 heard him testify about that? 

21 A. No. That's news to me. 

22 Q . You stated that you believe that the number of 

23 individuals affected by this inaudible infrasound is 

24 quite small, and that's based off of the fact that you've 

25 studied -- what's that based off of? 
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1 A. It's based partially off of the sites that I've been 

2 to and talked to everyone, but more than that, it's 

3 there's 90,000 megawatts of wind power in this country 

4 right now. That's over 50,000 turbines. And the only --

5 and we're still talking about Shirley, which was from six 

6 or seven years ago. 

7 If this problem were common at all, It would be in 

8 the forefront of every project's Application and would 

9 really be a totally disruptive issue. 

10 Q . So if I'm understanding -- maybe I'll just ask you. 

11 Are you aware of any literature or research that 

12 discusses people making the same types of complaints as 

13 those made in Shirley in other wind farms around the 

14 world? 

15 A. Yeah, I 'm only familiar with a handful of sites. I 

16 think Falmouth in Massachusetts. I'm having a hard 

17 time -- I'm thinking there's just a couple. 

18 Q. Just so we know about the complaints that were 

19 taking place in Shirley and that you're saying aren't a 

20 national or worldwide significant number of, what are 

21 those complaints specifically? 

22 A. Well, as I mentioned, they described it as just kind 

23 of a dizziness, a mild nausea, and it was particularly --

24 one woman said right here in this corner o f the kitchen 

25 in that chair it's real bad. So I sat there the whole 
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1 night, but I couldn't hear anything at all. I couldn't 

2 measure anything. But, you know, she wasn't just saying 

3 that. She must have just had a sensitivity to it. 

4 Q. Are you aware of any studies that have actually 

5 measured the number of people that have that sensitivity 

6 to lnfrasound? 

7 A. No. That would be good to know, but, no, I don't 

8 know of any organized or scientific counting. 

9 Q. And given this missing l ink that was found by 

10 Mr. Cooper, do you anticipate those types of studies will 

11 start being performed in the near future? 

12 A. I think work will continue along those lines because 

13 it's a big Issue, And up until that work the discussions 

14 mainly centered around theories about the inner ear 

15 and -- but nothing that was demonstrable. 

16 But now I've found that work to be excellent, and, 

17 yeah, I would expect it to continue. 

18 Q. And to date aren't most studies talking about wind 

19 farms and adverse effects, aren't they typically talking 

20 aboutannoyance? 

21 A. Well, there's really two things going on. There's 

22 audible noise around the mid-frequencies, 500 hertz, a 

23 thousand hertz. That's just the sound of the blades 

24 squishing, and it sounds like a -- like a washing 

25 machine, kind of. 
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1 And then there's low frequency, and that's 

2 completely at the bottom end of the frequency spectrum. 

3 It's a totally separate issue. 

4 Q. Yeah. As far as your opinion that you don't believe 

5 many people are affected by the infrasound and the 

6 sensitivities to it, would you agree that that -- the 

7 population hasn't really been studied -- or the wind 

8 farms haven't been studied to actually determine what 

9 percentage of people are affected by infrasound? 

10 A. Well, I think when they are affected it's -- it 

11 becomes known. And the fact that it does not appear to 

12 be a problem at 95 percent of operating projects tells me 

13 it must be rare. 

14 Q. So you're saying you have knowledge that 95 percent 

15 of projects these complaints of nausea, dizziness, 

16 vertigo haven't taken place, or you just haven't heard of 

17 it? 

18 A. I haven't heard of it. 

19 a. Okay. And in the academic literature about adverse 

20 effects caused by wind turbines, isn't what people are 

21 asked about annoyance and they aren't specifically asked 

22 about nausea, dizziness? I mean, large studies determine 

23 population amounts and --

24 Do you understand the question I'm asking? 

25 A. It sounds like you're maybe talking about the Health 
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1 Canada Study. It was a large study about the Canadian 

2 Health Department. 

3 Q. Well, most of the studies I guess I have read --

4 and, again, correct me if I'm wrong - - Is that when they 

5 go out and study and survey the population they ask them 

6 basically are you annoyed by the project. 

7 would you agree that that's how most studies are 

8 created or the method most studies that are analyzed for 

9 the purposes of the peer review stuff? 

10 A. I would say that was the case some years ago when 

11 some of the studies in Sweden were -- survey kind of 

12 studies. That's the way their questions were posed. 

13 It wasn't until later that this infrasound issue 

14 started emerging. 

15 Q. Right. So If people responded they were annoyed, 

16 they may have been annoyed because of nausea, dizziness, 

17 whatever, or they may have been annoyed because they just 

18 didn't like it; right? 

19 MS. SMITH: Objection. Calls for speculation. 

20 MR. DE HUECK: Can you rephrase? 

21 MR. ALMOND: Yeah. 

22 Q. Based off your review of the studies that have been 

23 performed and how they've been conducted, isn't it true 

24 that when they've asked whether or not an individual's 

25 been annoyed, there's no distinct ion about where the 

annoyance comes from, whether it's nausea, dizziness, 

vertigo, or just they don't like the project? 

A. Yeah. I guess I would agree with that. 

Q. Can you get Exhibit A33 back in front of you. 

A. Okay. 

Q . And that's the Applicant Proposed Condition -

specifically Proposed Condition No. 27 . And I want to 
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1 way to measure compliance with a 45 or a 40 or whatever 

2 noise standard? 

3 A. To my mind it's a more -- it's a simpler, more 

4 unequivocal way of doing it. The problem is that a lot 

5 of projects aren't happy about turning off the turbines. 

6 Q. But It's for a short amount of time to get the 

7 measurements; right? 

8 A. Yeah. I know. That's what I tell them. 

9 Q. Earlier you were test ifying about how the background 

10 noise, specifically noise caused by the wind, often masks 

11 the noise created from the turbines. 

12 Do you recall that testimony? 

13 A. Yes. That's what I was just alluding to on these on 

14 and off tests. When you arrive at the site it sounds 

15 tremendously loud. I'm thinking of one case in 

16 particular. And they turned off all the turbines. The 

17 level was the same. It sounded exactly the same. It was 

18 just the trees around the house blowing. 

19 Q. And in terms of complaints from those individuals 

20 living around projects regarding wind turbine noise, in 

21 your experience have you found most often the complaints 

22 come at night? 

23 A. Yeah. Yeah. It's --

24 Q. Rather than --

25 A. It's audible at night and I can hear it and it's 

1 

2 

3 

4 

5 

6 

7 
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bothering me and never heard anything about a daytime 

issue. 

Q . And is there a reason we would expect more 

complaints to happen at night? 

A. Well, people are trying to sleep and want it to be 

quiet. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

talk to you a little bit about the measurement of this 8 

Q . What about the atmospheric conditions that 

frequently exist at night? Can that lead or is that 

condit ion. And it's over a two-week period; right? 9 perhaps an explanation for why we see more complaints at 

night? 10 

11 

12 

13 

14 

15 

A. That's how long we normally measure for because then 10 

we're assured of getting periods of high wind, calm wind, 

different atmospheric conditions. 

Q . Have some of your colleagues suggested a method, an 

on/off compliance test? 

A. I don't know about colleagues, but we do that 

16 ourselves. 

17 Q . What's an on/off compliance test? 

18 A. When the wind is blowing and the project is 

19 operating at or near capacity, in many cases w e'll get to 

20 the test location and then radio in for them to turn off 

21 all the turbines and then take measurements of what's 

11 

12 

13 

14 

15 

MS. SMITH: Objection. Vague. I don't know 

what he means by atmospheric conditions that frequently 

occur at night. 

MR. DE HUECK: Either do I, but maybe 

Mr. Hessler does. 

16 A. Yeah, Yeah. At night sometimes there's temperature 

17 inversions and things that enhance or allow sound to 

18 propagate more easily. But it's not every night. 

19 Sometimes that happens. 

20 But, no. I don't think that's the reason. It's 

21 just at night people have the expectation of quiet. If 

22 happening without the project. 22 they have the windows open and they hear -- it sounds 

23 And I will add it is amazing that it sounds the 23 like a washing moc:hlne going, they don't l ike it. 

24 same. 24 Q , What are stable atmospheric conditions? 

25 Q . Would you agree that that would maybe be a better 25 A. That's when it's cold or above the surface warmer --
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1 excuse me. I always get this mixed up. It's hot above 

2 and cold below. 

3 Q. And In stable atmospheric conditions is the wind 

4 typically stronger the higher you go up? 

5 A. No. Actually to get truly stable conditions you 

6 need very low wind speeds to stratify the atmosphere 

7 thermally. But in stable conditions it's warmer above so 

8 that the speed of sound is faster so it refracts the 

9 sound waves so they travel more easily. 

10 But in windy conditions that kind of atmosphere can 

11 exist, and windy conditions are when turbines run. 

12 Q. Is it common for the atmospheric conditions to exist 

13 where It's ca lm at ground level but there are strong 

14 enough winds at the height of a turbine that the wind 

15 turbine's still operational? 

16 MS. EDWARDS: I'm going to object simply because 

17 we did not proffer him as a meteorological expert. 

18 MR. DE HUECK: I'm going to overrule your 

19 objection, allow you to answer. 

20 A. That does happen, but I wouldn't call it common. I 

21 think it happens seasonally, more commonly than other 

22 times, but It's not an every day or every week 

23 occurrence, I don't think. 

24 Q . And in a given year how frequently? 

25 A. It depends on the site and everything else. 

1 Q. And under that scenario t he sound around a residence 

2 would be -- the sound created from the wind at least 

3 would be relatively quiet or nonexistent because the wind 

4 wouldn't be blowing at ground level; right? 
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5 A. Yeah. That scenario Is brought up in every project. 

6 That happens occasionally, but I wouldn't base the entire 

7 design on that or anything. 

8 Q . And during these very quiet ground levels and if --

9 MR. ALMOND: Well, you can strike that, Cheri. 
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1 A. I'm going to say -- It's hard to put a specific 

2 number on. When we do operational surveys we put 

3 monitors that are a minimum of two miles away from the 

4 nearest turbine to get the background noise, and that's 

5 what we get. There's no turbine influence at that level. 

6 And so maybe a mile. You might be able to discern 

7 the project under certain conditions, 

8 Q. In changing gears here, during your testimony 

9 earlier you said that one-and-a-half-mile setbacks 

10 basically -- generally make projects not viable. 

11 Do you recall that testimony? 

12 A. Yes. Yes. 

13 Q. Have you analyzed this project to determine whether 

14 or not a mile and a half setback is viable for the 

15 project? 

16 A. No. 

17 Q. Okay. And have you seen any evidence in the record 

18 that suggested that if anyone tried to implement a 

19 mile-and-a-half setback to this project? 

20 A. No. 

21 Q. So just as a general notion, mile-and-a-half 

22 setbacks aren't typically that viable? 

23 A. Yeah. Most project sites are fairly densely 

24 populated, and there's just not that much room between 

25 houses. 
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1 Q. Do you think it would be more viable if you were to 

2 separate a mile-and-a-half setback or distinguish a 

3 mile-and-a-half setback for nonparticipants versus 

4 participants? 

5 A. I would like to see that. In fact, I thought about 

6 advocating for that here, but that would create a 

7 precedent for all future projects. All you have to do is 

8 be an Intervenor, and you can get all kinds of elbow room 

9 so it's not really a practical suggestion. 

10 Q. If you have a rural community like we have here in 10 Q. But you thought about advocating for a 

mile-and-a-half setback? 11 this project and if those conditions exist, what would 11 

12 you expect would be the largest generator of noise? 12 A. Two-mile. 

13 A. It would depend on how far away you're observing the 13 Q. You thought about advocating for a two-mile setback 

for --14 turbines. If you're very far away, the turbine sound 14 

15 signal's so weak that it doesn't make any difference. If 15 A. For Intervenors. But that's not a practical 

16 you're very close at a 1,000-foot setback, then you'd 

17 notice. You'd notice it more strongly. 

18 Q. And at what distance would you be able to start 

19 noticing the turbines? 

20 A. I can't say. 

21 Q. Can you give us a rough distance? 

22 A. Arc you asking when they first become fairly audible 

23 over the background as you approach a project, for 

24 instance? 

25 Q. Yes, 

16 suggestion. 

17 Q. Well, If there was a waiver system that allowed 

18 nonpart icipants to waive the setback requirement, what 

19 would be Impractical about it? 

20 A. Yeah. I'm not sure I follow the question. But what 

21 I was suggesting was that for those that were clearly 

22 unhappy with this project, I thought it was a good idea 

23 if the project -- If we could appeal to the project to 

24 try to inc;rease -- to maximize those setback distances 

25 for those Individuals that -- but on further reflection, 
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1 you can't give special treatment to certain people. It's 

2 just -- it would set such a precedent that it would 

3 happen in every future project. 

4 Q. But a situation in which a two-mile setback with 

5 waivers existed wou ldn't give preferential treatment to 

6 certain people, would it? 

7 A. I'm not sure I follow the w aiver aspect of that 

8 question. What waiver? 

9 a. Well, if an Individual can waive that setback, for 

10 example. I n this project I don·t know if you' re that 

11 familiar with it, but certain individuals have waived 

12 setback requirements. 

13 Have you seen that? 

14 A. Not here, but I know of that. 

15 Q. You're aware of the wind industry t here are 

16 agreements where Individuals waive setback requirements? 

17 A. Yeah. 

18 MS. EDWARDS: Objection. This is outside the 

19 scope of his direct. He didn't testify about setbacks. 

20 MR. DE HUECK: sustained. 

21 MR. ALMOND: In his direct this witness has 

22 testified about proposed regulations. He's given 

23 opinions on some distances, setback distances, et cetera. 

24 I think talking to him about setback distances 

25 in this hearing and setback distances with other 

1 projects, especia lly given that he's testified at other 

2 projects are what he's using as support -- partia lly as 

3 support for some of his opinions, is fair game to ta lk 

4 with him about his experience with those set backs. 

5 MR. DE HUECK: Which I think you've done, and 

6 now we've moved into some sort of abstract personal 

7 feeling regarding outside the scope of Direct Testimony. 

8 Q. In your past experience looking at wind projects, 

9 are you aware of -- are you aware of good neighbor 

10 agreements? 

11 Do you know what that term is? 

12 MS. SMITH: Objection. This is also outside the 

13 scope of his testimony. 

14 MR. DE HUECK: Correct. 

15 Q. With the Applicant's medical experts there was a lot 

16 of discussion about that Massachusetts study. Are you 

17 familiar with the Massachusetts study? 

18 A. Which Massachusetts study? 

19 Q. Talking about health effects of wind turbines, the 

20 Massachusetts government got a panel together to study 

21 wind turbines. 

22 Are you familiar with that Massachusetts study? 

23 MS. SMITH: Objection. This is outside the 

24 scope of his testimony as well. He's not testifying as a 

25 health expert. 
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1 MR. ALMOND: I'm merely asking If he's familiar 

2 with the study. 

3 MR. DE HUECK: Are you familiar with the study? 

4 THE WITNESS: Somewhat. 

5 a. And we heard from Dr. Roberts and Dr. Ellenbogen in 

6 t hat study t he Massachusetts government got everyone 
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7 together and studied wind farms, and the purpose of which 

8 was to see what regulations should be put In place. 

9 My question to you, because nobody else has been 

10 able to answer it, Is what Is Massachusetts's regulations 

11 as far as noise limits on wind farms? 

12 A. The Massachusetts noise - - state noise llmlt is to 

13 measure the background L90 statistical. That's the near 

14 minimum backgr ound level. And then the project can be 

15 10 above that. 

16 So it starts at a very low level, and then they have 

17 a big adder. It's unusual. 

18 Q. So whatever the L90 level Is, the project can go 10 

19 above that? 

20 A. That's right. 

21 Q. How far does the type of lnfrasound and low 

22 frequency noise that Steven Cooper was studying t ravel? 

23 A. That's a good question. It travels very far. 

24 Miles. 

25 a. Miles? 
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1 A. Yeah. 

2 Q . Again, shifting gears, going back to this Shirley 

3 project that you've studied, what was the regulatory 

4 limit in that Shirley project? 

5 A. I don't recall . And the reason is it was irrelevant 

6 to the problems there, They w ere merely about the low 

7 frequency content, which isn't represented or captured in 

8 any way by the A-weighted limit. 

9 Q. If I were to give you the report that was generated 

10 from that project, would that help refresh your 

11 recollection? 

12 A. 

13 Q. 

As to what the A- weighted limit was? 

Yeah. 

14 A. I think it's in the report. I don't know if it was 

15 mentioned. 

16 Q. After conducting your study In Shirley did you give 

17 a recommendation? What was the body that was overlooking 

18 the Shirley project, the governmental body? 

19 A. The Wisconsin Public Service Commission. By the 

20 way, that study w as -- the whole Impetus of that st udy 

21 was from my recommendat ion to study it during a hearing 

22 for another wind project. 

23 They planned to use the same turbines, and people 

24 from the Shirley site were at this hearlni saying, you 

25 know, look at our site. You know, watch out, and don't 
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1 let this happen again. 

2 So I said, well, it sounds like, you know, we need 

3 to investigate what's going on at Shirley. So that was 

4 the Impetus for the study and that it was, I think, 

5 funded by the Public Service Commission. 

6 And It was a very unique test in that it was done 

7 cooperatively by four different acoustical consulting 

8 firms, some with kind of known opposition views. 

9 Q. So just so I understand correctly, the Wisconsin 

10 Public Service Commission was considering whether or not 

11 to approve a wind farm project. And before it was doing 

12 that -- before it would do that you recommended that we 

13 should go study lhls olher project? 

14 A. That's right. And what I expected to find was that 

15 the low frequency signal was extremely strong at that 

16 site or something odd was happening there. But the 

17 signal was detected but at incredibly low amplitude. 

18 a. I just handed you a document titled The Cooperative 

19 Measurement Survey and Analysis of Low Frequency Sound 

20 and I nfrasound at the Shirley Wind Farm In Brown County, 

21 Wisconsin. 

22 Is this the report that was generated following the 

23 study of the Shirley Wind Farm we've been talking about? 

24 A. I think this was the final version. There was a lot 

25 of drafts. 

1 Q. 

2 A. 

3 Q. 

And if you turn to page 8, please. 

Okay. 

What ultimately did you recommend to the Wisconsin 
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1 MR. DE HUECK: Any objection? 

2 MS. SMITH: No objection. 

3 MS. EDWARDS: No objection. 

4 MR. DE HUECK: And I have no objection other 

5 than I think maybe next time hand a copy to me. That 

6 would be good. 

7 MR. ALMOND: Very sorry. 

8 MR. DE HUECK: No. It's okay. 

9 So 1-36, Is that what you said? 

10 MR. ALMOND: Yeah. 

11 MR. DE HUECK: Will be admitted. Thank you. 

12 Q. Let's step away from the Shirley project. 

13 I want to talk a little bit about what you started 

14 with Ms. Edwards talking about In terms of the community 

15 response to a project. 

16 Do you remember that part of your testimony? 

17 A. Yes. 

18 Q . And there are ways in which to gauge how a 

19 community's going to respond to a project when it comes 

20 to noise and how that noise Is going to affect the 

21 community; right? 

22 A. I believe so, yeah. 

23 Q . And are those -- and do the ANSI standards talk 
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24 about what calculations should be done to gauge community 

25 response to a project? 
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1 A. There is an ANSI standard that addresses that, but 

2 it wasn't written with wind turbines In mind. It was 

3 picturing some coal plant or a gas turbine or something, 

4 Public Service Commission In terms of a noise limit? 4 which is a much simpler situation. 

5 A. I don't really remember recommending much of 5 Our approach is, as I went through before, was to do 

an initial survey, find out what the background is going 

to be at the wind speeds required to operate the project, 

and then see how the predictions under those same wind 

speeds compare. And depending on that differential, you 

can get an Idea of whether It's going to be very audible 

6 anything. We couldn't really determine what was going on 6 

7 at that site. 7 

8 Q. Do you see the third paragraph where it says, 8 
9 "Hessler Associates recommends approval of the 9 

10 Application if the following noise condition is placed on 10 

11 approval"? 11 or inaudible. 

12 A. Okay. Oh, that's right. Yeah. We -- this number 12 Q. Has that type of study been conducted for this 

13 comes from talking with Paul Schomer, who was one of the 13 project? 

14 other guys there. 

15 Yeah. It's 39 and a half is the number in here, 

16 which is essentially 40 or the 40 limit that we've been 

17 recommending all along as an ideal goal. 

18 Q . I want you to flip to page 9. Is that your 

19 signature there on the bottom? 

20 A. Halfway down, yes. 

21 MR. ALMOND: At this time I 'd like to offer and 

22 move for the admission of Exhibit I-36, the document 

23 entitled Cooperative Measurement Survey and Analysis of 

24 Low Frequency and I nfrasound at the Shirley Wind Farm in 

26 Brown County. 

14 A. No. No. That's completely missing from the 

15 Applicant's noise study. 

16 Q. And you would like to see that type of study In 

17 order to gauge the community's response to a project; 

18 correct? 

19 A. I think It's the duty of the engineer to do that. I 

20 don't know why it keeps getting left out of these. This 

21 is the third one in a row. 

22 Q. And without doing that, do you think we're able to 

23 gauge whether or not this project's going to injure the 

24 social condition of those living In It? 

25 MS. SMITH: Objection. Calls for a leoal 

EL 18-026 Prevailing \Mnd 

 
006522

ADMINISTRATIVE RECORD Page 257 of 285

- Page 1696 -



1 conclusion. 

2 MR. ALMOND: It's a question. 

3 MR. DE HUECK: Well, you're basically asking It 

4 will comply with that regulation. 

5 MR. ALMOND: And experts are capable of 

6 testifying to that. 

7 MS. SMITH: He's not a legal expert. He's here 

8 to talk about sound studies in his analysis that he's 

9 conducted. 

10 MR. ALMOND: It's an ultimate conclusion 

11 opinion. Experts are offered to provide ultimate 

12 conclusions, ultimate opinions. That's what I'm asking 

13 him to do. 

14 MR. DE HUECK: But not as to whether or not they 

15 will be In compliance with a particular law. 

16 MR. ALMOND: I have not asked him about a law. 

17 I've asked him a question. 

18 MR. DE HUECK: It sounds like It. 

19 Ask again, Reece. Or maybe --

20 MR. ALMOND: Cheri, can you j ust repeat the 

21 quest ion so we can hear what I asked again. 

22 ( Reporter reads back the last question .) 

23 MR. DE HUECK: So asking if it will comply with 

24 the law. 

25 Can you --

1 MR. ALMOND: I have not referenced the law. I'm 

2 not asking if it complies with the law. I'm asking that 

3 question. 

4 MS. EDWARDS: I guess I would just object as 

5 vague and ask maybe the inquirer to be more clear on the 

6 social condition. 

7 MS. SMITH: And I'm going to object because It 

8 Is --

9 MR. ALMOND: I'll rephrase the question. 

10 MS. SMITH: May I object? 

11 It's basically stating 49-4 1B-22.1 -- or 2. 

12 Excuse me. And so he's basically asking him to opine on 

13 the statute compliance. 

14 MR. DE HUECK: Yes. So let's sustain the 

15 objection. 

16 Ask another question. 

17 a. How the community responds to a project deals with 

18 the social well-being of the community; right? 

19 MS. SMITH : Object ion. That's not why he was 

20 brought here to testify, on the social feelings of the 

21 

22 
23 
24 

25 

community. 

MR. ALMOND: He's been test ifying about 

community response. I'm just trying to figure o u t why 

we're curious about the community response and why it's 

important to look at that. 
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1 He's offered opinions that this Applicant should 

2 have done that. I'm curious as to why. 

3 MR. DE HUECK: Just go ahead and answer this 

4 one. 

5 A. Well, when I do an assessment I think the purpose of 

6 it is to assess what's going to happen, not just to find 

7 out if it's going to be in compliance with some 

8 regulatory limit. That's one paragraph from our 26-page 

9 report normally. 

10 No. I think you want to model the project, see what 

11 the sound levels are going to be at people's houses. And 

12 I always say I think -- I think there's going to be a 

13 problem or I think it's a low probability of complaints, 

14 a high probability. Whatever it is goes into my report. 

15 My clients aren't often happy with my reports, but 

16 that's the purpose of an assessment. 

17 a. All r ight. Shifting gears again, you've reviewed 

18 the modeled limits provided by Burns & McDonnell; 

19 correct? Mr, Howell? 

20 A. Yeah, I looked at the - - at the noise prediction, 

21 the sound contour map, yes. 

22 Q. Yeah. That was a poorly asked question. 

23 A. I knew what you were talking about. 

24 a. The predicted sound measurements. 

25 A. Yeah. 
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1 Q. Would you agree that the modeled levels can have 

2 spikes in the order of 15 to 20 dBA above the model 

3 levels? 

4 A. Yes. 

5 a. So if you're looking at a modeled level of 35, you 

6 could experience spikes up to 55 dBA? 

7 A. Well, not 20, but -- yeah. Wind turbine noise is 

8 highly variable. And depending on, you know, the wind's 

9 not blowing in a nice laminar manner, it's turbulent, it 

10 changes all the t ime. 

11 That 's why in every test you can only test over a 

12 long-term average. You can't capture every exceedance. 

13 Q. Well, the on/off condition test w e don't need to 

14 measure over a long period of time; correct? 

15 A. No. No. Most of the time the noise is fairly 

16 steady, but it does -- it certainly does vary over t ime. 

17 a. Have you written a paper on recommended noise level 

18 design goals for wind turbines? 

19 A. Yes. 

20 Q, And what was the purpose of that paper7 

21 A. To recommend noise design goals, which namely are 45 

22 under most normal circumstances and an ideal target of 

23 40. 

24 a. And you didn't attach that paper to your testimony, 

25 did you? 
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1 A. No. I don't think so. 

2 (Exhibit 37 is marked for identification.) 

3 Q . I'm going to hand you what has been marked as 

4 Exhibit 1-37. What is exhibit -- what is -- I just 

5 handed you what has been marked Exhibit 1-37. What is 

6 that? 

7 A. You know, it's an article that I wrote in 

8 collaboration with my dad who's also in the company in 

9 2010 that was published in the Noise Control Engineering 

10 Journal, January 2011. 

11 MR. ALMOND: At this point I'd like to move for 

12 the admission of Exhibit I-37. 

13 MS. EDWARDS: No objection from Staff. 

14 MR. DE HUECK: Any objection? 

15 MS. SMITH: No objection. 

16 MR. DE HUECK: It will be admitted as I-37. 

17 Q, Can you turn to page 97 of that paper for me. What 

18 Is that Table 1 at the top of that page? 

19 A. It's titled Typical Worldwide Wind Turbine Noise 

20 Limits. 

21 Q, And it looks like the different jurisdictions are 

22 all outside the United States in that table. Would you 

23 agree? 

24 A. 

25 Q, 

They are, yes. 

And if you flip back to the previous page, it 

1 states, "Wind turbine development in European countries 

2 and in other parts of the world has been proceeding for 

3 some time now while widespread development has only 

4 really started in the U.S. within the last five years or 

5 so." 

6 Do you see that language? 

7 A. Yes. Uh-huh. 

8 Q . So would you agree that it would be appropriate to 

9 look to other jurisdictions and European and other 

10 countries to see what's going on when it comes to wind 

11 regulations? 

12 A. Yeah. That's why we did that, this paper. 

13 a. Precisely. 

14 And looking at Table 1 for one example, for example, 

15 at the very top is Alberta, Canada. It says, "Criteria 

16 values, 50D/40N." 

17 

18 A. 

What does that mean, the 50D/40N? 

SO during the day, and 40 at night. 

19 Q. And the D and N, is that what it means for the 

20 entire list of --

21 A. Yeah. 

22 Q . Are you aware of any regulations on this project 

23 that deal with infrasound or low frequency noise? 

24 A. No, Thero ;aro none on t:hls project or any other 

25 project I can think of. 
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MR. ALMOND: Thank you, Mr. Hessler. I don't 

2 have any other questions for you. 

3 THE WITNESS: All right. Thank you. 

4 MR. DE HUECK: Mr. Fuerniss. 

5 CROSS-EXAMINATION 

6 BY MR, FUERNISS: 

7 Q. Hello, Mr. Hessler. You and I have one thing In 

8 common. At least we both have had the privilege to work 

9 with our fathers in the business. 

10 That's kind of a neat thing, don't you think? 

11 A. I think it's great. 

12 Q. I just have one question. This goes way back 

13 earlier in your testimony. You talk about some people 

14 being much more sensitive than others. 

15 Does that sensitivity -- can that increase with 

16 prolonged exposure, or do you have a level of sensitivity 

17 and that's it or --
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18 A. I'm not sure that's really known or understood. I 

19 think I've seen papers speculating or thinking that maybe 

20 the more exposure the more sensitivity would develop. 

21 But I don't know myself. 

22 MR. FUERNISS: Thank you. 

23 THE WITNESS: Sure. 

24 MR. DE HUECK: Ms. Jenkins. 

25 MS. JENKINS: Yes. I have some questions. 

1 CROSS-EXAMINATION 

2 BY MS. JENKINS: 

3 a. Yes. I have some questions. On your Direct 

4 Testimony, your prefiled, I was looking at your resume, 

5 and at the very end of that section is -- you talked 

6 about a project in Maine? Freedom, Maine? 

7 A. Was it Clinton, Maine? 

8 Q. Freedom. 

9 A. Freedom. 

10 a. It was called the Beaver Ridge Wind Project. Maybe 

11 let's find the exhibit. It's Exhibit DMH-1 in his --

12 MR. ALMOND: 53. 

13 MS. EDWARDS: 53. 
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14 A. Okay. All right. It's pretty bad when I have to be 

15 reminded of my own resume. 

16 Yeah. Yeah. I remember that project. That was in 

17 the town of Clinton, Maine, I believe. 
18 Q. Can you just tell a little bit about what your -- it 

19 looks like you appeared before the Maine State Government 

20 of Energy and Utilities Committee. It says, "A peer 

21 review of operational sound testing by others." 

22 A. Oh, yeah. I remember that one now. 

23 Yeah. I was engaged by the state, very similar to 

24 this case, to look at somebody else's Application, the 
25 noise study for an Application for this wind project, and 
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1 give my opinion on it. 

2 Q . And do you remember any specifics like the size of 

3 the project ? 

4 A. I think it was fairly small. All I remember was the 

5 panel. It looked like a bunch of sea captains up there 

6 In Maine. 

7 Q . Can I refresh your memory? 

8 A. Please do. The whole project is kind of vague to me 

9 now. 

10 Q. Okay. I believe it was three turbines? 

11 A. Yeah. 

12 Q. By Patriot Renewables? 

13 A. Okay. 

14 Q. Maybe they built it and sold it. I 'm not sure. 

15 Starting to sound familiar? 

16 A. Go on. 

17 Q. Well, my understanding is that there were four 

18 different -- I believe It was four, might have been 

19 t hree, different residences that were experiencing either 

20 health concern or not being able to sleep on their top 

21 floor. 

22 And so a sound study was done there, and that must 

23 be this study that you peer reviewed? 

24 A. What I recall is it was a noise study prepared for 

25 the permitting application, and I just reviewed it and 
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1 commented on its shortcomings or good parts. That's all 

2 I remember about it really. 

3 Q. Okay. The project was built in 2008, and the 

1 MS. EDWARDS: I guess since it's my witness, I 

2 should probably attempt to weigh in. 

3 Because we are a neutral party, I attempt to 

4 afford a great deal of latitude. I would say this is 

5 impeachment but going down that track going a little too 

6 far. 

7 MR. DE HUECK: So, Ms. Jenkins, it is as if 

8 you're int roducing your own testimony as to what you 

9 t hink happened out in Maine into the record now so we 

10 want to avoid that. 

11 Additiona lly, the witness has basically told you 

12 he's got no clue and doesn't look very successful in 

13 remembering it. 

14 Q. Okay. So I'll just summarize that , that you earlier 

15 said that you have witnessed only a handful of people 

16 with health effects, complaints, out of all the projects 

17 in the United States --

18 A. Yeah. 

19 Q. - - and you don't remember this project, your latest 

20 one that you reviewed. I'm sorry. I'm not t rying to be 

21 unkind. I'm just trying to --

22 A. No. You have every right. I'm so sorry I can't 

23 remember that project. 

24 Q. Okay. 

25 A. It was a very small project, and I think I just 
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1 looked over someone's work and testified for 10 minutes 

2 on it. I never went to the site or anything. I don't 

3 know too much about it really. 

4 study -- your peer review was in 2013. 4 Q. So to do a sound study or to peer review a sound 

study you don't need to see the site or know the 

complaints or anything? 

5 A. Okay. 5 

6 Q . Still nothing? 6 

7 A. Yeah. That just goes to show how many wind turbine 7 A. I 'm fairly certain that this study had nothing to do 

with the complaints. I don't remember anything about 

that. I would remember that. If there was problems, 

somebody went out, did a survey, tried to understand the 

problems. That doesn't ring any bells at all to me. 

8 projects I've been mixed up in. 8 

9 Q. Okay. 9 

10 A. Yeah. I'm not recalling the situation you're 10 

11 talking about with people having problem - - I don't 11 

12 remember anything about that. 

13 Q . Okay. The reason it came up was -- when I saw you 

14 were going to testify, I was looking for your most recent 

15 note on your resume, and that was in 2014. And so I 

16 researched it a little bit. 

17 A. Yeah. 

18 Q . And the reason I bring it up now is that you said 

19 that it was just a handful of people that are having 

20 health concerns. And in this -- in my research I just 

21 went to the --

22 MS. SMITH: I'm going to obj ect. At this point 

23 it sounds l ike Ms. Jenkins is testifying. Unfortunately, 

24 I think we have to interrupt. 

25 MR. D E HUECK: Yeah. Go a h e ad, Staff. 

12 Yeah. I'd have to pull out the file for this 

13 project, and I just don't remember It. 

14 MR. DE HUECK: Ms. Jenkins, do you actually have 

15 a copy of what it is you're referring to? 

16 MS. JENKINS: Well, I could go to the website 

17 where the -- where t he people in the community were 

18 attempting to get their sound levels up to the state 

19 level. 

20 MR. DE HUECK: Okay. I think we have j ust a bit 

21 of confusion going on. I 'm not sure. But I think we 

22 should just move on. 

23 MS. JENKINS: Okay. Let me just make sure 

24 there's nothing else I can ask. 

25 MR. DE HUECK: Go ahead. 
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1 (Pause.) 

2 Q. Okay. I think my last question would be, just to 

3 understand the process, if you do a sound study, you 

4 don't necessarily -- or peer review a sound study, you 

5 don't necessarily have to go to the project site? 

6 A. No. Like in this case there wasn't a whole lot of 

7 need to go to the site. 

8 Q . And can you tell me how you can deduce that if you 

9 don't remember the project? 

10 A. Well, the noise study is supposed to explain and 

11 show you what the site is like. Like in our reports we 

12 put a site description, We have maps. We show what's 

13 going on at the site, where the houses are, where the 

1 They just radiate out from the source. 

2 MR. DE HUECK: So could the wind itself be t he 

3 source of infrasound? 

4 THE WITNESS: No. For example, in the Shirley 

5 study we used very specialized instrumentation to be able 

6 to detect the blade passing frequency. And t hat 's every 

7 time a blade goes by the tower, of the three blades, so 

8 that the frequency of that is about . 7 to 1 hertz. And 

9 that was detectable. 

10 And I think it's the repeated pulsations of 

11 that, those waves going out, that some people are 

12 sensitive to. It's like on a boat, you know, and 

13 seasick. Just kind of that low rocking. I think it's 

14 turbines are. You know, it 's supposed to explain it to 14 

15 the degree where you don't have to go out there and find 15 

related to that. 

MR. DE HUECK: I understand that it could be 

related to that. But so does the wind -- let's say we 

remove the turbines, and we still have -- it's a windy 

night. And could infrasounds from the wind --

16 out for yourself. 16 

17 Now this report was very vague on that. The sound 17 

18 contour map was printed on a white paper. There was no 18 

19 map. I couldn't tell where the houses were, whose house 19 

20 was which, so it was a shortcoming of the study. 20 

21 Q. Okay. And you don't remember testifying before the 21 

22 board or at that hearing -- before the Maine State 22 

23 Government Energy, Uti lities, and Technology Committee on 23 

THE WITNESS: No. No. It takes this specific 

source to generate it. No. Wind noise is very 

broadband. 

MR. DE HUECK: Okay. Thank you. 

THE WITNESS: Okay. 
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24 behalf of Patriot Renewables and the Beaver Ridge Wind 24 

25 Project in 2014? 25 

COMMISSI ONER NELSON: Thank you, Mr. Hessler, 

for being here to help us sort this out. 

765 

1 A. Yeah. I remember being there and I remember what 1 

2 the room looked like but I forgot what the substance of 2 

3 the testimony was about. 3 

4 Q . Okay. So you don't really remember the case? 4 

5 A. I don't remember the case. It was -- 5 

6 MS. JENKINS: Okay. Thank you. 6 

7 MR. DE HUECK: Ms. Pazour. 7 

8 MS. PAZOUR: No. 8 

9 MR. DE HUECK: That wi ll bring us over here to 9 
10 Commission questions. I 'm down here with Commissioner 10 

11 Nelson. 11 

12 I have a quick question if that's okay. 12 

13 Help me understand this because the Cooper 13 

14 study's got me thinking. And I think I recall you saying 14 

15 that often -- whether on or off, the wind turbines, the 15 

16 sound can be the same just due to the wind itself . 16 
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THE WITNESS: Always a pleasure. 

COMMISSIONER NELSON : Looking at your Direct 

Testimony on page 8, there was a quest ion about -- I 

think Mr. Fuerniss had recommended t hat sound levels be 

measured using C-weighted sound levels, and you said, no, 

no, no, that that would be inappropriate. 

So my ultimate question is how is infrasound 

measured? What is the scale? What is the 

instrumentation? Have you done it? Help me understand 

all of that. 

THE WITNESS: Yeah. No. That's a very good 

question. 

You know, It 's extremely difficult to even 

detect. That's why there's no practical way to put a 

regulatory limit on it. C-weighting only goes down to 

10 hertz, and this is happening at less than 1 hertz. So 

17 So a noisy night, you could turn off the 

18 turbines, and you're still going to be at, say, 45 dBA 

19 just based on the wind itself. And the turbines don't 

20 run unless it's windy; correct ? 

17 it's off the chart. So C-weighting is not going to 

18 capture it or do anything. 

21 THE WITNESS: That's absolutely correct. It was 

22 surprising even to me. 

23 MR. DE HUECK: Yeah. That is. So does wind 

24 itself carry these sound we can't hear? Infrasounds? 

25 THE WITNESS: They're not carried on the wind. 

19 How it is measured is to use very specialized 

20 low frequency microphones that can measure down to less 

21 than 1 hertz and very specialized instrumentation. It's 

22 also complicated by the fact t hat whenever you try to 

23 measure sound in windy conditions the wind blowing over 

24 the microphone creates a false signal, and that happens 

25 In the low end of t he frequency spectrum. 
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1 So it's very easy for any kind of measurement 

2 to get completely covered up by nonrelated, 

3 self-generated noise. Very difficu lt to measure. So 

4 there's no way I cou ld think of to place a regu lation or 

S a limit on It . 

768 

6 COMMISSIONER NELSON: So we've heard reference 

7 to dB(G). Is that the measurement that is used for 

8 infrasound? 

9 THE WITNESS: It can be. That's essentially not 

10 putting any weighting on the frequency spectrum, not 

11 subtracting some number . But it's very, very difficult 

12 in practical terms to even detect. 

13 In that Shirley study we had to measure in the 

14 middle of the night, inside the houses, out of any wind. 

1 S And even then it was hard to pick up. 

16 COMMISSIONER NELSON: And so you have attempted 

17 to measure it. Is that --

18 THE WITNESS: Oh, yes. 

19 COMMISSIONER NELSON: Do I take it from your 

20 testimony that using the Shirley example that you weren't 

21 comfortable that you accurately captured what was going 

22 on? 

23 THE WITNESS: Yeah. You could see a little 

24 blip, but it was so small that we said how is this a 

25 problem? It's orders and orders of magnitude below the 
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1 threshold of human percept ion. But evidently it's the --

2 the frequency of the pulses that go out apparently have 

3 an effect. 

4 COMMISSIONER NELSON: Within the last week I saw 

5 a presentation on the folks that are trying to capture 

6 neutrinos, and when I read through this I , for some 

7 reason, thought of that. And we're trying to capture 

8 something that 's apparently very difficult. 

9 THE WITNESS: Yeah. It Is. 

10 COMMISSIONER NELSON: Did you read through 

11 Dr. Roberts's Rebuttal Testimony? 

12 THE WITNESS: I did read through It, yes. 

13 COMMISSIONER NELSON: Could you pull out 

14 Exhibit AS-1, which is Exhibit 1 attached to his Rebuttal 

15 Testimony. 

16 Yes. AS-1. 

17 And if you could go to page 10. 

18 THE WITNESS: Okay. 

19 COMMISSIONER NELSON: I n the lower left corner 

20 there's a bullet point, and this is talking about the 

21 results of some work that was done in Germany. And that 

22 bullet point says, "At a distance of 700 meters from the 

23 wind turbines it was observed by means of measurements 

24 when the turbine was switched on the measured lnfrasound 

25 level did not Increase or only Increased to a limited 
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1 extent." And then it says, "I nfrasound was generated 

2 mainly by the wind and not by the turbines." 

3 There's two things here that contradict what you 

4 have said already today. And I'm trying to sort this 

S out. I mean, at some point infrasound has to dissipate. 

6 This study seems to indicate that by 700 meters it has 

7 dissipated. I heard you testify today t hat infrasound 

8 travels for "miles." 

9 So that's my first question. 

10 THE WITNESS: Okay. 

11 COMMISSIONER NELSON: Help me understand how far 

12 this travels. 

13 THE WITNESS: Well, it can travel for long 

14 distances. Not always. The conditions have to favor it 

1S and so on. 

16 COMMISSIONER NELSON: So help me -- unpack that. 

17 THE WITNESS: Yeah. Well, I can see in the 

18 picture here, in the lower left picture t itled C, t hey've 

19 got a black dome sitting on the ground on a white circle, 

20 Do you see that? 

21 COMMISSIONER NELSON: Yes. 

22 THE WITNESS: That is a method that we use to 

23 measure wind turbines outdoors where the microphone is 

24 laying horizonta lly on this reflective surface, and then 

25 this huge wind screen is put over it. 

1 Now that only works to a certain extent, and it 

2 does not allow measurements down at 1 hertz. That's all 

3 covered -- even with this setup the measurements are 

4 blown away by wind self-generated wind noise. Because 

S I've used this exact equipment before, 

6 That's why they say all they measured was wind. 

7 Because you really can't pick it up. But no. I think it 

8 can travel 700 meters or more under other circumstances. 

9 Let me see. At Shirley one of the houses was 

10 very far from any turbines. Miles away. We did measure 

11 Inside of that house out of the wind to avoid this 

12 contamination. I don't think we were able to detect 

13 anything at that house, though. 

14 COMMISSIONER NELSON: So I'm --

15 THE WITNESS: That doesn't --
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16 COMMISSIONER NELSON: -- going to press you a 

17 little harder because this is terribly important to me. 

18 So somewhere between 700 meters and your quote, 

19 "miles," this dissipates. So help me understand what's 

20 going to determine how far it goes and what causes it to 

21 dissipate, and how can we quantify that? 

22 THE WITNESS: It t ravels a long distance. I 

23 can't put a number on it for you. These are the kind of 

24 frequencies that -- like elephants communicate with each 

25 other over huge distances, if you've ever heard about 
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1 that. This is as low as it gets in terms of frequency. 

2 So in theory it takes a very long t ime. Now how 

3 far, I don't know. Can't help you. 

4 COMMISSIONER NELSON: Well, ultimately, I have 

5 to make a decision here based upon how far this could 

6 travel and how far it's going to affect folks, if it 

7 affects folks. I mean, that's a whole nether question. 

8 THE WITNESS: Right. 

9 COMMISSIONER NELSON: I'm trying to just figure 

10 out how far does it actually go. 

11 THE WITNESS: I wish I could give you a figure 

12 on that. I know It would be useful to you. 

13 COMMISSIONER NELSON: Okay. Thank you for that. 

14 Shifting gears just a little bit. Can a sound 

15 be heard without that sound changing the ambient dBA 

16 level? 

17 THE WITNESS: Ves. If the sound has a 

18 distinctive character to it, then you can identify and 

19 pick It out even though the magnitude of It, whether it's 

20 on or off, may be about the same. 

2 1 COMMISSIONER NELSON: Like a wind turbine. 

22 THE WITNESS: Yeah. Which has a -- that washing 

23 machine sound. Yeah. 

24 COMMISSIONER NELSON: So we had -- well, 

25 Ms. Jenkins, Intervenor, testified yesterday, again 
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1 contrary to what I heard from you this morning, that her 

2 house is three miles away from a wind turbine, and inside 

3 of her house she can hear the wind turbine three miles 

4 away. 

5 THE WITNESS: That's surprising to me. 

6 COMMISSIONER NELSON: Okay. So we'll set that 

7 aside. But it would be -- let's say you're outside. It 

8 may be possible to actually hear a wind turbine because 

S of the unique sound, even though it doesn't raise the dBA 

10 level. Is that accurate? 

11 THE WITNESS: Right. If you're able to ident ify 

12 that distinctive sound and you know what you're listening 

13 for and so on. 

14 COMMISSIONER NELSON: Just so I'm clear, 

15 changing again, you've recommended for this project an 

16 ideal design goal of 40 dBA, and that would be measured 

17 over the two-week period that the Applicant has proposed; 

18 is that correct? 

19 THE WITNESS: Right. I don't know of any other 

20 way to do it. 

21 COMMISSIONER NELSON: You talked earlier about 

22 the fact that that m ight impact 11 different receptors 

23 based on their sound study. I just quickly looked at 

24 their revised sound study, and it looks like it would 

25 only Impact two or the nonparticipants. 
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1 Did you separate out participants and 

2 nonparticipants as you looked at that? 

3 THE WITNESS: At least in my copy it doesn't 

4 distinguish between who was who. 

5 COMMISSIONER NELSON: And were you looking at 

6 the revised - - the latest sound study? 

7 THE WITNESS: Yes. I saw one I ntervenor house 

8 identified In the table in the back, but that's the only 

9 one. And that's what I was looking for when I wrote my 

10 Direct Testimony. I wanted to know what the levels were 

11 at the Intervenor's house, but I couldn't tell which 

12 house was which. 

13 COMMISSIONER NELSON: I think -- I hate to let 

14 you go, but I think that's all -- only because what I 

15 really want to know I haven't found out , but that's all 

16 the questions I've got. 

17 Thank you . 

18 THE WITNESS: You're welcome. Sorry I couldn't 

19 help you with that one. 

20 MR. DE HUECK: Chair Flegen. No questions. 

21 Commissioner Hanson, any questions? 

22 COMMISSIONER HANSON: Yes, I do. 

23 Good almost afternoon, Mr . Hessler, You came 

24 out swingino in your remarks at the beginning. At least 

25 on page 3 you faulted the Applicant for the graphical 
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1 presentat ion, called it fairly prim it ive, and said you 

2 can't even distinguish - - identify where the specific 

3 residents are. 

4 You faulted the study for focusing entirely on 

5 the noise limit of 45 dBA rather than assessing, 

6 addressing in any way. So you said, Focusing entirely on 

7 the dBA and not assessing or addressing In any way the 

8 other aspects, potentially low frequency and sound 

9 emissions. And I appreciate the questions that 

10 Commissioner Nelson asked in regard to that and the 

11 others. 

12 I'm curious. You said -- I also appreciate the 

13 way you tried to be fair. I think that you placea a lot 

14 of weight on the other side of the scale as well, almost 

15 to the point to which you seemed to favor wind farms and 

16 wanted to support them and so I -- I'm trying to figure 

17 out where that scale lands but - -

18 You said you sat in a home I believe it was In 

19 Wisconsin, was it, and listened -- sat there all night 

20 or -- I don't know If it was all night --

21 THE WITNESS: Hours. 

22 COMMI SSIONER HANSON: And that the husband could 

23 not hear it, you could not hear it , but the wife cou ld 

24 hear It. 

25 THE WITNESS: That's right. 
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1 COMMISSIONER HANSON: I don't want to sound 

2 misogynistic here, but isn't it somewhat typical 

3 especially on a farm that work with machinery -- even 

4 though wives work beside their husbands on farms and 

5 such, is that men typically lose their hearing a l ittle 

6 bit before women do? 

7 THE WITNESS: Well, this wasn't audible sound 

8 from the project. It was just a sensitivity to a feeling 

9 of low pressure, low frequency pulsations. Nobody could 

10 hear anything. Everybody admitted that. It was the 

11 sensing of it . 

12 COMMISSIONER HANSON: Interesting. 

13 My wife is 220 miles away, and she can hear my 

14 thoughts right now. 

15 THE WITNESS: I know. Mine too. 
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16 COMMISSIONER HANSON: She' ll ca ll me up and tell 

17 me I'm wrong without --

18 Are you familiar with kids in school who carry 

19 phones and they have the frequency dialed so that people 

20 over 40 or 50 years old cannot hear the frequency but 

21 they can? 

22 THE WITNESS: I did hear about that. 

23 COMMISSIONER HANSON: And that's fairly typica l. 

24 So kids would be more sensitive, would one assume, than 

25 adults would to the cha llenges that low frequency would 

777 

1 have from wind turbines? I mean, that's j ust one premise 

2 but --

3 THE WITNESS: Well, it's -- the phone thing Is 

4 ultrasound. It's very high frequency sound, and that Is 

5 usually the first thing to go as people age. So that's 

6 why there's a built-In advantage there to that whole 

7 concept. 

8 But we're talking about the other end or the 

9 frequency spectrum, and that typically does not decay 

10 with age. 

11 COMMISSIONER HANSON: Interesting. So higher 

12 frequency, have you studied that from wind turbines, 

13 from --

14 THE WITNESS: No. There's no high frequency. 

15 COMMISSIONER HANSON: There's no high frequency. 

16 THE WITNESS: No. Most of the noise, the 

17 churning sound, Is about 500 hertz to 1,000 hertz. 

18 That's in the middle of the audible frequency range. 

19 Above that there's no significant noise. 

20 COMMISSIONER HANSON: Interesting. Appreciate 

21 that. 

22 You spoke also at adverse health effects such as 

23 sleep disturbance and vertigo, which really can be 

24 crippling to people from the standpoint of going through 

20 tllelr live:,, 
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1 THE WITNESS: Yeah. 

2 COMMISSIONER HANSON: What about children with 

3 ADHD? Have you studied any of that or familiar at all 

4 w Ith those effects? 

5 THE WITNESS: No. I don't know about that, but 

6 I wouldn't be surprised. 

7 COMMI SSI ONER HANSON: You wouldn't be surprised 

8 what? 

9 THE WITNESS: If they were sensitive to It or 

10 affected by It. 

11 COMMISSIONER HANSON: You state about the very 

12 small minority of the people and that It is extremely 

13 rare, small handful of sites, quite rare, et cetera. 

14 Again, very small. And yet It's very real. At least you 

15 express that it's very real. 

16 So in balancing that are we to assume that for 

17 the greater good some people are going to suffer? 

18 THE WITNESS: Yeah. That's -- that's up to you 

19 guys. Yeah. 

20 Well, just to reiterate, you know, If this 

21 commonly happened, it would be all over the news. It 

22 would be well understood, and everyone would know that a 

23 new wind project was going to cause this. 

24 But t hat's not the case. It's only occurred at 

25 certain specific sites out of many, many, many projects. 
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1 So based on that alone, I'm concluding that it must be a 

2 rare sensitivity. 

3 COMMISSIONER HANSON: Commissioner Nelson would 

4 love to sit and chat with you an extended period of t ime. 

5 Enjoy the conversation and what we're learning here. 

6 For folks who have lived out in the country for 

7 a long, long time and just simply enjoy the -- enjoy the 

8 sound of the wind going through the trees, granted 

9 turbines may be at a sim ilar volume but of a different 

10 pitch and so they hear It instead of the -- It starts to 

11 irritate them. 

12 For those folks who live out in the country I'm 

13 going to assume they would be far more susceptible to 

14 hearing noises and problems and being discomforted by 

15 them than folks who live in the city. 

16 THE WITNESS: Well, every wind project that I 

17 can think of that we worked on has been in a rura l area. 

18 COMMISSIONER HANSON: Right. 

19 THE WITNESS: Probably very similar to this. 

20 COMMI SSIONER HANSON: So is my assumption 

21 correct that folks who live out in the country are going 

22 to be bothered more by noise -- by a new introduction of 

23 a new noise than folks in the city, for instance? 

2.4 THE WITNESS: Oh, yeah. Definitely, 

25 COMMISSIONER HANSON: I grew up three houses 
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1 away from a railroad track, and I can sleep through the 

2 horns and a thunderstorm and everything else, but a clock 

3 ticking on the wall or a water dripping really bothers 

4 the heck out of me. 

5 So with that type of a challenge, I can go move 

6 that clock. I can fix the water faucet. Do we suggest 

7 earplugs for the folks out In the country? 

8 THE WITNESS: No. And, as I mentioned, there·s 

9 always -- I can't -- there might have been one or two 

10 that there were no reported complaints. But there's 

11 always a few people that are bothered, and they're really 

12 bothered. Really bothered. 

13 COMMISSIONER HANSON: In your experience, do 

14 most of the people who are bothered at first adapt to it? 

15 We're talking about the people who are really 

16 bothered. Do they ever adjust to It, or do they -- as 

17 you suggested, some people move? 

18 THE WITNESS: I think people end up getting used 

19 to It like your railroad, but I don't know. I've never 

20 done any follow-up study to see If people are still upset 

21 about it years later. I don·t know. 

22 COMMISSIONER HANSON: All r ight. Thank you very 

23 much for your testimony. Appreciate it. And enjoyed it. 

24 Thank you. 

25 THE WITNESS: Okay. 

COMMISSIONER NELSON: And an additional 

2 quest ion. If I'm standing a mlle away from an operating 

3 wind turbine, I can hear the whoosh, and I know what it 

4 Is. I know where the whoosh is coming from. 

5 If you're measuring infrasound or attempting to 

6 measure lnfrasound, how can you tell the origin of it? 

7 Or can you? 

8 THE WITNESS: Well, this infrasound has a 

9 distinctive frequency signature. It would be a . 7 hertz, 

10 which corresponds to the -- how often the blades go by 

11 the tower. So you would look -- you would see it In the 

12 Industry. 

13 COMMISSIONER NELSON: Thank you. 

14 THE WITNESS: Yeah. 

15 MR. DE HUECK: Well, I think -- Reece, how long 

16 is your -- well, okay. Do you have -- how long would 

17 your redirect be? How long -- a while? Should we break 

18 for lunch? 

19 Okay. It's 12:07. 1:30 we come back? 

20 MR. ALMOND: As we discussed earlier this 

21 morning, we were hoping to have the telephonic witnesses 

22 start right after lunch so we can get them set up during 

23 the lunch break. If we don't want to finish, I get that 

24 we can take a break but --

25 MR, DE HUECK: Well, okay. That will work. 

781 

782 

1 MR. ALMOND: I don't have very much. 

2 MR. DE HUECK: Okay. Let's go ahead and do some 

3 redirect and recross. 

4 MS. EDWARDS: All right. 

5 REDIRECT EXAMINATION 
6 BY MS, EDWARDS: 

7 a. Mr. Hessler, you stated there is a lot of opposition 

8 to this project. Was that based off of your knowledge of 

9 other projects you've worked on? 

10 A. Yeah. I would say there was a high level of 

11 apprehension about this project just by the sheer volume 

12 of all the testimony and Intervenor witnesses and so on 

13 compared to other projects. 

14 Q. You also stated once this morning that Mr. Cooper 

15 had finally demonstrated a link. Did you have reason to 

16 believe prior to that study that link was already there, 

17 or was this all new to you? 

18 A. Prior to that study I thought something was 

19 happening but wasn't entirely convinced what was going 

20 on, and that study kind of put me to the other side where 

21 it's pretty clear that those pulsations can be perceived 

22 by certain people, 

23 I mean, I thought that before, but there was never 

24 any evidence, although there's been many, many studies 

25 and papers about it. 
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1 Q . So with that in mind and with your testimony In 

2 response to Commissioner questions that it's a fairly 

3 small number of people, would you -- in the project that 

4 you·ve worked on have you seen it just -- people be 

5 irreparably split in the community and just fight in the 

6 streets forever or --

7 A. Yeah. It is very divisive, yeah. Almost all 

8 projects, especially before they're built. At this stage 

9 there's a lot of dread and apprehension about it. That's 

10 mostly attributed to -- attributable to the internet 

11 sites. 

12 Q. In response to Ms. Jenkins's questions about that 

13 study In I believe it was Maine? 

14 A. Yeah. 

15 Q. There was some confusion about what your role was. 

16 Could there have been another sound expert that was 

17 involved that would answer what she was getting at and 

18 that was outside of your role? 

19 A. Well, what I do know about that is it was somebody 

20 else's work that I was asked to look at. I didn't do the 

21 study or anything. I just was commenting on it. 

22 Q. Do you recall based upon the noise assessments you 

23 reviewed what the max dBA was at a receptor? 

2.t A. You mean what was the highest predicted on any other 

25 project? 
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1 a. 
2 A. 

3 

4 42. 

This project. 

On this project. Okay. 

Right now I believe it's 41.9, which I would call 

5 Q. Would you expect 42 dBA would, in your experience, 

6 cause people to change their daily lives and behavior? 
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7 A. Hard to say. That's a pretty low level getting down 

8 towards the ideal point of 40. But there's still a 

9 possibility of complaints. In between 40 and 45 there's 

10 a definite possibility of complaints. 

11 MS. EDWARDS: Thank YOU very much, I have no 

12 further questions. 

13 MR. DE HUECK: Recross, Prevailing Winds? 

14 MS. SMITH: No, I don't have any. Thank you. 

15 MR. DE HUECK: Mr. Almond. 

16 MR. ALMOND: Briefly. 

17 RECROSS-EXAMINATION 

18 BY MR. ALMOND: 

19 Q. I think you were talking with Commissioner Hanson 

20 about the number of complaints with the physical symptoms 

21 of nausea, dizziness, et cetera that you talked about 

22 Shirley or attributed to this infrasound, that t here are 

23 wind farms all around the country, you've studied 15 of 

24 them or maybe more but you haven't heard many 

25 complaints. 

1 Wouldn't you expect that the number of complaints 

2 might be skewed If there are confidentiality provisions 

3 and certain contractual provisions that would prevent 

4 people from living around turbines from making such 

5 complaints? 

6 MS. SMITH: Obj ection. This is outside the 

7 scope of his testimony. 

8 MR. DE HUECK: I agree. 

9 A. I would say that I 've seen cases --

10 MR. DE HUECK: Dr . Hessler, I 'm sorry. Don't 

11 answer the question. 

12 THE WITNESS: Okay, 

13 Q. Your opinion on the quantity of people affected by 

14 infrasound is based off of those -- is based off 

15 complaints that people have made; correct? 
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16 A. It is based off of our experience at Shirley and our 

17 experience at all other projects where we did not hear 

18 about that, and the fact that I have -- I'm not aware of 

19 any other projects where that was an Issue, out of 50,000 

20 wind turbines out there in this country. 

21 Q. Are you aware of your other projects whether or not 

22 anyone was prohibited from makino complaints? 

23 A. I don't know, but my understanding Is that 

24 participants - -

25 MS. SMITH: Objection. This is speculation. 

1 

2 that. 

3 

THE WITNESS : Yeah. Yeah. I would agree with 

MR. ALMOND: Based on that , I don't have any 

4 other questions for you, Mr. Hessler. 

5 MR. DE HUECK: Mr. Fuerniss. 

6 RECROSS- EXAMINATION 

7 BY MR. FUERNI SS: 

8 Q. Yes. Commissioner Nelson is trying to get at the 

9 bottom of how far th is cou ld go, the lnfrasound 

10 especially. 

11 Could that be affected or enhanced by more or less 

12 hilly terrain, valleys, so forth? Would that make a 

13 difference? 
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14 A, In theory if the turbine were on a hilltop and there 

15 was a valley in between and your house or some point of 

16 observation was on the next hill, you would •· there 

17 would be a loss of ground absorption attenuation because 

18 of the valley in between so the sound would get over 

19 there more than it would over flat ground. 

20 However, I don't think ground absorption has any 

21 real effect at that low end of the frequency spectrum. 

22 So now that I've reasoned it out in my head as I was 

23 talking, I would say it doesn't make too much 

24 difference. 

25 Q. Okay. When you're talking 40 dBA or 4 5 dBA, which 
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1 metric are you using? Are you talking L90? 

2 A. Well, that's interesting you should say that because 

3 that is the descriptor that we use to actually try to 

4 measure an operating project because it filters out cars 

5 going by and sporadic contaminating events and gets out 

6 the underlying steady -- and it is more or less steady 

7 sound level. 

8 So we use the L90 at houses and then the L90 miles 

9 away as a background, and then we subtract the two to get 

10 what is the project doing. And if you try to use any 

11 other statistical like the average, the Leq or the l10 or 

12 the Lmax, you're getting progressively worse in your 

13 ability to detect the project alone and you're only 

14 detecting other things that are unrelated to the 

15 project. 

16 Q. Okay. 

17 A. That was a good question. 

18 Q. Would It be appropriate to recommend different 

19 levels for time of day, dayt ime, evening, nighttime? 

20 A. Well, the trouble with that, It's not practical to 

21 change the noise emissions in the project. They are what 

22 they are 24 hours a day. There's no way to substantially 

23 change the sound at night, for instance, to lower It, 

24 other than possibly putting some or all of the units in a 

25 low noise mode. 
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1 But the improvement in doing that isn't all that 

2 dramatic, in my experience. 

3 Q. Are there some jurisdictions that do, in fact, 

4 require different levels from day and night? 

5 A. Yeah. Many, many ordinances are -- expresses 
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6 day/night. But when it comes to wind turbines you just 

7 have to take the nighttime level as the design and forget 

8 about the daytime. Because, llke I said, the sound level 

9 is the sound level, and you don't have any control over 

10 It really. 

11 Q. Okay. One last question. Are you familiar with 

12 bone attached hearing aids? And if you are -- one 

13 question at a time. 

14 Are you familiar with those? 

15 A. I'm familiar with hearing aids. My wife really 

16 relies on them, but I'm not an expert on it. 

17 Q . Okay. So you wouldn't be able to address that for 

18 us then? 

19 A. I don't think so. 

20 MR. FUERNISS: Thank you. 

21 MR. DE HUECK: Ms. Jenkins. 

22 MS. JENKINS: Just a couple questions. 

23 RECROSS-EXAMINATION 

24 BY MS. JENKINS: 

25 Q. I'm sorry, but I missed. The Shirley Wind Farm when 
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1 you visited that, what year was that? 

2 A. 2010 -- it's right here. December 24, 2012. 

3 Q. Thank you. Can lnfrasound be measured inside a 

4 house? 

5 A. That's probably the only place it can be measured. 

6 Q. Okay. 

7 A. Because you're out of the elements there. 

8 Q. And was your -- the main project that I mentioned 

9 earlier, was your role at that project the same as your 

10 role Is here? Did you review this sound study? 

11 A. I reviewed a sound study. What it was about, I 

12 can't recall. I'm taking It off my resume. 

13 Q . I'm sorry. You cou ld just refresh your memory 

14 because you might need It again. 

15 A. I'll have to pull the folder out back at the office. 

16 Big embarrassment. 

17 Q. Yeah. When you do a sound study or when a sound 

18 study is ordered is it done at a certain time of year, 

19 or how do you choose when you're going to do a sound 

20 study? 

21 A. You typically want to do them during the cold 

22 weather season of the year when the leaves are off the 

23 trees just to minimi::te the contamination from leaves 

24 rattling and -- and summertime you get crickets and all 

25 kinds: of stuff that messes up the meilsurements. So 
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1 during the winter. 

2 Q. Okay. When you do a sound study is there -- do you 

3 get a report from the - - like the operation maintenance 

4 facility of how the wind turbines are operating, meaning 

5 are they operating at the speed of the conditions or are 

6 they -- do you have proof of that? 

7 A. Yeah. We get a log of what the megawatt output was 

8 for all the units as a function of time over the survey 

9 so we can identify If there's any down for maintenance or 

10 anything else. 

11 Q. And can you tell whether they're operating at the 

12 normal level they would when they just do It on their 

13 own? 

14 A. Yeah. Because we also get the wind speed throughout 

15 the survey, and once the wind speed gets above usually 

16 7 meters per second, they're at full power. 

17 Q. Okay. I think there's just one more. 

18 MS. JENKINS: No. I have no more questions. 

19 Thank you. 

20 THE WITNESS: All right. You're welcome. 

21 MR. DE HUECK: Ms. Pazour. 

22 RECROSS-EXAMINATION 

23 BY MS. PAZOUR: 

24 Q. I have a question for you. Like lnfrasounds next to 

25 a wind turbine, like with somebody that's sensitive to 

1 noise, would that be more bothersome for them? 

2 A. If that person had this particular sensitivity that 

3 we've been talking about, then yes. 

4 Q. Like somebody with like a -- like a hearing aid. 

5 A. No. No. I don't think that would make any 

6 difference. 

7 Q . With the ear or nothing? 

8 A. Huh-uh. 

9 MS. PAZOUR: Okay. 
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10 MR. DE HUECK: Did you have anymore questions? 

11 CHAIRWOMAN FIEGEN: She can just word It, and 

12 you'll make a decision. 

13 MR. DE HUECK: Just throw It out there. Throw 

14 it out there. 

15 Q. I guess, Is it possible between infrasounds and 

16 reversible systems that the inner ear could feel 

17 infrasounds? 

18 A. That sounds like a question for one of those doctors 

19 mixed up in this thing. 

20 MS. PAZOUR: Okay. 

21 MR. DE HUECK: Okay. Mr. Hessler, thank you for 

22 your testimony. You're excused. 

23 (The witness is excused.) 

24 MR. DE HUECK: We'll break for lunch and plan on 

25 getting things rocking at 1 :45. 
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CANONS OF ETHICS

for the

Institute of Noise Control Engineering of the USA

PREAMBLE

Noise control engineering is an important and learned profession crossing many branches

of science and engineering. The members of the profession recognize that their work has

a direct and vital impact on the quality of life for all people, and protects and preserves

human hearing from the effects of excessive noise exposure. Accordingly, members of

the Institute of Noise Control Engineering of the United States of America (INCE) must

be honest, impartial, fair and equitable, and must be dedicated to the protection of the

public health, safety, and welfare in the practice of their professional work. INCE

members' practice and professional behavior must adhere to the highest principles of

ethical conduct out of regard for the public, clients, employees, the profession at large,

and the Institute of Noise Control Engineering itself.

I.    FUNDAMENTAL CANONS

    1.    Hold paramount the safety, health and welfare of the public.

    2.    Provide services only in areas of their competence.

    3.    Issue public statements in an objective and truthful manner.

    4.    Act as faithful agents or trustees in all professional matters concerning their

employers, clients, and the Institute.

    5.    Avoid improper solicitation of professional assignments, and deal with all

professional colleagues, collaborators, and client personnel in a highly ethical      manner

under the rules of practice enumerated in these Canons.

II.    RULES OF PRACTICE

    1.    INCE members shall hold paramount the safety, health, and welfare of the public

in the performance of their professional duties and shall:

        a.    Notify their client and such other authority as may be appropriate, if their

professional judgment is overruled under circumstances where the public safety, health,

property, or welfare are endangered.

        b.    Approve only noise control engineering studies, reports, or work which, to the

best of their knowledge and belief, is safe for public health, property, and welfare and in

conformance with accepted practice.

        c.    Not reveal facts, data or information obtained in a professional capacity without

the proper consent of their client or their employer except as authorized or by law or by

these Canons.

        d.    Not permit the illegal use of their name or their firm's name.

        e.    Not associate in business ventures with any person or firm which they have

reason to believe is engaging in or intends to engage in fraudulent or dishonest business

or professional practices.

        f.    Cooperate with proper authorities by furnishing requested information or

assistance in inquiries into violations of these Canons.
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    2.    INCE Members shall:

        a.    Undertake assignments only when qualified by education or experience in the

specific technical fields involved.

        b.    Not affix their signatures to any reports, plans, or documents dealing with

subject matter in which they lack competence nor to any plan or document not prepared

under their supervision.

        c.    Accept assignments outside of their immediate fields of competence only to the

extent that their individual services are restricted to those phases of the work in which

they are qualified and to the extent that they are satisfied that all other phases of such

work will be performed by qualified associates, consultants, or employees.

    3.    INCE Members shall:

        a.    Be objective, truthful, and complete in professional reports, statements, or

testimony.

        b.    Express publicly professional opinions on technical subjects only when that

opinion is founded upon adequate knowledge of the facts and competence in the subject

matter.

        c.    Shall issue no statements, criticisms, or arguments on technical matters which

are influenced, inspired, or paid for by interested parties, unless they have prefaced their

comments by explicitly identifying the interested parties on whose behalf they are

speaking and by revealing the existence of any interests that other parties may have in the

matters.

    4.    INCE Members shall act as faithful agents or trustees in professional matters

concerning their employers, clients, and the Institute itself, and shall:

        a.    Disclose all known or potential conflicts of interest to appropriate parties by

promptly informing them of any business association, interest or other circumstances

which could influence or appear to influence their honest and objective judgment of the

performance of their services.

        b.    Not accept compensation, financial or otherwise, from more than one party for

services on the same work unless the circumstances are fully disclosed to, and agreed to,

by all interested parties.

        c.    Not, when in public service as members of a government body or commission,

participate in decisions concerning matters that pertain to professional services solicited

or provided by them or their organizations.

        d.    Not solicit nor accept a professional contract for fee from a governmental body

or commission, of which they or another person in their organization are a member,

unless the governmental body or commission has publicly authorized same.

    5.    INCE Members shall avoid improper solicitation of professional assignments and

shall not:

        a.    Falsify or permit misrepresentation of their, or their associates', academic or

professional qualifications.

        b.    Misrepresent or exaggerate their degree of responsibility in matters of prior

assignments. Curricula vitae or other records of experience used in the solicitation of

assignments shall not misrepresent pertinent facts concerning employees, associates, joint
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ventures or past accomplishments with the intent and purpose of unduly enhancing

qualifications or experience.

        c.    Offer, give, solicit, nor receive, either directly or indirectly, any political

contribution intended to influence, or appearing to influence, the award of a contract by a

public authority.

        d.    Offer any gift or other valuable consideration in order to secure work.

        e.    Pay a commission, percentage or brokerage fee in order to secure work except

to employees or to bona fide commercial or marketing agencies retained for this purpose.

        f.    In the process of securing professional assignments for themselves, comment on,

denigrate or otherwise misrepresent the professional qualification of other colleagues

competing for the same assignments, nor take any actions during and following the

competitive proposal process that would bring discredit on themselves, their employer,

the profession of noise control engineering, or the Institute of Noise Control Engineering.

Approved by the Board of Directors of the Institute of Noise Control Engineering of the

United States of America on June 14, 1997.
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SPEARFISH, SO 57783-2755 
605-722-9000 

FAX 605-722-9001 

REPLY TO: Sioux Falls 605-332-5999 

From the office of Miles F. Schumacher 
e-mail address: mschumacher@lynr!Jackson.com 

June 3, 2019 

Via Electronic Filing 

Ms. Patricia Van Gerpen, Executive Director 
South Dakota Public Utilities Commission 
Capital Building, 1st Floor 
500 East Capital A venue 

Re: Docket #EL 19-003 
Application to the SD PUC for a Facility Permit to Construct 
A 300 megawatt Wind Facility 

Dear Ms. Van Gerpen: 

909 ST, JOSEPH STREET 

SUITE 800 
RAPID CITY, SD 57701-3301 

605-342-2592 
FAX 605-342-5185 

Attached for filing is Applicant's Witness and Exhibit List, as well as a Certificate of Service. 

If there are any questions, please contact me. 

Yours very truly, 

MFS/kab 

Enclosures 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

EL19-003 

APPLICANT'S WITNESS AND 
EXHIBIT LIST ) 

COMES NOW, Crowned Ridge Wind, LLC (Applicant) and hereby submits its 

Witness List and Exhibit List in preparation for the evidentiary hearing in the above

captioned docket. 

Applicant intends to call the following witness: 

Andrew Baker 
Sarah Sappington 
Tyler Wilhelm 
Mark Thompson 
Jay Haley 
Rich Lampiter 
Chris Ollson 
Bob McCunney 
Sam Massey 

Applicant intends to offer the following exhibits: 

EXHIBIT 
DESCRIPTION 

NUMBER 
-

Al Crowned Ridge Wind Farm's Application 
Al-A Appendix A - Figures 

Figure 1 - Project Area 
Figure 2 - Public Land and Facilities 
Figure 3 - Project Map 
Figure 4a · · Typical Wind Turbine Diagram 
Figure 4b Typical Wind Turbine Diagram 
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Al-B 
Al-C 
Al-D 
Al-E 
Al-F 
Al-G 
Al-H 
Al-I 
Al-J 
Al-K 
Al-L 
Al-M 
A2 
A3 
A4 
A5 
A6 
A7 
A7-l 
A7-2 
A7-3 
A7-4 
A7-5 
A7-6 
A8 

A9 

AlO 

Al 1 

Figure 5 - Typical Turbine Construction Site Layout 
Constraints Figure 6 - Environmental 

Figure 7 - Constraints Map 
Figure 8 - Topographic Ma p 
Figure 9a - Surficial Gcolo 
Figure 9b - Geology Cross 
Figure 10 - Bedrock Gcolo 
Figure 11 -- Soil Types 

gy 
Sections 
gy 

Figure 12 - Water Resourc cs 
Figure 13 -- Land Use 
Figure 14 - Common Soun d Levels in the Environment 

A ppendix B - Agency Coordin· 
Appendix C - Dakota Skipper a - -

Appendix D -- 2017-2018 3 a Jtc 
A ppendix E - Avian Use Survc 
Appendix F - Bat Habitat Asse 
Append ix G - Bat Acousti~ Su 
Appendix_ H - Sound Level Mo 
Appendix I --- Shadow Flicker 
Appendix J - County Condition al Use Permits 

:ffect Studies Appendix K -- Property Value l· 
Append ix L - Decommissionin g Plan 
Appendix M - Telecommunica tion Studies 
Pre-filed Testimony of Jay I-Ia! 
Pre-filed Testimony of Kimberl y Wells PH.D. 

horn son Pre-filed Testimony of Mark T 
Pre-filed Testimony and Exhibi ts of T ler Wilhelm and Sam Masse 
Supplemental Figure 3 a 
Responses to PUC Staffs First Set of Data Re uests 
Attachment to DR 1-1 --
Confidential Attachment 2 to D R 1-7 -
Confidential Attachment 1 to D 
Confidential Attachment I to D 
Confidential Attachment 1 to D 

-

Attachment to DR 1-10 
EAPC Wind Energy's Letter an 
Appendix H 
EAPC Wind Energy's Letter an 
Appendix I 

R 1-13 
R 1-7 
R 1-9 

d Updated Appendices A through D for 

d Updated Appendices A through D for 

EAPC Wind Energy's Letter an d Updated Landowner Participation Status 
for Appendi x H -
EAPC Wind Energy 's Letter an d U dated Landowner Partici ation Status 

2 
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A12 
A13 

Al4 

A15 

A16 
A16-1 
A16-2 
A16-3 
A16-4 
Al7 
A18 
A19 
A20 

A20-l 
A20-2 
A20-3 
A20-4 
A20-5 
A20-6 
A20-7 
A20-8 
A20-9 
A20-10 
A20-11 
A20-12 
A20-13 
A20-14 
A20-15 
A20-16 
A20-17 
A20-18 
A20-19 
A20-20 
A21 
A22 

for Appendix I 
US Fish and Wildlife Servi Letter regarding Environmental Comments cc's 

cc's M 
)WCr 

US Fish and Wildlife Servi emo regarding Region 6 Guidance for 
Minimizing Effects from Pc Line Projects Within the Whooping Crane 
Migration Corridor 
U.S. Fish and Wildlife Ser Region 6, Mountain-Prairie Region's VICC, 

Cons 
c Ser 
sign, 
SS1011 

econ 
to 2-

Outline for a Bird and Bat ervation Strategy: Wind Energy Projects 
2013 U.S. Fish and WildliD vice's Revised Voluntary Guidelines for 
Communication Tower De,' Siting, Construction, Operation, 
Retrofitting, and Decommi i!]g 

Responses to PUC Staffs S d Set of Data Requests 
Confidential Attachment 1 30 
Attachment 1 to 2-15 
Attachment 1 to 2-8 
Attachment 1 to 2-13 
Supplement to 1-11; Appcn s A, B & D 
Supplement to 1-12; Appcn sB&D 
Responses to PUC Staffs S d Set of Data Requests 
Responses to Amber Christ 

dixc 
dixc 
econ 
cnso n and Kristi Mogen's First Set of Data 

Requests 
Attachment I to 1-6 - -
Attachment 1 to 1-8 
Attachment 1 to 1-9 -
Attachment 1 to 1-10 ----
Attachment 1 to 1-11 
Attachment 1 to 1-12 
Attachment 1 to 1-13 
Attachment 1 to 1-1 7 
Attachment 1 to 1-18 --
Attachment 1 to 1-20 
Attachment 1 to 1-22 
Attachment 1 to 1-23 
Attachment 1 to 1-46 
Attachment 1 to 1-152 - /\ I ' nt's Responses to Staff )p!ica 
Attachment 1 to 2-8 
Attachment 1 to 2-13 

- -
Attachment 1 to 2-15 
Supplement to 1-12; Appc E ndix 

dix 
dix 

fMa 
'Jay 

Supplement to 1-12; Appcn F 
Supplement to 1-12; Appcn H 
Supplemental Testimon 0 rk Thompson 
Supplemental Tcstimon of I [ayley 

3 
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A22-l 

A22-2 

A22-3 

A23 
A24 
A24-1 
A24-2 

A24-3 

A24-4 

A24-5 

A24-6 

A24-7 

A24-8 

A24-9 

A24-10 
A24-l 1 

A24-12 

A24-13 

A24-13A 

A24-14 

A24-15 

A24-16 

Exhibit 1 - Supplemental Mater 
Status 
cd Ri 

ial That Updates Sound Study to Reflect 
Landowner Participation • 
Exhibit 2 - Tables: Crown dge Sound Level Tabular Results Sorted by 
Receptor ID 
Exhibit 3 - Supplemental Mater ial That Updates Shadow/Flicker Study to 
Reflect Landowner Partici Status 
Supplemental Testimony c er Wilhelm and Sam Massey 

ation 
)f Tyl 
of Chr 
llson 
sand 
llson 
nd Tu 
aud ct 
nd Tu 

Supplemental Testimony isiopher Ollson 
Exhibit 1 - Christop her 0 Curriculum Vitae 
Exhibit 2 - "Health Effect Wind Turbines: A Review of the 
Literature," Kno Qer & 0 
Exhibit 3 - "Effects of Wi rbine Noise on Self-Reported and Objective 
Measures of Slccr___:_ Mich al. 
Exhibit 4 - "Impact of Wi rbine Sound on Annoyance, Self-Reported 
Sleep Disturbance and l~s )g ical Distress," Bakker et al. ycholc 

Field 
>araJ11 

Audi 

Exhibit 5 -·· "Before-After Study ofEffeets of Wind Turbine Noise on 
Polysomnographic Sle_cp I cters," Jalai et al. 
Exhibit 6 --- "Health-based ble Noise Guidelines Account for Infrasound 

c Prod and Low-Frequency Nois · uced by Wind Turbines," Berger et al. 
Exhibit 7 - "Measurement .,evel of Infrasound From Wind Farms and and I 

ct al. 
cs and 
al. 

Other Sources," Turnbull 
Exhibit 8 - "Wind Turbin Health, A Critical Review of the Scientific 
Literature," McCunncy ct 
Exhibit 9 -· "Low-frequcn cy No 

cs," B 
nes an 

ise Including Infrasound From Wind 
Turbines and Other Sourc aden-Wurttenberg 
Exhibit 10 - "Wind Turbi d Human Health," Knapper et al. 
Exhibit 11 -- "Exposure to Turbine Noise: Perceptual Responses and 
Reported Health Effects," aud et al. 

Wind 
Mich 

Annoy 
Vari 

'Voic 
eldcn 
bines 

Exhibit 12 - "Estimating ance to Calculated Wind Turbine Shadow 
Flicker is Improved When ables Associated with Wind Turbine Noise 
Exposure are Considered.' ' CSCU et al. 
Exhibit 13 - "Notes on th tification and Evaluation of Optical 
Emissions from Wind Tur ," (in German) Landerausschuss fur 
Immissionsschutz 

-

Exhibit 13 - "Notes on th e Iden tification and Evaluation of Optical 
Emissions from Wind Tur bines 

ncs an 
," (in English) 

Exhibit 14 ·· "Wind Turbi d Photosensitive Epilepsy," Epilepsy 
Society 
Exhibit 15 -- "Wind Turbi licker, and Photosensitive Epilepsy: 
Characterizing the Flashin 

nes , F 
g The 
m:· I 
Wind 

1t May Precipitate Seizures and Optimizing 
Guidelines to Prevent The lm·d ing et al. 

- --
Exhibit 16 - "Potential of Turbines to Elicit Seizures Under Various 

4 
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A24-l 7 

A25 
A26 
A26-1 
A26-2 
A26-3 
A27 
A28 
A29 
A30 
A31 
A31-1 
A32 
A32-l 
A32-2 
A33 
A34 
A35 
A35-1 
A35-2 
A35-3 
A35-4 
A35-5 
A35-6 
A35-7 
A35-8 
A35-9 
A35-10 
A35-1 l 
A35-12 
A36 
A37 
A37-l 

A37-2 
A37-3 
A38 
A38-l 
A38-2 

Meteorological Conditio ns," Sm cdley et al. 
Exhibit 17 -- "Update of UK Sh 

:hangc 
nbcrl y 

adow Flicker Evidence Base," Department 
of Energy and Climate C 
Direct Testimony of' Ki, Wells, Ph.D. Adopted by Sarah Sappington 
Responses to PUC Staff Set of Data Requests s Third 

1 to 3 Confidential Attachment -2 
Attachment 1 to 3-5 
Attachment 1 to 3-10 
Res onses to PUC Staff s Fourt 

on of ' 
cation 
lyWel 
s to PU 

h Set of Data Reguests 
Letter regar~ng Allocati I 'ax Revenues 
Amendment to the Appli Crowned Ridge Wind, LLC 
Letter regarding Kimber. ls 
Supplemental Response" C Staffs First Set of Data Requests 
Attachment - Notice off ~nlr o 

s Fifth 
fFindings of Fact . 

Responses to PUC Staff Set of Data Requests 
Confidential Attachment 1 to S taff 5-1 -
Attachment 1 - Fig_~~ 3 

-

Applicant's Responses tc ) Intcrv cnor's Third Set 
Applicant's Response, t o Intcrv 

p · 
cnor's Second Set 

PUC ltr fwd _l:!J)dated ma. 
Revised Figure 2 - Publi and Facilities 
Revised Figure 3 - Projc 
Revised Figure 3a - Proj p 

c I ,and 
ct Map 
ect Ma 
onmcn 
train ts 
graphic 
icial G 
logy C 
rock G 
Typ ·s 

Revised Figure 6 - Envir tal Constraints 
Revised Figure 7 - Cons Map 
Revised Figure 8 - To o ·Map 
Revised Figure 9a - SmJ eolog).:'. 
Revised Figure 9b - Geo ross Sections 
Revised Fig_u1~ 10 -Bed cology 
Revised Figu1~ 11 - Soi l 
Revise.9 Fig!,t_IC 12 - Wat er Rcsc 

d Use Revised Figure 13 --=--1._,an 
mrces 

s to PU Supplemental Response," C Staffs Data Request 2-41 
Rebuttal Testimony of Mark Th 

and Wa Confidential GE Power ' 
ompson 
tcr - Original - Technical Documentation 

Wind Turbine Generator ns 1 &2MW Platform - 50/60 Hz Systc1 
Stall D 
etback 
hris 0 

-
Applicant's Response to ata Request 5-2 
GE Recommendation "S Consideration Generic xxHz EN r04" -
Rebuttal Testimony of C llson 
Noise Annoyance in Ca 
The UK National Noise 

nada 
Attitud 

Conference 20 Ma)'. 200 2 

5 

e Survey 1999/2000 - Noise Forum 
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A38-3 

A38-4 

A38-5 

A38-6 

A38-7 

A39 
A39-l 
A39-2 
A39-3 

A40 
A40-l 
A40-2 
A40-3 

A40-4 

A40-5 
A40-6 
A40-7 

A40-8 

A40-9 

A41 
A41-l 
A41-2 

A41-3 

A41-4 
A42 
A42-1 
A43 

-
The Association Between {cported and Objective Measures of Health Self-I 

e Scor 
y of Li 
Vicin 
ntal a 
chool 
I. Infra 

and Aggregate Annoyanc cs Toward Wind Turbine Installations 
An Assessment of Qualit fc Using the WHOQOL-BREF Among 
Participants Living in the ity of Wind Turbines 
The Effects of Environme nd Classroom Noise on the Academic 
Attainments of Primary S Children ----
Low-frequency Noise Inc , sound From Wind Turbines and Other 
Sources -- -
The Pattern of Complaint t Australian Wind Farms Does Not Match s abou 

stribut 
ated]) 

ndrew 

the Establishment and Di e' ion of Turbines: Support for the 
Psychogenic,~ Communic iscase' Hypothesis 
Rebuttal Testimony of A 
Qualifications 
Valbridge Pro crty Advis alue Im2act Stud Report 
The Windy City: Property 

ors - V 
Yalu c Impacts of Wind Turbines in an Urban 

Setting 
-- -

Rebuttal Testim~l]_x'_Of Dr -rt McCunne . Rohe 
Curriculum Vitae 

-

Guidelines for the Dia >no S IS an d Management of Asthma 
Risk-Factor Exposure in Case-Control The Scope for Biased Re, call or 

Cohor 
Phcno 
comes 

Studies: Evidence from a t Study of Scottish Men 
The Placebo and Nocebo mcna: Their Clinical Management and 
Impact on Treatment Out 
Nocebo Effect of Informc sent in Interventional Procedures - -
The Nocebo Effect in the xt of Statin Intolerance 

- --
Fright Factors About Win 

d Con 
Conte 
d Tur bines and Health in Ontario Newspapers 

Before and After the Gre rgy Act 
The Pattern of Complaint l Australian Wind Farms Does Not Match 
the Establishment and Di e' 

en E111.: 

s abou 
stribut 
atcd ]) 
ound 
11 Lev 
chard 

ion of Turbines: Support for the 
Psychogeni c, 'Communic' iscasc' Hypothesis 
Can Road Traffic Mask S from Wind Turbines? Response to Wind 
Turbine Sound at Differe1 els of Road Traffic Sound -
Rebuttal Testimonx_~f Ri Lampeter 
Curriculum Vitae -
Wind Turbine Health Imp act St udy: Report of Independent Expert Panel -
January 2012 --
Assessing Sound Emissio 
Performance or Compl~tc 
Noise Control Engineerin 
Rebuttal ·1 ·cslimon o f Sa 

- -
M aps --

)m Proposed Wind Farms & Measuring the ns Frc 
d Proj 
g .lour 
rah Sa 

ccts 
nal - March-A ril2011 
ppington 

Rebuttal Testimony of Ja y I I ale y 

6 

006542

ADMINISTRATIVE RECORD Page 277 of 285

- Page 1716 -



A43-1 Crowned Ridge Wind Far 
A43-2 Crowned Ridge Wind Far 
A43-3 Crowned Ridge Sound Le 

Realistic -
A43-4 Crowned Ridge Sound Le 

Turbines Remov d) -
A43-5 Crowned Ridge Sound Le 

Realistic - --
A44 Rebuttal Testimony of T 
A44-1 Letter From Dennis Schm 

---
A44-2 Updated Maps 

-

hadow Flicker !so-Lines Overview Map mS 
m S 
vcl · 

ound Pressure !so-Lines Overview Map 
l'abular Results Sorted by Sound Level 

vel · rabular Results Sorted by Sound Level (16 

vel · I'abular Results Sorted by Receptor ID 

!er W 
elin 

_Dhelm and Sam Massey 
g 

Applicant reserves the right to file additional exhibits when exhibits and lists are 

due if necessary. 

In addition, Applicant reserves the right to introduce additional exhibits necessary 

to rebut evidence presented by any other party in this docket or for impeachment and 

other legally permissible purposes. All Applicant exhibits are or will be available 

electronically in the docket. 

7,.,1 
Dated this -~------ day June, 2019 . 

· es F. Sc . umachcr 
Attorneys for Applicant 
Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 

7 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF' THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Applicant's Witness and Exhibit 

List in this matter were served electronically to the parties listed below on the 3rd day of 

June, 2019, addressed to: 

Ms. Patricia Van Gerpen 
Executive Director 
patty.vangerpen@state.sd. us 

Ms. Kristen Edwards 
Staff Attorney 
Kristen.Edwards@state.sd . us 

Ms. Amanda Reiss 
Staff Attorney 
Amanda.reiss@state. cl . us 

Mr. Darren Kearney 
Staff Analyst 
Darren .kearney@state.sd. us 

Mr. Jon Thurber 
Staff Analyst 
Jon.thurber@state.sd. us 

Mr. Eric Paulson 
Staff Analyst 
Eric.paulson@state.sd. us 
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Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
Brian.j.murphy@n ·e.c m 

Mr. Tyler Wilhelm 
Associate Project Manager 
NextEra Energy Resources, LLC 
Tyler. Wilh lm@next "raenergy.com 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Mikal.han once , tat · .. d. u 

~ 

Ms. Cindy Brugman 
Auditor 
Codington County 
14 First Ave. SE 
Watertown, SD 57201 
cbrugman@codington.org 

Ms. Karen Layher 
Auditor 
Grant County 
210 E. Fifth Ave. 
Milbank, SD 57252 
Karen.Layher@statc.sd. us 
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Mr. David Ganje 
Representing Intervenors Mr. Allen Robish. 
Ms. Amber Christenson, Ms. Kristi Mogen, 
Ms. Melissa Lynch and Mr. Patrick Lynch 
Ganje Law Offices 
davidganje@ganjelaw. om 

· . . Scliumacher 
· ttorneys for Applicant 

Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 
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1

 
 

 
 
-----Original Message----- 
From: Thyen, Dennis   
Sent: Monday, June 3, 2019 6:51 AM 
To: PUC-DOCKET FILINGS <PUCDocketFilings@state.sd.us>; Edwards, 
Kristen  
Subject: [EXT] Docket EL-19-003 
 
PUC Commission and Staff,  
 
My family and I live within the boundary of the Crowned Ridge Wind 1 
project and are currently shown as participators on the maps.  We initially 
signed a lease in July of 2007.  It has since expired.  We also were released 
from the lease in a letter from Boulevard Associates in 2012 (please see 
attached).  We are currently non-participators and would like to be treated 
as such with full non-participator setbacks granted to us.  Please post this to 
the docket of EL-19-003. 
 
Thank you, 
Dennis Thyen  
 
 
 
-----Original Message----- 

  
Sent: Monday, June 03, 2019 6:27 AM 006547
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2

To: Thyen, Dennis  
Subject: Scanned from a Xerox Multifunction Printer 
 
 
 
Please open the attached document.  It was scanned and sent to you using 
a Xerox Multifunction Printer. 
 
Attachment File Type: pdf, Multi-Page 
 
Multifunction Printer Location: Upstairs, 500 Oakwood Road, Watertown, 
SD 57201  
Device Name: XRX9C934E5EBF47  
 
 
For more information on Xerox products and solutions, please visit 
http://www.xerox.com 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Applicant's Responses to 

Intervenor's Fifth Set of Data Requests to Crowned Ridge Wind, LLC in this matter were 

served electronically to the parties listed below on the 4th day of June, 2019, addressed 

to: 

Ms. Patricia Van Gerpen 
Executive Director 
patty.vangerpen@state.sd.us 

Ms. Kristen Edwards 
Staff Attorney 
Krist n.Edwards@state.sd.us 

Ms. Amanda Reiss 
Staff Attorney 
Amanda.reiss@state.sd. us 

Mr. Darren Kearney 
Staff Analyst 
Darren .kearney@state. d. us 

Mr. Jon Thurber 
Staff Analyst 
Jon.thurber@state.sd.us 

Mr. Eric Paulson 
Staff Analyst 
Eric.pau lson@state.sd.us 
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Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
Brian.j.murphy@n e.com 

Mr. Tyler Wilhelm 
Associate Project Manager 
NextEra Energy Resources, LLC 
Tyler.WiJb elm@nextera nergy.com 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Mikal.hanson@state.sd.us 

Ms. Cindy Brugman 
Auditor 
Codington County 
14 First Ave. SE 
Watertown, SD 57201 
cbrugman@codington.org 

Ms. Karen Layher 
Auditor 
Grant County 
210 E. Fifth Ave. 
Milbank, SD 57252 
Karen._ ayher@state.sd.us 
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Mr. David Ganje 
Representing Intervenors Mr. Allen Robish. 
Ms. Amber Christenson, Ms. Kristi Mogen, 
Ms. Melissa Lynch and Mr. Patrick Lynch 
Ganje Law Offices 
davidganje@ganjelaw.com 

umacher 
Attorneys for Applicant 
Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Applicant's Responses to Staffs 

Sixth Set of Data Requests to Crowned Ridge Wind, LLC in this matter were served 

electronically to the parties listed below on the 4th day of June, 2019, addressed to: 

Ms. Patricia Van Gerpen 
Executive Director 
patty.vang rpen@state.sd.us 

Ms. Kristen Edwards 
Staff Attorney 
Kristen.Edwards@state.sd.us 

Ms. Amanda Reiss 
Staff Attorney 
Amanda .reiss@stat .sd.us 

Mr. Darren Kearney 
Staff Analyst 
Darren.kearney@state. d. us 

Mr. Jon Thurber 
Staff Analyst 
Jon.thurber@state.sd.us 

Mr. Eric Paulson 
Staff Analyst 
Eric.paulson@state.sd. us 
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Mr. Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
Brian.j.murphy@nee.com 

Mr. Tyler Wilhelm 
Associate Project Manager 
NextEra Energy Resources, LLC 
Tyl er. Willie I m@nexteraenergy.com 

Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Mikal.hanson@state.sd. us 

Ms. Cindy Brugman 
Auditor 
Codington County 
14 First Ave. SE 
Watertown, SD 57201 
cbJugman@cod ington. org 

Ms. Karen Layher 
Auditor 
Grant County 
210 E. Fifth Ave. 
Milbank, SD 57252 
Karen.Layher@ tate.sd.us 

,1., ... c.....,..._ chumacher 
Attorneys for Applicant 
Lynn, Jackson, Shultz & Lebrun, PC 
110 N. Minnesota Ave., Suite 400 
Sioux Falls, SD 57104 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION ) 
BY CROWNED RIDGE WIND, LLC FOR A ) 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES ) 

) 

EL19-003 

CERTIFICATE OF SERVICE 

I hereby certify that true and correct copies of Applicant's Responses to Staffs 

Sixth Set of Data Requests to Crowned Ridge Wind, LLC, with a confidential portion 
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ABSTRACT 

The WHO Regional Office for Europe set up a working group of 
experts to provide scientific advice to the Member States for the 
development of future legislation and policy action in the area of 
assessment and control of night noise exposure. The working 
group reviewed available scientific evidence on the health effects 
of night noise, and derived health-based guideline values. In 
December 2006, the working group and stakeholders from indus
try, government and nongovernmental organizations reviewed 
and reached general agreement on the guideline values and key 
texts for the final document of the Night noise guidelines for 
Europe. 

Considering the scientific evidence on the thresholds of night noise 
exposure indicated by Lnight,outside as defined m the 
Environmental Noise Directive (2002/49/EC), an Lnight,outside of 
40 dB should be the target of the night noise guideline {NNG) to 
protect the public, including the most vulnerable groups such as 
children, the chronically ill and the elderly. Lnight,outside value of 
55 dB is recommended as an interim target for the countries where 
the NNG cannot be achieved in the short term for various rea
sons, and where policy-makers choose to adopt a stepwise 
approach. These guidelines are applicable to the Member States of 
the European Region, and may be considered as an extension to, 
as well as an update of, the previous WHO Guidelines for com
munity noise (1999). 

! 
! 

' 

I 
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FOREWORD 

WHO defines health as a state of complete physical, mental and 
social well-being and not merely the absence of disease or infirmity, 
and recognizes the enjoyment of the highest attainable standard of 
health as one of the fundamental rights of every human being. 
Environmental noise is a threat co public health, having negative 
impacts on human health and well-being. In order to support the 
efforts of the Member States in protecting the population's health 
from the harmful levels of noise, WHO issued Guidelines for com
munity noise in 1999, which includes guideline values for commu
nity noise in various settings based on the scientific evidence avail
able. The evidence on health impacts of night noise has been accu
mulated since then. 

In the WHO European Region, environmental noise emerged as 
the leading environmental nuisance triggering one of the most 
common public complaints in many Member States. The 
European Union tackled the problem of environmental noise with 
an international law on the assessment and management of envi
ronmental noise. The WHO Regional Office for Europe devel
oped the Night noise guidelines for Europe to provide expertise 
and scientific advice to the Member States in developing future 
legislations in the area of night noise exposure control and surveil
lance, with the support of the European Commission. This guide
lines document reviews the health effects of night time noise.expo
sure, examines exposure-effects relations, and presents guideline 
values of night noise exposure to prevent harmful effects of night 
noise in Europe. Although these guidelines are neither standards 
nor legally binding criteria, they are designed to offer guidance in 
reducing the health impacts of night noise based on expert evalu
ation of scientific evidence in Europe. 

The review of scientific evidence and the derivation of guideline 
values were conducted by outstanding scientists. The contents of 
the document were peer reviewed and discussed for a consensus 
among the experts and the stakeholders from industry, govern
ment and nongovernmental organizations. We at WHO are 
thankful for those who contributed to the development and pres
entation of this guidelines and believe that this work will con
tribute to improving the health of the people in the Region. 

Marc Danzon 
WHO Regional Director for Europe 
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EXECUTIVE SUMMARY 

INTRODUCTION 
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The aim of this document is to present the conclusions of the WHO working group 
responsible for preparing guidelines for exposure to noise during sleep. This docu
ment can be seen as an extension of the WHO Guidelines for community noise 
(1999). The need for "health-based" guidelines originated in part from the European 
Union Directive 2002/49/EC relating to the assessment and management of environ
mental noise (commonly known as the Environmental Noise Directive and abbrevi
ated as END) which compels European Union Member States to produce noise maps 
and data about night exposure from mid-2007. The work was made possible by a 
grant from the European Commission and contributions from the Swiss and German 
governments. 

Although a number of countries do have legislation directed at controlling night 
noise exposure, there is little information on actual exposure and its subsequent 
effects on the population. Estimates made in some countries of the number of peo
ple highly disturbed by noise during sleep (see Fig. 1 for the Netherlands as an exam
ple) indicate that a substantial part of the population could be exposed to levels that 
might risk their health and well-being. 

30 

28 

26 

Year 

~ 1998 

0 2003 

Road traffic Air traffic Rail traffic Industry 
Total Neighbours Recreation Construction 

Fig. 1. 
Percentage of 
population highly 
disturbed by noise 
during sleep in the 
Netherlands: 
survey results for 
1998 and 2003 

As direct evidence concerning the effects of night noise on health is rarely available, 
these guidelines also use indirect evidence: the effects of noise on sleep and the rela
tions between sleep and health. The advantage of this approach is that a lot of med
ical evidence is available on the relation between sleep and health, and detailed infor
mation also exists on sleep disturbance by noise. 
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- EXECUTIVE SUMMARY 

PROCESS OF DEVELOPING GUIDELINES 
In 2003, the WHO Regional Office for Europe set up a working group of experts to 
provide scientific advice to the European Commission and to its Member States for 
the development of future legislation and policy action in the area of control and sur
veillance of night noise exposure. The review of available scientific evidence on the 
health effects of night noise was carried out by an interdisciplinary team who set out 
to derive health-based guideline values. The contributions from the experts were 
reviewed by the team and integrated into draft reports following discussion at four 
technical meetings of the working group. In 2006, all the draft reports were com
piled into a draft document on guidelines for exposure to noise at night, which was 
reviewed and commented on by a number of stakeholders and experts. 

At the final conference in Bonn, Germany, on 14 December 2006, representatives 
from the working group and stakeholders from industry, government and non
governmental organizations reviewed the contents of the draft document chapter by 
chapter, discussed several fundamental issues and reached general agreement on the 
guideline values and related texts to be presented as conclusions of the final WHO 
Night noise guidelines for Europe. 

NOISE INDICATORS 
From the scientific point of view the best criterion for choosing a noise indicator is its 
ability to predict an effect. Therefore, for different health end points, different indica
tors could be chosen. Long-term effects such as cardiovascular disorders are more 
correlated with indicators summarizing the acoustic situation over a long time peri
od, such as yearly average of night noise level outside at the facade (Lnight,outside)1, 

while instantaneous effects such as sleep disturbance are better with the maximum 
level per event (LAmax), such as passage of a lorry, aeroplane or train. 

From a practical point of view, indicators should be easy to explain to the public so 
that they can be understood intuitively. Indicators should be consistent with existing 
practices in the legislation to enable quick and easy application and enforcement. 
Lnight,outside, adopted by the END, is an indicator of choice for both scientific and 
practical use. Among currently used indicators for regulatory purposes, LAeq (A
weighted equivalent sound pressure level) and LAmax are useful to predict short-term 
or instantaneous health effects. 

SLEEP TIME 
Time use studies, such as that undertaken by the Centre for Time Use Research, 
2006 (www.timeuse.org/access/), show that the average time adult people are in bed 
is around 7.5 hours, so the real average sleeping time is somewhat shorter. Due to 
personal factors like age and genetic make-up there is considerable variation in sleep
ing time and in beginning and end times. For these reasons, a fixed interval of 8 
hours is a minimal choice for night protection. 

Though results vary from one country to another, data show (see Fig. 2 as an exam
ple) that an 8-hour interval protects around 50% of the population and that it would 
take a period of 10 hours to protect 80%. On Sundays, sleeping time is consistently 
1 hour longer, probably due to people recovering from sleep debt incurred during the 
week. It should also be borne in mind that (young) children have longer sleeping 
times. 

1 Ln,~h, is defined in the END as the outside level. In order to avoid any doubt, the suffix "outside" is added in 
this document. 

I 
~ 
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Source: http:llw'!)w,ine.pt/prodservldestaquelarq11ivo.asp, 
based on a study by the lnstit11to Nacional de Estatistica Portugal, 1999. 

NOISE, SLEEP AND HEALTH 

0 
0 
,i 
"' 

Fig. 2 
Percentage of 
t ime that the 
Portuguese 
population spend 
asleep or in 
different 
activities 

There is plenty of evidence that sleep is a biological necessity, and disturbed sleep is 
associated with a number of health problems. Studies of sleep disturbance in chil
dren and in shift workers clearly show the adverse effects. 

Noise disturbs sleep by a number of direct and indirect pathways. Even at very low 
levels physiological reactions (increase in heart rate, body movements and arousals) 
can be reliably measured. Also, it was shown that awakening reactions are relative
ly rare, occurring at a much higher level than the physiological reactions. 

DEFINITION OF "SUFFICIENT" AND "LIMITED" EVIDENCE 

Sufficient evidence: A causal relation has been established between exposure to night 
noise and a health effect. In studies where coincidence, bias and distortion could rea
sonably be excluded, the relation could be observed. The biological plausibility of 
the noise leading to the health effect is also well established. 

Limited evidence: A relation between the noise and the health effect has not been 
observed directly, but there is available evidence of good quality supporting the 
causal association. Indirect evidence is often abundant, linking noise exposure to an 
intermediate effect of physiological changes which lead to the adverse health effects. 

The working group agreed that there is sufficient evidence that night noise is relat
ed to self-reported sleep disturbance, use of pharmaceuticals, self-reported health 
problems and insomnia-like symptoms. These effects can lead to a considerable bur
den of disease in the population. For other effects (hypertension, myocardial infarc
tions, depression and others), limited evidence was found: although the studies were 
few or not conclusive, a biologically plausible pathway could be constructed from 
the evidence. 
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11111 EXECUTIVE SUMMARY 

An example of a health effect with limited evidence is myocardial infarction. 
Although evidence for increased risk of myocardial infarction related to Lday is suf
ficient according to an updated meta-analysis, the evidence in relation to Lnight,omside 

was considered limited. This is because Lnight,outside is a relatively new exposure indi
cator, and few field studies have focused on night noise when considering cardiovas
cular outcomes. Nevertheless, there is evidence from animal and human studies sup
porting a hypothesis that night noise exposure might be more strongly associated 
with cardiovascular effects than daytime exposure, highlighting the need for future 
epidemiological studies on this topic. 

The review of available evidence leads to the following conclusions. 

• Sleep is a biological necessity and disturbed sleep is associated with a number of 
adverse impacts on health. 

• There is sufficient evidence for biological effects of noise during sleep: increase in 
heart rate, arousals, sleep stage changes and awakening. 

• There is sufficient evidence that night noise exposure causes self-reported sleep dis
turbance, increase in medicine use, increase in body movements and (environmen
tal) insomnia. 

• While noise-induced sleep disturbance is viewed as a health problem in itself (envi
ronmental insomnia), it also leads to further consequences for health and well
being. 

• There is limited evidence that disturbed sleep causes fatigue, accidents and reduced 
performance. 

• There is limited evidence that noise at night causes hormone level changes and clin
ical conditions such as cardiovascular illness, depression and other mental illness. 
It should be stressed that a plausible biological model is available with sufficient 
evidence for the elements of the causal chain. 

VULNERABLE GROUPS 
Children have a higher awakening threshold than adults and therefore are often seen 
to be less sensitive to night noise. For other effects, however, children seem to be 
equally or more reactive than adults. As children also spend more time in bed they 
are exposed more to night noise levels. For these reasons children are considered a 
risk group. 

Since with age the sleep structure becomes more fragmented, elderly people are more 
vulnerable to disturbance. This also happens in pregnant women and people with ill 
health, so they too are a group at risk. 

Finally, shift workers are at risk because their sleep structure is under stress due to 
the adaptations of their circadian rhythm. 
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THRESHOLDS FOR OBSERVED EFFECTS 

The no observed adverse effect level (NOAEL) is a concept from toxicology, and is 
defined as the greatest concentration which causes no detectable adverse alteration 
of morphology, functional capacity, growth, development or lifespan of the target 
organism. For the topic of night noise (where the adversity of effects is not always 
dear) this concept is less useful. Instead, the observed effect thresholds are provid
ed: the level above which an effect starts to occur or shows itself to be dependent on 
the exposure level. It can also be a serious pathological effect, such as myocardial 
infarctions, or a changed physiological effect, such as increased body movement. 

Threshold levels of noise exposure are important milestones in the process of evalu
ating the health consequences of environmental exposure. The threshold levels also 
delimit the study area, which may lead to a better insight into overall consequences. 
In Tables 1 and 2, all effects are summarized for which sufficient and limited evi
dence exists. For these effects, the threshold levels are usually well known, and for 
some the dose-effect relations over a range of exposures could also be established. 

Effect Indicator Threshold, dB 

Change in cardiovascular activity 

EEG awakening L~-..,,,J, 35 
Biological Motility, onset of motility LArn=ru,.i. 32 

effects Changes in duration of various 

stages of sleep, in sleep structure 

and fragmentation of sleep LAm,un,"I• 35 

Waking up in the night and/or too Table 1 

early in the morning LAaux.,iu,,I, 42 Summary of 
effects and thresh-

Prolongation of the sleep inception old levels for 
Sleep period, difficulty getting to sleep effects where 

quality Sleep fragmentation, reduced 
sufficient evidence 
is available 

sleeping time 

Increased average motility 

when sleeping Ln,i,h!,""'"J' 42 

Self-reported sleep disturbance Lrugl,Co"'"'"' 42 
Well-being Use of somnifacient drugs 

and sedatives ki,t,o"~'"' 40 

Medical Environmental insomnia"" Lmzhcou~«I, 42 
conditions 

Although the effect has been shown to occur or a plausible biological pathway could be constructed, 
indicators or threshold levels could not be determined. 

nNote that "environmental i11somnia" is the result of diagnosis by a medical professional whilst 
"self-reported sleep disturbance" is essentially the same, but reported in the context of a social survey. 
Number of questions and exact wording may differ. 

I 

~ 
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Table 2 
Summary of effects 
and threshold levels 

for effects where 
limited evidence is 

available** 

Effect 

Biological effects 

Well-being 

Medical conditions 

Changes in (stress) hormone levels 

Drowsiness/tiredness during lhe 

day and evening 

Increased daytime irritability 

Impaired social contacts 

Complaints 

Impaired cognitive performance 

Insomnia 

Hypertension 

Obesity 

Depression {in women) 

Myocardial infarction 

Reduction in life expectancy 

{premature mortality) 

Psychic disorders 

{Occupational) accidents 

Indicator Estimated 

threshold, dB 

35 

50 

50 

60 

• 

,. Although the effect has been shown to occur or a plausible biological pathway could be constructed, indica
tors or threshold levels could not be determined. 

*,. Note that as the evidence for the effects in this table is limited, the thre~hold levels also have a limited 
weight. In general they are based on expert judgement of the evidence. 

RELATIONS WITH LNIGHT, OUTSIDE 

Over the next few years, the END will require that night 'noise' exposures are 
reported in Lnight, outside· It is, therefore, interesting to look into the relation 
between Lnight,outside and adverse health effects. The relation between the effects 
and Lnight,outside is, however, not straightforward. Short-term effects are mainly 
related to maximum levels per event inside the bedroom: LAmax inside· In order to 
express the (expected) effects in relation to the single European' Union indicator, 
some calculation needs to be done. The calculation for the total number of effects 
from reaction data on events (arousals, body movements and awakenings) needs 
a number of assumptions. The first that needs to be made is independence: 
although there is evidence that the order of events of different loudness strongly 
influences the reactions, the calculation is nearly impossible to carry out if this is 
taken into consideration. Secondly, the reactions per event are known in relation 
to levels at the ear of the sleeper, so an assumption for an average insulation value 
must be made. In the report a value of 21 dB has been selected. This value is, 
however, subject to national and cultural differences. One thing that stands out is 
the desire of a large part of the population to sleep with windows (slightly) open. 
The relatively low value of 21 dB takes this into account already. If noise levels 
increase, people do indeed close their windows, but obviously reluctantly, as com
plaints about bad air then increase and sleep disturbance remains high. This was 
already pointed out in the WHO Guidelines for community noise (1999). 

' 

' 

I 

' 
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EXECUTIVE SUMMARY 

From source to source the number of separate events varies considerably. Road 
traffic noise is characterized by relatively low levels per event and high numbers, 
while air and rail traffic are characterized by high levels per event and low num
bers. For two typical situations estimates have been made and presented in 
graphical form. The first is an average urban road (600 motor vehicles per night, 
which corresponds roughly to a 24-hour use of 8000 motor vehicles, or 3 mil
lion per year, the lower boundary the END sets) and the second case is for an 
average situation of air traffic exposure (8 flights per night, nearly 3000 per 
year). 

Fig. 3 shows how effects increase with an increase of Lnight,outside values for the 
typical road traffic situation (urban road). A large number of events lead to high 
levels of awakening once the threshold of L Amax, inside is exceeded. To illustrate 
this in practical terms: values over 60 dB Lnight,outside occur at less then 5 metres 
from the centre of the road. 

In Fig. 4 the same graph is presented for the typical airport situation. Due to a lower 
number of events there are fewer awakenings than in the road traffic case (Fig. 3), 
but the same or more health effects. In these examples the worst case figures can be 
factors higher: the maximum number of awakenings for an Lnight,outside of 60-65 dB 
is around 300 per year. 
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20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 

' Average motility and infarcts are expressed in percent increase (compared to baseli11e number); the mm,ber of 
higl,/y sleep disturbed people is expressed as a perceut of the population; awakenings are expressed in 11umber of 
additional awakenings per year. 

A recent study suggests that high background levels of noise (from motorways) with 
a low number of separate events can cause high levels of average motility. 

Therefore, by using the Lnighr,outside as a single indicator, a relation between effects 
and indicator can be established. For some effects, however, the relation can be 
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Fig. 4 
Effects of 
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'Average motility and infarcts are expressed in percent increase (compared to /,aseline number); the number of 
highly sleep disturbed people is expressed as a percent of the population; complainers are expressed as a % of 
the neighbourhood population; awakenings are expressed in number of additional awakenings per year. 

source dependent. Although Lnighr gives a good relation for most effects, there is a 
difference between sources for som e. Train noise gives fewer awakenings, for 
instance. Once source is accounted for, the relations are reasonably accurate. 

RECOMMENDATIONS FOR HEALTH PROTECTION 
Based on the systematic review of evidence produced by epidemiological and 
experimental studies, the relationship between night noise exposure and health 
effects can be summarized as below. (Table 3) 

Below the level of 30 dB Lnighr,omside, no effects on sleep are observed except for 
a slight increase in the frequency of body movements during sleep due to night 
noise. There is no sufficient evidence that the biological effects observed at the 
level below 40 dB Lnighr,ourside are harmful to health. However, adverse health 
effects are observed at the level above 40 dB Lnighr,outside, such as self-reported 
sleep disturbance, environmental insomnia, and increased use of somnifacient 
drugs and sedatives. 

Therefore, 40 dB Lnighr,ourside is equivalent to the lowest observed adverse effect 
level (LOAEL) for night noise. Above 55 dB the cardiovascular effects become the 
major public health concern, which are likely to be less dependent on the nature 
of the noise. Closer examination of the precise impact will be necessary in the 
range between 30 dB and 55 dB as much will depend on the detailed circumstances 
of each case. 
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Average night noise 
level over a year 

Lrught, outside 

Up to 30 dB 

30 to 40 dB 

40 to 55 dB 

Above 55 dB 

Health effects observed in the population 

Although individual sensitivities and circum
stances may differ, it appears that up to this level 
no substantial biological effects are observed. 
Lnight,ourside of 30 dB is equivalent to the no 
observed effect level (NOEL) for night noise. 

A number of effects on sleep are observed from chis 
range: body movements, awakening, self-reported 
sleep disturbance, arousals. The intensity of the 
effect depends on the nature of the source and the 
number of events. Vulnerable groups (for example 
children, the chronically ill and the elderly) are 
more susceptible. However, even in the worst cases 
the effects seem modest. Lnight,outside of 40 dB is 
equivalent to the lowest observed adverse effect 
level (LOAEL) for night noise. 

Adverse health effects are observed among the 
exposed population. Many people have to adapt 
their lives to cope with the noise at night. Vulnerable 
groups are more severely affected. 

The situation is considered increasingly danger
ous for public health. Adverse health effects 
occur frequently, a sizeable proportion of the 
population is highly annoyed and sleep-dis
turbed. There is evidence that the risk of cardio
vascular disease increases. 

Table 3 
Effects of different 
levels of night noise 
on the population's 
health 

A number of instantaneous effects are connected to threshold levels expressed in 
LAmax· The health relevance of these effects cannot be easily established. It can be 
safely assumed, however, that an increase in the number of such events over the base
line may constitute a subclinical adverse health effect by itself leading to significant 
clinical health outcomes. 

Based on the exposure-effects relationship summarized in Table 3, the night noise 
guideline values are recommended for the protection of public health from night 
noise as below. 

Night noise guideline (NNG) 
Interim target (IT) 

Lnight,om,:idt = 40 dB 
Lnight,uut~ide = 55 dB 

Table 4 
Recommended night 
noise guidelines 
for Europe 

1 Lnight,uutside is the night-time noise indicator (Lmghr) of Directive 2002/49/EC of 25 June 2002: the A-weighted 
long-term average sound level as defined in ISO 1996-2: 1987, determined over all the night periods of a year; 
in which: the night is eight hours (usually 23.00 - 07.00 local time), a year is a relevant year as regards the emis
sion of sound and an average year as regards the meteorological circumstances, the incident sound is consid
ered, the assessment point is the same as for Lden· See Official Journal of the European Communities, 18.7.2002, 
for more derails. 

I 

~ 
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For the primary prevention of subclinical adverse health effects related to night 
noise in the population, it is recommended that the population should not be 
exposed to night noise levels greater than 40 dB of Ln,1thr,uutside during the part of 
the night when most people are in bed. The LOAEL of night noise, 40 dB 
Lnigh,,oms,dc, can be considered a health-based limit value of the night noise guide
lines (NNG) necessary to protect the public, including most of the vulnerable 
groups such as children, the chronically ill and the elderly, from the adverse 
health effects of night noise. 

An interim target (IT) of 55 dB Lnif!hr,ouuide is recommended in the situations where 
the achievement of NNG is not feasible in the short run for various reasons. It • should be emphasized that IT is not a health-based limit value by itself. 
Vulnerable groups cannot be protected at this level. Therefore, IT should be con
sidered only as a feasibility-based intermediate target which can be temporarily 
considered by policy-makers for exceptional local situations. 

RELATION WITH THE GUIDELINES FOR 
COMMUNITY NOISE (1999) 

Impact of night-time exposure to noise and sleep disturbance is indeed covered in 
the 1999 guidelines, as below (WHO, 1999): 

"If negative effects on sleep are to be avoided the equivalent sound pressure 
level should not exceed 30 dBA indoors for continuous noise. If the noise is 
not continuous, sleep disturbance correlates best with LAmax and effects have 
been observed at 45 dB or less. This is particularly true if the background level 
is low. Noise events exceeding 45 dBA should therefore be limited if possible. 
For sensitive people an even lower limit would be preferred. It should be 
noted that it should be possible to sleep with a bedroom window slightly open 
(a reduction from outside to inside of 15 dB). To prevent sleep disturbances, 
one should thus consider the equivalent sound pressure level and the number 
and level of sound events. Mitigation targeted to the first part of the night is 
believed to be effective for the ability to fall asleep." 

The 1999 guidelines are based on studies carried out up to 1995 (and a few meta-analy
ses some years later). Important new studies (Passchier-Vermeer et al., 2002; Basner et 
al., 2004) have become available since then, together with new insights into normal and 
disturbed sleep. New information has made more precise assessment of exposure-effect 
relationship. The thresholds are now known to be lower than LAmax of 45 dB for a num
ber of effects. The last three sentences still stand: there are good reasons for people to 
sleep with their windows open, and to prevent sleep disturbances one should consider 
the equivalent sound pressure level and the number of sound events. The present guide
lines allow responsible authorities and stakeholders to do this. Viewed in this way, the 
night noise guidelines for Europe are complementary to the 1999 guidelines. This 
means that the recommendations on government policy framework on noise manage
ment elaborated in the 1999 guidelines should be considered valid and relevant for the 
Member States to achieve the guideline values of this document. 
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CHAPTER 1 

INTRODUCTION: METHODS AND CRITERIA 
With regard to sleep and waking, we must consider what they are: whether they are 
peculiar to soul or to body, or common to both; and if common, to what part of soul or 
body they appertain: further, from what cause it arises that they are attributes of ani
mals, and whether all animals share in them both, or some partake of the one only, oth
ers of the other only, or some partake of neither and some of both. 

(Aristotle, On sleep and sleeplessness, 350 BC) 

1.1 INTRODUCTION 

1.1.1 EXISTING POLICY DOCUMENTS FOR NIGHT-TIME NOISE 

The aim of this Jocument is to present guidance for exposure to noise during sleep. 
What is already available? 

There are three related documents at the international level: 

• Guidelines for community noise (WHO, 1999) 
• Directive 2002/49/EC relating to the assessment and management of environ

mental noise (European Commission, 20026) 
• Position Paper on dose-effect relationships for night-time noise (European 

Commission, 2004). 

In Chapter 5 the relation with the Guidelines for community noise (1999) will be 
explained. 

The European Union (EU) Directive relating to the assessment and management of 
environmental noise (or, as it is commonly known, the Environmental Noise 
Directive - END), establishes that Member States should create noise maps (2007) 
and action plans (2008) for parts of their territory. The noise maps should present 
noise levels expressed in the harmonizeJ indicators Lden anJ Lnight· Although in the 
first round only between 20% and 30% of the population will be covered, it is 
expected that through the use of harmonized methods and indicators a deeper 
insight will be gained into the exposure of the population to noise. The END does 
not, however, set any limit values: on the basis of the subsidiarity principle this is left 
to the M ember States. The Directive does, however, require Member States to report 
on their limit values and express them in the standarJ inJicators. On the CIRCA 
web site (Communication and Information Resource Centre Administrator, 
European Commission, 2006) an overview of the data reported to the Commission 
can be found. Out of the 25 Member States, 10 reported on the Lnight limits. In Table 
1.1 some of these data are summarized. 

Due to differences in legal systems it is hard to predict what the actual effect of a cer
tain limit value will be. It could be a relatively high value but rigidly enforced, or a 
very low value with no legal binding whatsoever. 

The Position Paper on dose-effect relationships for night-time noise is foreseen in the 
END (Annex III) and aims to give the competent authorities a tool to evaluate the 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006584

ADMINISTRATIVE RECORD Page 30 of 73

- Page 1758 -



-.J METHODS AND CRITERIA 

impact on the population. However, it neither provides limit values nor guidelines. The 
same information that was used in the Position Paper also plays a role in these guide
lines. 

Table 1.1 
Reported Lnlght llmlt values 
for road traffic noise In new 

residential areas 

EU Member State 

France 
Germany 
Spain 
Netherlands 
Austria 
Sweden 

Finland 
Hungary 
Latvia 
Estonia 
Switzerland 

Lnight,outside 

62 
49 
45 
40 
50 
51 

(converted from LA,q limit 30 dB(A) 
inside bedroom) 

46 
55 
40 
45 
so 

Source: European Commission, 2006. 

1.1.2 GENERAL MODEL 
There is no doubt that a relation exists between sleep and health and well-being, as 
most of us know from personal experience. That does not mean,. however, that this 
relation is simple. People who do not sleep well may not feel well the day after, but 
the reverse is also true: unfit people may have a disturbed sleep. Untangling the rela
tions between health and disturbed sleep (night-time noise is only one of many caus
es) proved difficult, and Fig. 2.1 at the end of Chapter 2 shows why. 

F'lg. 1.1. 
General structure of the 
report on the effects of 

night noise 

The general structure of the report is given in Fig. 1.1: evidence for the effects of 
night-time noise on health (c) is supported by evidence on the indirect route via (a) 
and (6). In Chapter 2 the relations between sleep and health are examined (relation 
(6) in Fig. 1.1), and this involves clinical evidence from sleep laboratories, but also 
evidence from animal experiments. In Chapter 3 it is shown how noise disturbs sleep 
from the basic, autonomous level up to conscious awakenings: relation (a). Chapter 
4 presents the evidence between night-time noise and health and well-being: relation 
(c) in Fig. 1.1. The last chapter, Chapter 5, then provides guidance on reducing 
health impacts caused by night-time noise exposure. 

NIGHT NOISE GUIDELINES FOR EUROPE 
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1.1.3 PROCESS OF DEVELOPING GUIDELINES 

The WHO Regional Office for Europe started the night noise guidelines (NNGL) 
project with a grant from the European Commission's Directorate-General for 
Health and Consumer Affairs. In 2003, the WHO Regional Office for Europe set up 
a working group of experts to provide scientific advice for the development of guide
lines for future legislation and policy action in the area of control and surveillance 
of night noise exposure. The review of available scientific evidence on the health 
effects of night noise was carried out by the working group to derive health-based 
guideline values. The contributions from the experts were reviewed by the team and 
integrated into draft reports following discussion at four technical meetings of the 
working group. 

The first meeting of the working group was held in Bonn, June 2004. It was agreed 
that the experts would produce background papers on a number of topics identified 
and assigned at the meeting. 

The second meeting in Geneva, December 2004, concentrated on such technical 
issues as exposure assessment, metrics, health effects and guideline set-up. The topic
specific experts presented the first drafts for the identified topics for detailed discus
sions at the meeting. The discussions concentrated on central issues such as exposure 
assessment and guideline derivation. 

The third meeting in Lisbon, April 2005, reviewed the revised background papers, 
and discussed in detail the overall srruaure of the guidelines document, and the 
process of consensus building among the working group and stakeholders. 

Ar the workshop of acoustics experts in The Hague, September 2005, a consensus 
was made on the use of Lnighr as the single indicator for guideline values as it effec
tively combines the information on the number of events and the maximum sound 
levels per event over a year. 

In 2006, all the draft reports collected at previous meetings were compiled by Mr. 
Marrin van den Berg into a coherent document on guidelines for exposure to noise 
at night. The latter was revised according to the comments collected though a peer
review by the working group experts. 

At the concluding meeting in Bonn, December 2006, the working group and stake
holders from industry, government and nongovernmental organizations reviewed the 
contents of the draft document chapter by chapter, discussed several fundamental 
issues and reached general consensus on the guideline va lues. The final implementa
tion report of NNGL project was submitted to the EU in early 2007. 

The following countries and institutes contributed to the development of Night noise 
guidelines for Europe as project partners. 

AUSTRIA: 

CZECH REPUBLIC: 
DENMARK: 
FRANCE: 

GERMANY: 

Institute of Hygiene and Social Medicine, University of 
Innsbruck 
Charles University in Prague 
National Institute of Public Health 
INRETS/LTE- Laboratoire Transports et Environnement 
CNRS-Centre National de Recherche Scientifique 
Umweltbundesamt - Federal Environmental Agency 
Landesgesundheitsamt Baden-Wiirttemberg 

NIGHT NOISE GUIDELINES FOR EUROPE 
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ITALY: 

NETHERLANDS: 

POLAND: 

PORTUGAL: 
SLOVENIA: 
SWEDEN: 
UNITED KINGDOM: 

ARP AT - Environmental Protection Agency, Tuscany 
Region 
University of Rome "La Sapienza"- Center for Pediatric 
Sleep Disorders 
TNO-Netherlands Organisation for Applied Scientific 
Research 
RIVM-National Institute of Public Health and the 
Environment 
University of Warsaw, Clinic of Psychiatry of the Medical 
Academy 
IST-Instituto Superior Tecnico 
Institute of Public Health of the Republic of Slovenia 
University of Gavle, Centre for Built Environment 
Queen Mary and Westfield College, University of London 

In addition, WHO received advice and support from a number of national experts 
who participated in the working group. The affiliations of these additional expert 
advisers include: 

CANADA: 
GERMANY: 
SWITZERLAND: 

NETHERLANDS: 
UNITED KINGDOM: 

Health Canada 
Forschungs- und Beratungsbiiro Maschke 
Bundesamt fiir Umwelt, Wald und Landschaft 
Universitat St. Gallen, Institut fiir Wirtschaft und 
Okologie 
Ministry of Housing, Spatial Planning and Environment 
Casella Stanger Environmental Consultants 

Since the project report was published on the EU web site, various comments were 
received from experts who have not participated in the working group. The most 
critical points were regarding the achievabilir_y of guideline values in practice. 
Responding to these feedbacks, the WHO Regional Office for Europe, prepared a 
revision of guidelines and recommendations, and consulted with international 
experts and stakeholders including the EU. As of late 2008, it was agreed that the 
guideline should be based on the lowest observed adverse effects level (LOAEL) 
rather than the no observed effects level (NOEL). Interim target was also introduced 
as a feasibility-based level. 

1.2 STRENGTH OF EVIDENCE 

1.2.1 BASIC CONCEPTS 
This document uses well-established practices from other disciplines and policy 
fields. Of main interest here are evidence-based medicine, the use of epidemiological 
evidence for environmental risk assessment and experiences with - principally- air 
quality guidelines. 

The concept of "evidence" is further formalized, as variations in wording and scope 
are currently in use. 

NIGHT NOISE GUIDELINES FOR EUROPE 
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METHODS AND CRITERIA a.I 

1.2.2 RISK ASSESSMENT AND RISK CONTROL 

Interaction with stakeholders 

Flg. 1.2 
Elements of risk control 

Source: 
Health Council of the 
Netherlands, 2004. 

Fig. 1.2 outlines a general approach for risk assessment and control. This approach 
<.:onsists of the following steps: 

1. problem description: assessing the impact on the population 
2. risk analysis: evaluation of impact 
3. risk evaluation: assessing impact considered undesirable 
4. assessment of options to avoid or reduce impact 
5. cost-benefit analysis of the options or of the mix of options 
6. assessment of the preferred option 
7. implementation and control. 

It is important to observe that guideline values can be an input to, as well as an output 
of this process. At lower levels of decision (a particular infrastructure project, for 
instance) a preset guideline value reduces - intentionally - the degrees of freedom in the 
process. At the highest national or international level a guideline value is the outcome. 
As the scope of this document is to present the health consequences of night-time 
noise exposure (and not so much the economic outcomes of the choice of a certain 
value) it concentrates on the first three elements in the risk assessment block. 

The following questions need to be addressed. 

• What is the strength of the available eviden<.:e - what are the uncertainties? 
• What is the health significance for the effects found? 
• H ow serious is the impact on health? 
• Does every instance of exposure lead to an effect and how are they related? 
• How can the number of affected people be established? 

1.2.3 CAUSE-EFFECT CHAIN 

Underlying this approach is the notion of a cause- effect chain between environmen
tal fa<.:tors and health, symboli<.:ally simplified in Fig. 1.3. 

Exposure 

factors 

Source: 1-Iealth Council of the Netherlands, 2004. 

Fig. 1.3 
Cause- effect chain 
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There are important questions that need to be asked. 

• Is there a causal relation between one link in the chain and the next? 
• What are the intervening factors in that relation? 
• How strong is the evidence for the relations? 

The last question is the hardest to answer, as "strength of evidence" is not easy to express 
in simple numbers or labels. There are two forms of uncertainty: uncertainty because of 
variability of outcomes and uncertainty due to a lack of knowledge. 

For the purpose of this document the following classification will be used, largely based on 
the IARC {International Agency for Research on Cancer) criteria accessible at 
http://monographs.iarc.fr/ENG/Preamble/currentb6evalrationale0706. php {see Table 1.2). 

Table 1.2 
Classification of 

evidence 

Grade of evidence 

Sufficient evidence 

Limited evidence 

Insufficient evidence 

Criteria 

A causal relation has been established between expo
sure to night-time noise and an effect. In studies 
where coincidence, bias and distortion could reason
ably be excluded, the relation could be observed and 
it is plausible that the effect is {also) caused by the 
exposure. 

A relation was observed between exposure to night
time noise and an effect in studies where coincidence, 
bias and distortion could not reasonably be excluded. 
The relation is, however, plausible. 
A direct relation between cause and effect has not 
been observed, but there is indirect evidence of good 
quality and the relation is plausible. Indirect evidence 
is assumed if exposure leads to an intermediate effect 
and other studies prove that the intermediate effect 
leads to the effect. 

Available studies are of low quality and lack signifi
cance to allow conclusions about causality of the rela
tion between exposure and effect. Plausibility of the 
relation is limited or absent. 

1.2.4 PROCEDURE FOR DERIVING GUIDELINES 

The following procedure was followed in order to derive an ordering of guideline values: 

1. collection of relevant data 
2. evaluation of data in terms of strength of evidence 
3. evaluation of data in terms of biological effects, health and well-being 
4. ranking of guideline values. 

This procedure is essentially the same as in other guideline documents, although steps 
are more explicitly formalized. A major difference is that sound is a natural environmen
tal quality, which makes defining a no-effect level a futile exercise. Therefore the choice 
was made for a series of levels with increasing severity of effects. 
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1.3 CONSIDERATIONS WITH REGARD 
TO NIGHT-TIME NOISE INDICATORS 

Briefly, the fundamental choices of night-time noise indicators with respect to length 
of night, use of single event descriptors and long-term average are commented on to 
assist the reader in understanding the relations presented in later chapters. 

1.3.1 LENGTH OF NIGHT 

Time use studies (Centre for Time Use Research, 2006) show that the average time 
adult people are in bed is around 7.5 hours, so the real average sleeping time is some
what shorter. Due to personal factors such as age and genetic factors there is consid
erable variation in sleeping time and in beginning and end times. For these reasons, 
a fixed interval of 8 hours is a minimal choice for night-time protection. From Fig. 
1.4 it can be noted that around 50% of the population is protected with an interval 
of 8 hours and it would take a period of 10 hours to protect 80%. On Sundays, 
sleeping time is consistently one hour longer, probably due to people recovering from 
sleep debt incurred during the week. Data for other countries are readily available 
bur this is the only study covering a long period in a consistent way. Fig. 1.5 (from 
a time use study in Portugal) shows that the stable pattern found in the Netherlands 
(Fig. 1 .4) is not only typical for northern Europe, but also for the southern part. The 
pattern, however, seems to have shifted slightly. These figures stress that sleep times 
might be biologically fixed in humans, and culture has almost no influence. 
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Fig. 1.4 

■ Watch television 

□ Personal care 

Fig. 1.5 

■ Read ■ Household occupation 0 Won< and study 

■ Eating D Sleep 

Sleep pattern of Dutch population on weekdays 
and Sundays, 1980-2005 

Percentage of time that the Portuguese population 
spend asleep or In different activities 

S011rce: http:llwwiv.ine.ptlprodservldestaqtrelarq11ivo.asp, hased on 
a st11dy /,y the lnsli/1110 Nacional de Estatistica Porltrgal, 1999 

1.3.2 EVENT OR LONG-TERM DESCRIPTOR 

Much attention has been paid to the use of single event descriptors such as LAmax 
(maximum outdoor sound pressure level) and SEL (sound exposure level). As the 
Position Paper on EU noise indicators (European Commission, 2000) points out, 
this is an important la boratory tool to describe instantaneous reactions to noise. But 
when it comes to long-term protection, the number of events is equally important. 
The possibility of predicting after-effects like sleepiness, reaction time, sleeping pill 
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use and health complaints, in particular, requires a combination o f a number of 
events and their level instead of just the average LAmax or average SEL. For events 
with a similar time pattern there is a rela tively simple relation between LAmax and 
SEL, and therefore between LAmax and Lnight (night-time noise indicator as defined 

80.0 ,----------- ---- - - ----, 

W1ighl 

7o.o .....,.__~~---------+-----n-0-1s_e_e_v-e'"'t 

I 60.0 
Fig. 1.6 

Relation between Lnlqht• 
LAmax and SEL 

~ 50,0 ~"'l'!t.\l';f!#.:!lr;61't#;;lil~~*~,j::lii~=;l!ll==t=1F~~l!!:l 
-~ 
..J 

~ 40.0 1------- ---- ---- - --- --, 

30.0 --------------------< 

20.0 '----~---~---~---~-----' 
00:00:00 01 :00:00 02:00:00 03:00:00 04:00:00 05:00:00 

Source: European Commission, 2000 Time (hrs) 

by the END - sec paragraph 1.3 .4 below). Appendix 2 describes this in detail. For 
now let it suffii.:e to say that a i.:hoii.:e fo r an Lnighr level ties the LAmax related effei.:ts 
to a maximum and therefore allows for a protective/conservative approach. 

Fig. 1.6 is based on a sound recording in a bedroom for one night. The top of the 
peaks are the LAmax levels, the total energy is the Lnight (thick horizontal line). The 
sound energy in one event is the SEL (not represented) . In reality the Lnight is the 
average over all nights in one year. This reasoning applies also to the issue of long
term average. A value for an arbitrary single night will, except in extreme cases, bear 
no relationship to an individua l's long-term health status, whereas a sustained suffi
i.:iently high level over a long period may. 

1.3.3 NUMBER OF EVENTS 
T here is no generally accepted way to count the number of (relevant) noise events. 
Proposals range from the number of measured LAmax, the number of units (vehicles, 
aeroplanes, trains) passing by, to the number exi.:eeding a i.:ertain LAmax level (i.:om
monly indicated by NAxx; NA70 is the number of events higher than 70 dB). 

1.3.4 CONVERSION BETWEEN INDICATORS 
1.3.4. 1 Introduction 
Lnight is defined as the 1 year LAeq (exposure to noise) over 8 hours outside at the 
most exposed facade. For the purpose of strategic noise mapping and reporting the 
height is fixed at 4 metres. As Lnight is a relatively new defi nition and because the 
studies rarely ..:over sui.:h a long period, the researi.:h data are rarely expressed in 
Lnight· The most frequently used noise descriptor in sleep research is the LAmax or 
SEL near the sleeper. T his means that a considerable amount of conversion work 
needs to be done if relations are to be expressed in Lnight· There are four issues: 

• conversion between SEL and LAmax 
• i.:onversion from instantaneous to long-term 
• conversion from inside to outside 
• conversion from (outside) bedroom level to most exposed fac;ade. 
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Further background information on these issues is provided in section 1.3.5. T his 
section details the conversions that are actually carried out. 

1.3.4.2 SEL to LAmax 
SEL is only used for aircraft noise in this report and, according to Ollerhead et al. 
(1992) from ground-based measurements, the following relation was found: 

SEL = 23.9+0.81 *LAmax [1]. 

A more general approach can be used to estimate SEL for transportation noise. 

If the shape of the time pattern of the sound level can be approximated by a block 
form, then SEL::::LAmax + 101g t, where t (in seconds) is the duration of the noise 
event. This rule can be used, inter alia, for a long freight train that passes at a short 
distam:e. When tis in the range from 3 to 30 seconds, then SEL is 5-15 dB higher 
than LAmax· For most passages of aircraft, road vehicles or trains, the shape of the 
time pattern of the sound level can be better approximated with a triangle. If the 
sound level increases with rate a (in dB per second), and thereafter is at its maximum 
for a short duration before it decreases with rate -a, then SEL=::LAmax - l0lg(a) + 9.4. 
Depending on the distance to the source, for most dwellings near transportation 
sources the rate of increase is in the order of a few dB per second up to 5 dB per sec
ond. When {a) is in the range from 9 dB to 1 dB per second, then SEL is 0-9 dB high
er than LAmax· 

1.3.4.3 Events to long-term 
When the SEL values are known (if necessary after converting from LAmax) they can 
be converted to Lnighr- In general terms, the relation between Lnight and SEL is: 
Lnight = lO*lg L; l0SEL;/10 - lO*lg (T). 

If a ll (N) events have approximately the same SEL level, this may be reduced to: 

Lnight = SEL + l0*lg(N) - 70.2 [2], 

in which: 
N = the number of events occurring in period T; 
T = time during which the events occur in seconds. For a (night) year l0lg(T) is 70.2. 

The notation adheres to the END where the Lnight is defined as a year average at the 
most exposed facade. Any reference to an inside level is noted as such, that is, as 
Lnight,inside· In order to avoid any doubt the notation Lnight,outside may be used, for 
instance in tables where both occur. 

1.3.4.4 Inside to outside 
As the Lnight is a year value, the insulation value is also to be expressed as such. This 
means that if the insulation value is 30 dB with windows dosed and 15 dB with windows 
open, the resulting value is 18 dB if the window is open 50% of the time. If these win
dows are closed only 10% of the time, the result is little more than 15 dB. The issue is 
complicated by the fact that closing behaviour is, to a certain extent, dependent on noise 
level. When results about effects are expressed with indoor (that is, inside bedrooms) 
exposure levels, they need to be converted to Lnighr, in accordance with the END defini
tion. The most important assumption is the correction for inside levels to outside levels. 
An average level difference of 21 dB has been chosen, as this takes into account that even 
in well-insulated houses windows may be open a large part of the year. In general: 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006592

ADMINISTRATIVE RECORD Page 38 of 73

- Page 1766 -



111:J METHODS AND CRITERIA 

Lnight = Lnight,inside + Y dB (3). 

Y is the year average insulation value of the (bedroom) facade. In this report a 
default value of 21 dB is used (see also section 1.3.5). It should be stressed that this 
conversion is thought to be highly dependent on local building habits, climate and 
window opening behaviour. 

1.3.4.5 Most exposed facade 
If an inside level is converted to an outside level with (3), it is assumed that this is 
equivalent to an Lnighc value on the most exposed facade. No information is avail
able on bedroom position and use, so no explicit conversion factor can be given in 
this report. 

This means that the effect estimated on the basis of Lnighc corresponds to an upper 
limit, because part of the bedrooms will be on a less exposed facade. If an estimate 
of the exposed population is based on a relation derived with [3], the actual preva
lence will be less. From a practical point of view the most exposed facade safeguards 
protection in cases where there is a possibility that rooms can be swapped. 

It should be pointed out that the above does not apply if a relation is based on Lnight 
values which are directly measured or computed. These relations will show a large 
variation because of a misclassification effect, but they give a "correct" estimate of 
the prevalence of effects in the population. In other words, in some cases a low effect 
may be attributed to a high Lnighc because the bedroom is on the quiet side. 

1.3.5 INSIDE/OUTSIDE DIFFERENCES 
Night-time environmental noise affects residents mainly inside their homes. In order to 
protect residents inside their homes from noise from outside sources, attention should 
be focused on windows since they are generally the weakest points in the sound prop
agation path. Roofs must also be considered with regard to aircraft noise. 

There are many types of window in the EU, varying from single thin panes within 
frames without additional insulation, to four-pane windows within insulated frames. 
The simplest types of facade have a sound reduction (from outside to inside) of usu
ally less than 24 dB, and the most elaborate facades (built to cope with cold climates, 
for example), have sound reductions of more than 45 dB. In central Europe, most 
windows are double-glazed, mounted in a rigid and well-insulated frame. Their 
range of sound reduction is between 30 dB and 35 dB when closed. 

When night-time environmental noise reaches high levels, residents tend to close their 
bedroom windows (cf. Langdon and Buller, 1977; Scharnberg et al., 1982; 
Schreckenberg et al., 1999; Diaz et al. , 2001 ). The studies by Scharnberg et al. and 
Schreckenberg et al. found that more than 50% of bedroom windows are closed when 
outside road traffic noise levels exceed 55 dB (LA«/ These findings have been replicat
ed in Sweden, according to recent results from the Swedish soundscape research pro
gramme on road traffic noise (Fig. 1. 7). Nevertheless, while residents with closed win
dows reported a reduction of sleep disturbances due to noise, they also reported an 
increase in sleep disturbances due to poor ventilation. Schreckenberg et al. (1999) 
report a much steeper increase in the incidence of closed windows when road traffic 
noise reaches high levels than is the case with increased levels of railway noise. Even 
when night-time noise levels reach 55 B, only 35% of the residents exposed to railway 
noise reported that they closed their windows at night. 
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When windows are slightly open, outside sound levels are usually reduced by 10-15 dB. 
It should be kept in mind that most European residents want to keep their bedroom 
windows slightly open at night in order to provide proper ventilation {Scharnberg et al., 
1982; Lambert and Plouhinec, 1985; Lambert and Valier, 1994), and the WHO paper 
on community noise {WHO, 1999) also recommends that people should be able to sleep 
with their bedroom windows open. 

Passchier-Vermeer et al. (2002) carried out detailed noise measurements inside and out
side the bedroom and at the same time measured window position with sensors. The 
results {Table 1.3) showed that windows are fully closed only in 25% of the nights. 

Window position 

Closed 
Slightly open 
Hand width 
Half open 
Fully open 

% nights 

25 
43 
23 
5 
4 

Table 1.3 
Window positions during 
research period 
(April- November) 

This results in average inside/outside differences of around 21 dB, with there being 
only a slight difference between single- and double-glazed windows {Table 1.4). The 
survey did not include dwellings which had been specifically insulated against noise. 
Nevertheless, there was a large variation in insulation values. 

Average 
difference 
at night 

Single-glazed window Double-glazed window 

21.3 22.2 

Table 1.4 
Average Inside/outside 
differences In dB 

It should be stressed that this figure only applies to facades that have not been fitted 
with special appliances to reduce noise impact. To give an extreme example of where 
this general finding does not apply, rooms may be equipped with air conditioning so 
that windows can stay closed or could even be sealed. Less drastic provisions are 
sound-attenuated ventilation openings. Little is known, however, about the inhabi
tants' experiences {long-term use, appreciation) of these and other solutions. For 
example, sound-attenuated ventilation openings are sometimes blocked in order to 
cut out draughts. 
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1.3.6 BACKGROUND LEVEL 

A simple definition of background level or "ambient noise" level is the noise that is 
not targeted for measurement or cakulation. Background noise can interfere with 
the target noise in a number of ways. It can: 

• mask the signal 
• interact physically 
• interact psychologically. 

As this report is often dealing with low-level target noise, masking is an important 
issue. The other two interactions are more important in the domain of annoyance. 
Masking, however, is a complex process. The human auditory system is uncannily 
good at separating signals from "background". Microphones (and the software behind 
them) have been slow to catch up, as the unsatisfactory results show when it comes to 
automatically recognizing aircraft in long-term unmanned measuring stations. 

The rule of thumb that a noise can be considered masked if the signal is 10 dB below 
the background is only valid if the noises have the same frequency composition and 
if they actually occur at the same time. This is particularly important to stress where 
LAe levels are compared: even a relatively continuous motorway of 50 dB cannot 
mask aircraft noise of 30 dB, because this may be composed of five aircraft arriving 
at an LAmax of 57 dB. Neither can birdsong, because the frequency domains do not 
overlap. 

Another factor relevant for this report is that background levels are lower at night
time than they are in the daytime. This is true for most man-made noises, but also 
for the natural background levels as wind speeds at night slow down. 

Most levels mentioned in this report do not take background levels into account -
explicitly. Where long-term LAeq levels are related to effects like hypertension and 
self-reported sleep disturbance, background levels are ignored, but they could 
obscure the effect at the lower end of the scale. This then influences the lowest level 
where an effect starts to occur. 

In sleep laboratory studies the background level is kept as low as possible, around 
30 dB. The background of the instrumentation is 20 dB. 

In semi-field experiments it has been found that background noise levels inside bed
rooms are very low, partly because people tend to choose their bedrooms on the 
quiet side of the building. This may have the side-effect of exposing children to high
er levels. 

1.3.7 CHOICE OF INDICATORS FOR REGULATORY PURPOSES 

From the scientific point of view the correct choice for a noise indicator is its perform
ance in predicting the effect. There are, however, a number of additional criteria which 
may influence the choice. Firstly, for different health end points different indicators 
could be suitable. Further considerations are of a more political nature, as mentioned in 
the Position Paper on EU noise indicators (European Commission, 2000). Indicators 
should also be easy to explain to the public - intuitively understandable, avoiding 
unnecessary breaks with current practice and enforceable. This is probably why in many 
countries LAmax is a popular indicator: it has undeniable qualities in these areas. 
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This is also the case for LAeq indicators for short periods of, for example, one or a 
few hours in the middle of the night. Other fashionable indicators are those looking 
at numbers above a threshold. 

For these indicators the relation between health end points and their values is either 
not well established, or rhe correlation between them and current indicators is high, 
or the correlation between the indicator and an effect is low. 

1.4 EXPOSURE IN THE POPULATION 

1.4.1 NOISE LEVELS 

Surprisingly little information is available on the exposure of houses to night-time 
noise. It is possible that, in a few years time, the END will lead to the creation of a 
substantial database on these levels, but up till now only two countries have derailed 
data available (Table 1.5). 

Lnight in dB 
Table 1.5 

Country 40-45 46-50 51-55 56-60 61- 65+ Percentage of 

Switzerland (Muller-Wenk, 2002) 24% 14% 7% 2% 
dwellings per 
noise class of 

Netherlands 25% 31% 19% 6% 1% 
Lnlqht In dB 

(Nijland and Jabben, 2004) 

Notwithstanding the obvious differences between these two countries, the data show 
a remarkable similarity. 

A first result of the END (see Table 1.6) comes from a study into night regulations 
for (large) airporrs (Wubben and Busink, 2004). 

Airport Number of Number of night Night operations as 
inhabitants operations per year percentage of 

daytime operations Table 1.6 

Amsterdam 
Number of Inhabitants 

21 863 23 462 5.8% within 45 Lnlqht contour 
Frankfurt 134 651 46 662 10.1% 
London 477 289 26 465 5.7% 
Paris 180 184 51 683 10.3% 

1.4.2 REPORTED NIGHT-TIME NOISE DISTURBANCE 

Complaints about night-rime exposure to noise are widespread and not exactly new: 
Roman writers used to complain about the racket in the streets at night (Juvenal , 
160). Surprisingly, little detailed information is available today. 

Nevertheless, data collected from a few M ember States can help to give an impres
sion of the order of magnitude of effects. 
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Fig. 1.8 shows the relative contributions to overall sleep disturbance caused by noise 
from different sources in the Netherlands. These data were derived from surveys in 
1998 and 2003 (van Dongen et al., 2004) in which 4000 and 2000 people, random
ly selected, were asked: "To what extent is your sleep disturbed by noise from 
[source mentioned] ... " on a scale from 1 to 10. People recording the three highest 
points in the scale were considered " highly disturbed", according to an internation
al convention. The totals are calculated from the number of people reporting serious 
sleep disturbance from one or more sources. 

Unfortunately, comparable research data from other countries or regions is not 
available, and there is reason to believe that there may be considerable differences in 
the figures. Since this study is based on a survey conducted in the Netherlands, it is 
not representative for other Member States in the EU. General (not specific for night
time) annoyance data from Germany and the United Kingdom give an indication 
that similar numbers of people are affected. 
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However, the fact that other noise nuisances may contribute significantly to overall 
sleep disturbance should not be overlooked. Further research on this topic is needed 
in order to gain an insight into the contribution of various noise sources to sleep dis
turbance. 

1.5 CONCLUSIONS 

The methods and criteria for deriving guidelines rest on well-established procedures 
from epidemiology. To relate the effects to the dose, standard metrics will be used 
wherever available. If possible, the values found in literature will be converted to 
avoid confusion. Most of the conversions are relatively straightforward and depend 
on physical laws; others, in particular the conversion between outside and inside lev
els, depend on local factors and should be used only if no other information is avail
able. 

Information about night-time noise exposure is relatively scarce, despite 10 EU 
Member States having limit values for night-time noise. The END could substantial
ly increase this information (large-scale noise mapping is foreseen in 2007), increas
ing the demand for guidance. 
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CHAPTER 2 

THE RELATION BETWEEN 
SLEEP AND HEALTH 

A night of quiet and repose in the profound silence of Dingley Dell, and an hour's 
breathing of its fresh and fragrant air on the ensuing morning, completely recovered Mr 
Pickwick from the effects of his late fatigue of body and anxiety of mind. 

(Charles Dickens, The Pickwick Papers, 183 6) 

2.1 SLEEP, NORMAL SLEEP, DEFINITIONS OF 
SLEEP DISTURBANCE, CHARACTERISTICS 
MECHANISMS, THE INSOMNIA MODEL 

2.1.1 NORMAL SLEEP (OBJECTIVE MEASUREMENTS) 

Sleep is part of living and, along with being awake, forms an inherent biological 
rhythm (Cooper, 1994). Normal sleep can be defined in an objective or subjective 
manner. The objective criteria are defined using a polysomnographic recording 
(PSG) of sleep, the method that measures different physiological functions during 
sleep. Minimal polygraphic requirements to measure sleep adequately include two 
channels of electroencephalography (EEG), one channel for the electrooculogram 
(EOG), and one channel for the submental electromyography (EMG). In routine 
PSG, additional channels are used to assess respiration, leg movements, oxygenation 
and cardiac rhythm (Ebersole and Pedley, 2003). 

Scoring of sleep stages is usually done on an epoch-by-epoch basis, with a 30-second 
length used as a standard. Epochs are scored according to the guidelines of 
Rechtschaffen and Kales (1968). Each epoch is scored as the stage that occupies 
more than 50% of that epoch. Sleep can be divided into the following stages. 

• Arousal is not a uniform concept and has been defined differently by different 
researchers. Commonly, the occurrence of alpha rhythms is required for EEG 
arousal. Depending on the additional requirements and on the length of time that 
the slower cortical rhythms are interrupted, arousals have been called, for instance, 
micro-arousal, minor arousal, EEG awakening or transient activation phases. The 
American Sleep Disorders Association (1992, 1997) devised a scoring system, tak
ing sequences of 3-15 seconds into account for transient arousals which are not 
transferred to macroscopic behavioural awakening. Eleven further criteria must be 
met (see also Chapter 3, section 3.1.2). 

• Vegetative arousals are activations of the sympathic nervous system. 

• Stage W corresponds to the waking stage and is characterized by alpha activity or 
low-voltage, mixed-frequency EEG activity. Rapid eye movements (REMs), eye 
blinks, and tonic EMG activity are usually present. 

• Stage 1 is scored when more than 50% of an epoch is low-voltage, 2-7 Hertz (Hz) activ
ity. Vertex waves may occur in lare stage 1. Slow rolling eye movements lasting several 
seconds are routinely seen early in stage 1, but K complexes and sleep spindles are absent 
by definition. Tonic EMG activity is usually less than that of relaxed wakefulness. 
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• Stage 2 requires the presence of sleep spindles or K complexes, and less than 20% 
of the epoch contains delta activity. Bursts of sleep spindles must last at least 0.5 
se,onds before they ,an be srnreJ. K ,omplexes are defined as biphasi, vertex 
sharp waves with a total duration of greater than 0.5 se,onds. 

• Stage 3 is scored when 20-50% of an epo,h consists of delta activity that is 2 Hz 
or slower and is greater than 75 µVin amplitude. Sleep spindles may or may not 
be present. 

• Stage 4 is scored when more than 50% of an epoch consists of delta activity that 
is 2 Hz or slower and is more than 75 pV in amplitude. Reliable differentiation of 
stage 3 and stage 4 sleep is difficult by visual inspection, and most laboratories 
combine stages 3 and 4 into a single determination of slow-wave sleep (SWS). 

• Stage REM is characterized by relatively low-voltage, mixed-frequen,y EEG activ
ity with episodic REMs and absent or markedly reduced axial EMG activity. 
Phasic EMG activity may occur, but tonic activity must be at a level that is as low 
as, or lower than, that during any other time in the stuJy. Sleep spindles and K 
complexes are a bsent. Series of 2- to 5- Hz vertex-negative "saw-tooth waves" 
occur, particularly just before phasic REM activity. The requirements to score sleep 
as REM sleep are: REMs, low or absent axial EMG, and typical mixed-frequency 
EEG recording that does not preclude the scoring of REM. 

Movement time is s,ored when more than 50% of an epo,h is obs,ured by move
ment artefact. Movement time must be pre,eded or followed by sleep and is thus dis
tinguished from movement occurring during wakefulness. 

Additional sleep values are determined from each sleep study and contribute to the 
clinical interpretation of the study. These additional variables include the following. 

• Recording time is the time elapsed between "lights out" and "lights on" at the end 
of the study. 

• Total sleep time (TST) is the total time occupied by stage 1, stage 2, SWS and REM 
sleep . 

• Sleep efficiency (SE) is defined as total sleep time divided by recording time and is 
expressed as a percentage. 

• Sleep latency (SL) is the time from "lights off" to the first epoch scored as sleep. 
Some authors prefer to use the first epoch of stage 2 in order to be more confident 
about identifying the onset of sustained sleep. However, when sleep is very disrupt
ed, there may be an extended interval from recognition of stage 1 until an epoch 
that can be scored as stage 2. 

• REM latency is the time from sleep onset (as described earlier) to the first rime 
period scored as REM, minus any intervening epochs as wakefulness. 

• Sleep stage percentages(% in stage 1, stage 2, SWS and REM sleep) are determined 
by dividing time recorded in each sleep stage by total sleep time. 

• Wake after sleep onset (WASO) is time spent awake after sleep onset. 
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The objective criteria defining normal sleep are based on: sleep latency, total sleep 
time, sleep efficiency and the number of awakenings, including cortical arousals. 
However, all these parameters are age-related, sometimes also gender-related, and 
may vary from one individual to another. 

Normal sleep has a clearly defined architecture that is relatively stable. Predictable 
changes in sleep architecture occur with age. Beginning in middle age, SWS becomes 
less prominent, the number of awakenings increase, and sleep efficiency decreases. 
Published information on normal sleep can serve as an outline for normal values in 
PSG (Williams, Kara can and Hursch, 1974; see also Table 2.1 ), but each laboratory 
must study control subjects to identify any significant effects on sleep that result 
from differences in technique or environment (Ebersole and Pedley, 2003). 

Sleep parameter 
(normal values) 20- 29 years 40-49 years 60-69 years 

TST (min) 419 389 407 
Sleep efficiency 
(TST/fIBa) 95% 91% 90% Table 2.1 

WASO 1% 6% 8% 
Average normal values for 

Stage 1 (% of TST) 4% 8% 10% 
adults of different ages 

Stage 2 (% of TST) 46% 55% 57% 
SWS (% of TST) 21% 8% 2% 
REM (% of TST) 28% 23% 23% 
Sleep latency (min) 15 10 8 

a Time i11 bed 
Source: Williams, Kara can and Hr,rsch, 1974. 

Pass.:hier-Vermeer (2003a) reports that subje<.:ts not exposed to loud night noise typ
ically repor t waking up one and a half to two times during an average sleep period, 
while the number of EEG awakenings including cortical arousals averages 10- 12 per 
night (Table 2.2). 

Subjects not exposed Subjective report of Number of EEG 
Table 2.2 

to loud night noise number of awakenings awakenings 

Normal adult 
subjects 1.5- 2 10- 12 

Source: Passchier-Vermeer, 2003a. 

Parameters of normal 
sleep 

Night arousals result in fragmented sleep, whi.:h in turn leads to ex<.:essive daytime 
sleepiness (EDS). The gold standard for the assessment of EDS is the multiple sleep 
latency test (MSLT) (see Table 2.3), which provides an objective quantification of 
"sleepiness". The preceding night's sleep requires the PSG to ensure adequate sleep 
and to exclude sleep disruption. During the day, four or five nap times are scheduled 
every two hours. For each scheduled nap time the patient lies down and assumes a 
.:omfortable sleep position with the tedmi<.:ian's instructions to "dose your eyes and 
attempt to sleep". Each nap is terminated 20 minutes after the nap time started if no 
sleep occurred; or after 15 minutes of continuous sleep as long as sleep onset (SO) 
criteria are met before the end of 20 minutes; or after 20 minutes if the patient awak
ens, even if the patient has been asleep less than 15 minutes. The patient is instruct
ed to stay awake between the nap periods. 
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Group MSLT (min) No REM SO 1 REM SO 2 or more 
(% of group) (% of group) REM SO 

Table 2.3 Narcoleptics 2.9 ± 2.7 2 
Mean sleep latency EDS (non-

narcoleptic, 8.7 ± 4.9 92 
non-sleep 
apnoeic) 
Controls 13.4 ± 4.3 100 

Source: Ebersole and Pedley, 2003. 

2.1.2 DEFINITIONS OF DISTURBED SLEEP 

2 

8 

0 

(% of group) 

96 

0 

0 

Sleep disorders are described and classified in the International Classification of Sleep 
Disorders (ICSD) (American Academy of Sleep Medicine, 2005). 

When sleep is permanently disturbed and becomes a sleep disorder, it is classified in the 
ICSD 2005 as "environmental sleep disorder". Environmental sleep disorder (of which 
noise-induced sleep disturbance is an example) is a sleep disturbance due to a disturb
ing environmental factor that causes a complaint of either insomnia or daytime fatigue 
and somnolence. Secondary defi..:its may result, induding defi..:its in concentration, 
attention and cognitive performance, reduced vigilance, daytime fatigue, malaise, 
depressed mood and irritability. The exact prevalence is not known. Fewer than 5% of 
patients seen at sleep disorder centres receive this diagnosis. The sex ratio is not 
known. The disorder may occur at any age, although the elderly are at more risk for 
developing this condition {American Academy of Sleep M edicine, 2005). 

2.1.2.1 Insomnia 
In the ICSD 2005 the section on insomnia includes a group of sleep disorders all of which 
have in ..:ommon the complaint of insomnia (adjustment insomnia, psychophysiologi..:al 
insomnia, paradoxical insomnia, idiopathic insomnia, etc.), defined as repeated difficul
ty with sleep initiation, duration, consolidation or quality that occurs despite adequate 
time and opportunity for sleep and results in some form of daytime impairment. 
Insomnia is a symptom that often arises from primary medical illness, mental disorders 
and other sleep disorders, but may also arise from abuse or exposure. However, the gen
eral criteria for insomnia are the same for all subgroups of insomnias. 

2.1.2.2 General criteria for insomnia 
A. A complaint is made con..:erning diffi..:ulty initiating sleep, Jiffi..:ulty maintaining 

sleep, waking up too early or sleep that is chronically non-restorative or poor in 
quality. In children, the sleep difficulty is often reported by the carer and may 
consist of observed bedtime resistance or inability to sleep independently. 

B. The above sleep difficulty occurs despite adequate opportunity and circumstances 
for sleep. 

C. At least one of the following forms of daytime impairment related to the night
time sleep diffi..:ulty is reported by the patient: 

• fatigue or malaise 
• attention, concentration, or memory impairment 
• social or vocational dysfunction or poor school performance 
• mood disturbance or irritability 
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• daytime sleepiness 
• motivation, energy, or initiative reduction 
• proneness to errors or acciJents at work or while Jriving 
• tension, headaches, or gastrointestinal symptoms in response to sleep loss 
• concerns or worries about sleep. 

Defining the cause of a sleep/wake disturbance in an insomnia patient is a complex 
task since it is often multifacrorial. In fact, a confluence of factors that support mul
tiple insomnia diagnoses may be juJgeJ important in many patients with insomnia. 
Although selection of a single diagnosis is preferable and this selection may be 
appropriate, such a selection should not necessarily imply the absence of a subset of 
factors relevant to an alternate diagnosis. When criteria for multiple insomnia diag
nosis are met, all relevant diagnosis should be assigned. 

2.1.2.3 Environmental sleep disorder 
In the ICSD 2005, environmental sleep disorder is listed in the category of "other sleep 
disorders". Noise-induced sleep disturbance is one of the disturbing environmental fac
tors that cause a complaint of either insomnia or daytime fatigue anJ somnolence. 

The diagnostic criteria for environmental sleep disorder are the fo llowing. 

A. The patient complains of insomnia, daytime fatigue or a parasomnia. In cases 
w here daytime fatigue is present, the daytime fatigue may occur as a result of 
the accompanying insomnia or as a result of poor quality of nocturnal sleep. 

B. The compla int is temporally associated with the introduction of a physically 
measurable stimulus or environmental circumstance that disturbs sleep. 

C. It is the physical properties, rather than the psychological meaning of the envi
ronmental factor, that accounts for the complaint. 

D. The sleep disturbance is not better explained by another sleep disorder, medical or 
neurological disorder, mental disorder, medication use or substance use disorder. 

The prevalence of environmental sleep disorder is not known. Fewer than 5% of 
patients seen at sleep disorder centres receive this diagnosis. 

International standardization and quantification for measurement of the depth of sleep is 
based on Rechtschaffen and Kales criteria from 1968. Sleep is divided into 30-second 
epochs, and a phase is only assessed if the specific features are evident for more than 50% 
of the epoch length. For example, wakefulness is scored when at least 15 seconds of con
tinuous awakening is present. Arousal reactions not leading to macroscopic awakening 
were not included in the definition by Rechtschaffen and Kales. With the arousals as 
described by the American Sleep Disorders Association (1992) it is possible to display sub
vigilant sleep fragmentation, caused by intrinsic sensory and autonomic alarm reactions. 
An arousal index providing the arousal density (events per hour of sleep) was taken as a 
measure of the degree of severity. In one hour, 10-20 arousals are considered as normal in 
healthy aJults. However, the use of EEG arousals with the American Sleep Disorders 
Association definition provides no sufficient explanation of daytime sleepiness (Ali, Pitson 
and Stradling 1996; Ayas et al., 2001) unless they are accompanied by vegetative arousals. 

Regarding noise, different vigilance level assessments in various functional systems are 
important. Dumont, Momplaisir and Infante-Rivard (1988) proposed investigations of 
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vegetative, motor and sensory functions independently of each other. One of the pos
sible factors indicating disturbed sleep is a vegetative arousal index. A vegetative arous
al index of more than 30 per hour is certainly ..:onsidered as serious, more than 20 per 
hour as intermediate and more than 10 as a light form of sleep disorder. 

With respect to insomnia (section 2.1.2), there is the possibility of misclassification 
if the general practitioner (GP) overlooks excessive noise as the possible cause of the 
complaint. There is also the possibility that the insomnia is aggravated by noise. 

2.1.3 CONCLUSIONS 

Published information on normal sleep can serve as an outline for normal values in 
PSG. However, these values are only informative, because each sleep laboratory must 
study control subje..:ts to identify any significant effects on sleep that result from dif
ferences in technique or environment. Excessive daytime sleepiness is a consequence 
of disturbed night sleep and can be objectively assessed by MSLT, which provides an 
objective quantification of "sleepiness". 

2.2 LONG-TERM HEALTH RISK MEDIATED BY 
SLEEP DISTURBANCES 

2.2.1 STRESSORS, NEUROBEHAVIOURAL DATA AND 
FUNCTIONAL NEUROIMAGING 

It is generally accepted that insufficient sleep and particularly sleep loss has a great 
influence on metabolic and endocrine functions (Spiegel, Leproult and van Cauter, 
1999), as well as on inflammatory markers, and contributes to cardiovascular risk. 
C-reactive protein (CRP) as a major marker of the acute phase response to inflam
matory reaction promotes secretion of inflammatory mediators by vascular endothe
lium and may be therefore directly involved in the development of atherosclerotic 
lesions. CRP as a risk predictor of strokes and heart attacks linearly increases with 
total and/or partial sleep loss (Meier-Ewert et al., 2004). 

An additional factor, closely linked to cardiovascular health, glucose regulation and 
weight control, is leptin. Leptin is one of the major regulators of energy homeosta
sis and its circadian profile interacts closely with sleep. 

Secretion of leptin increases at night and decreases during the day. A decreased lep
tin level, that is connected with sleep loss, increases appetite and predisposes to 
weight gain, impaired glucose tolerance and impaired host response. 

Other studies have focused on how sleep loss affects neurobehavioural functions, 
especially neurocognitive performance. Functional brain imaging and EEG brain 
mapping studies show that the patterns of functional connectivity between brain 
regions, evident in the performance of specific cognitive tasks, are altered by sleep 
loss (NCSDR, 2003). According to this finding, the maintenance of sustained per
formance during sleep loss may depend upon regional functional plasticity. 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006603

ADMINISTRATIVE RECORD Page 49 of 73

- Page 1777 -



SLEEP AND HEALTH SIii 

Cumulative waking, neurocognitive deficits and instability of state that develop from 
chronic sleep loss have a basis in a neurobiological process that can integrate 
homoeostatic pressure for sleep across days. Increased efforts have helped to deter
mine the roles of REM and non-REM sleep in memory. 
Functional brain imaging techniques, such as positron emission tomography (PET), 
functional magnetic resonance imaging (fMRI), magnetic resonance spectroscopy 
(MRS), single photon emission computed tomography (SPECT) and magneto-elec
troencephalography (MEG), have recently been analysed in a study of sleep and 
waking (NCSDR, 2003). These techniques allow the measurement of metabolic and 
neurochemical activity throughout the brain, and can reveal dynamic patterns of 
regional cerebral activity during various brain states, including stages of sleep and 
levels of alertness during wakefulness or during functional challenge. These tech
niques can also help identify both normal and abnormal sleep/wake processes. 

In the last five years, functional neuroimaging techniques (particularly PET) have 
revealed that non-REM sleep is associated with the deactivation of central encephal
ic regions (brainstem, thalamus, basal ganglia) and multimodal association cortices 
(for instance, prefrontal and superior temporal/inferior parietal regions). REM sleep 
is characterized by reactivation of all central encephalic regions deactivated during 
non-REM sleep except the multimodal association areas. PET studies during sleep
deprived wakefulness have revealed regional cerebral deactivations that are especial
ly prominent in prefrontal and inferior parietal/superior temporal cortices, and in the 
thalamus. This pattern is consistent and helpful in explaining the nature of cognitive 
performance deficits that occur during sleep loss. As revealed by means of fMRI 
techniques during cognitive task performance, the maintenance of performance fol
lowing sleep loss may be a function of the extent to which other cortical brain 
regions can be recruited for task performance in the sleep-deprived state. 

PET, SPECT and fMRI studies have revealed, in depressed patients, initially elevat
ed activation in anterior cingulate and medial orbital cortices (NCSDR, 2003). In 
these patients, sleep deprivation reduces this regional hyperactivation, and improve
ments in mood are a function of the extent to which this activity is reduced. These 
studies point to possible mechanisms by which antidepressant drugs may exert their 
effects. Further research should be oriented towards neuroimaging and measure
ments of changes in the brain's metabolic activity at the neurotransmitter level. 

2.2.2 SIGNALS MEDIATED BY A SUBCORTICAL AREA 
(THE AMYGDALA), THE ROLE OF STRESS HORMONES 
IN SLEEP DISTURBANCE AND THEIR HEALTH 
CONSEQUENCES 

Experimental as well as clinical studies (Waye et al., 2003; Ising and Kruppa, 2004) 
showed that the first and fastest signal of stressors introduced by noise is detected 
and mediated by a subcortical area represented by the amygdala while the stress 
response to noise is mediated primarily by the hypothalamus-pituitary-adrenal 
(HPA) axis. A major intrinsic marker of the circadian rhythm is in the level of circu
lating corticosteroids derived from activity within the HPA axis. A protracted stress 
response with activation of the HPA axis is a major physiological response to envi
ronmental stressors. The cortisol response to awakening is an index of adrcnocorti
cal activity, and long-term nocturnal noise exposures may lead, in persons liable to 
be stressed by noise, to permanently increased cortisol concentration above the nor-
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mal range. The hypothesis that an increased risk of cardiovascular diseases is con
nected with stress concepts is generally accepted {Ekstedt, Akerstedt and 
Soderstrom, 2004; Ising and Kruppa, 2004). Stress reactions may lead to derange
ment of normal neurovegetative and hormonal processes and influence vital body 
functions. Cardiovascular parameters such as BP, cardiac function, serum choles
terol, triglycerides, free fatty acids and haemostatic factors {fibrinogen) impede the 
blood flow through increased viscosity and presumably blood sugar concentration 
as well. Insulin resistance and diabetes mellitus, stress ulcers and immune system 
deficiency are a lso frequent consequences of stress reaction. Disturbed sleep may 
lead to immunosuppression and diminished protein synthesis {Ho rne, 1988). 

As well as nonspecific effects of the stress response on the functioning of the immune 
system, there is considerable evidence for a relation between sleep, especially SWS, 
and the immune system {Brown, 1992). This evidence includes surges of certain 
immune parameters and growth hormones at onset of SWS, correlation of non-REM 
sleep, total sleep time and sleep efficiency with natural killer cell activity, and corre
lation of SWS with recovery from infections. These data, taken together with infor
mation on the effect of intermittent transportation noise o n SWS during the first 
sleep cycles and overnight, suggest that the immune response could also be impact
ed directly by environmental noise during sleep {Carter, 1996). 

2 .2.3 SLEEP RESTRICTION, ENVIRONMENTAL STRESSORS 
{NOISE) AND BEHAVIOURAL, MEDICAL AND SOCIAL 
HEALTH CONSEQUENCES Of INSUFFICIENT SLEEP: 
RISK Of MORBIDITY AND MORTALITY 

Sleep restriction due to environmental stressors leads to primary sleep disorders, but 
health is also influenced by the consequenc:e of stress response to noise mediated by 
the HPA axis and/or by restriction of specific sleep stages {see above) . 

Sleep restriction leads, in approximately 40% of affected subjects, to daytime sleepiness 
that interferes with work and social functioning. Excessive daytime sleepiness is thus a 
major public health problem, as it interferes with dai ly activities, with consequences 
including cognitive problems, motor vehicle accidents {especially a t night), poor job per
formance and reduced productivity {Lavie, Pillar and Malhotra, 2002). In the last 
decade, experimentally based data have been collected on chronic restriction of sleep {by 
1-4 hours a night), accumulating daytime sleepiness and cognitive impairment. M ost 
individuals develop cognitive deficits from chronic sleep debt after only a few nights of 
reduced sleep quality or quantity. New evidence suggests additional important health
related consequences of sleep debt related to common viral illnesses, diabetes, obesity, 
heart disease, depression and other age-related chronic disorders. 

The effects a nd consequences of sleep deprivation are summarized m Table 2.4 
{Lavie, Pillar and Malhotra, 2002). 

The relationship between sleep quantity and quality and estimates of morbidity and mortali
ty remains controversial. Epidemiological data (NCSDR, 2003) suggest that habitually short 
sleep (less than 6 hours sleep per night) is associated with increased mortality. Epidemiological 
studies in recent years eluc:idated, however, that too much sleep is a problem as well. Kripke 
et al. (2002) evaluated a questionnaire study of 1.1 million men and women aged 30-102 
years and found the lowest mortality risk between respondents sleeping 7 hours per night. 
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Type 

Behavioural 

Cognitive 

Neurological 

Biochemical 

Others 

Short-term 

Sleepiness 
Mood changes 
Irritability and 
nervousness 

Impairment of function 

Mild and quickly 
reversible effects 

Increased metabolic 
rate 
Increased thyroid 
activity 
Insulin resistance 

Hypothermia 
Immune function 
impairment 

SLEEP AND HEALTH BJII 

Long-term 

Depression/mania 
Violence 

Difficulty in learning 
new skills 
Short-term memory 
problems 
Difficulty with com
plex tasks 
Slow reaction time 

Cerebellar ataxia, 
nystagmus, tremor, 
ptosis, slurred 
speech, increased 
reflexes, increased 
sensitivity to pain 

Decreased weight 
despite increased 
caloric intake 
(in animals) 
Diabetes, obesity 
(in humans) 

Susceptibility to 
viral illness 

Table 2.4 
Consequences of sleep 
deprivation 

Mortality risk significantly increased when sleep duration was less than 6 or higher 
than 8 hours per night. Other authors have also published similar results (Patel et 
al., 2004; Tamakoshi and Ohno, 2004). Patel et al. (2004) in a prospective study of 
sleep duration and mortality risk in 5409 women confirmed previous findings that 
mortality risk is lowest among those sleeping 6-7 hours per night. The mortality risk 
for death from other causes significantly increased in women sleeping less than 5 and 
more than 9 hours per night. It is not clear how the length of sleep can increase this 
risk, although animal evidence points to a direct link between sleep time and lifes
pan (see section 2.5 in this chapter). Up to now, no epidemiological prospective 
study has been published that examines the relationship between sleep and health 
outcomes (morbidity and mortality) with subjective and objective estimates. Recent 
studies, however, show that sleep duration of least 8 hours is necessary for optimal 
performance and for prevention of daytime sleepiness and accumulation of sleep 
debt. 

Environmental stressors, including noise, mostly cause insomnia. Insomnia also 
involves daytime consequences, such as tiredness, lack of energy, difficulty concen
trating and irritability. A reasonable prevalence estimate for chronic insomnia in the 
general population is about 10%; for insomnia of any duration or severity this rises 
to between 30% and 50%, and incidence increases with ageing. In the course of per
imenopausal time, women are particularly vulnerable to developing this complaint. 
The major consequences and co-morbidity of chronic insomnia (see Table 2.5) con
sist of behavioural, psychiatric and medical problems. Several studies also report a 
higher mortality risk (Zorick and Walsh, 2000). 
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Table 2 .5 
Consequences of 
chronic insomnia 

Type Consequence 

Behavioural Poor performance at work, fatigue, memory difficulties, 
concentration problems, motor vehicle accidents 

Psychiatric Depression, anxiety conditions, alcohol and other sub
stance abuse 

Medical 

Mortality 

Cardiovascular, respiratory, renal, gastrointestinal, 
musculoskeletal disorders 
Obesity 
Impaired immune system function 

Increased risk is reported 

2.2.3.1 Behavioural consequences 
Transient (short-term) insomnia is usually accompanied by spells of daytime sleepi
ness and performance impairment the next day. Persistent (long-term) insomnia 
tends to be associated with poor performance at work, fatigue, memory difficulties, 
concentration problems and twice as many fatigue-related motor vehicle accidents as 
in good sleepers. 

2.2.3.2 Psychiatric conditions 

Epidemiological research indicates that the prevalence of any psychiatric disorder is 
two or three times higher in insomniacs. The risk of depression as a co-morbid state 
appears to be particularly strong, being approximately four times more likely in 
insomnia patients. Furthermore, insomnia may be an early marker for psychiatric 
disorders such as depression, anxiety conditions and alcohol abuse. Anxiety has been 
quite commonly found in insomniacs compared with the general population. About 
25-40% of insomnia patients are estimated to have significant anxiety, and the 
abuse of alcohol and other substances is increased in insomniacs relative to good 
sleepers (Ford and Kamerow, 1989). Samples of unselected psychiatric patients have 
about a threefold increase in the frequency of insomnia compared with healthy con
trol subjects, and the severity of the condition correlates with the intensity of the psy
chiatric symptoms. Among samples of outpatients who consulted their GPs for 
insomnia, about 50% presented with psychiatric -:onditions, and about half of these 
patients were probably depressed (Zorick and Walsh, 2000). 

2.2.3.3 Medical consequences 
Insomnia has been statistically associated with various medical conditions, including 
disorders of the cardiovascular, respiratory, gastrointestinal, renal and musculoskele
tal systems. A large series of insomniac patients showed that poor sleepers are more 
than twice as much at risk of ischaemic heart disease (!HD) as good sleepers 
(Hyyppa and Kronholm, 1989). Insomnia patients were also shown (Irwin, Fortner 
and Clark, 1995) to have impaired immune system function. Keith et al. (2006) 
hypothesize a connection between sleep deficit as one of the possible factors to 
explain the rise in obesity. Hormone changes and animal experiments apparently 
support this. 

2.2.3.4 Mortality risk 
Only a few epidemiological studies deal with mortality in insomniacs. According to 
Kripke et al. (1979), reduced sleep time is a greater mortality risk than smoking, 
hypertension and cardiac disease. Higher death rates are also reported among short 
sleepers. In this respect, however, further systematic investigation of the link between 
insomnia, short sleep and death is desirable. 
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2 .3 RISK GROUPS 
Risk groups are people who may be either sensitive (showing more reaction to a 
stimulus than the average), are more exposed (also called vulnerable) or both. 

2.3.1 HEALTH EFFECTS OF DISTURBED SLEEP IN CHILDREN 

Although children appear to tolerate a single night of restricted sleep with no detri
mental effect on performance of brief tasks, perhaps more prolonged restriction and 
prolonged tasks similar to those required in school would show negative effects. In 
addition, as children seem to require more time to recuperate fully from nocturnal 
sleep restriction than adults (Carskadon, Harvey and Dement, 1981a), with addi
tional nights of partial sleep deprivation, cumulative sleepiness might become a sig
nificant problem. 

Empirical data that directly address the effects of repeated sleep loss on children's 
mood or cognitive function are sparse. A range of clinical and observational data 
support a general picture that inadequate sleep results in tiredness, difficulties in 
focusing attention, low thresholds for negative reactions (irritability and easy frus
tration), as well as difficulty in controlling impulses and emotions. In some cases, 
these symptoms resemble attention-deficit hyperactivity disorder (ADHD). 

Environmental noise experienced at home during night-time is a sometimes unpre
dictable and most often discontinuous event (for example traffic noise, aircraft or 
train noise, a noisy environment for other reasons, for instance proximity with a dis
cotheque, etc.), that might lead to sleep disruption without leading to behavioural 
awakenings through the alteration of sleep microstructure, in a similar manner as 
other sleep disturbing events such as respiratory disturbances. 

Therefore, in respect of clinical settings, we can assume that, in children, an experi
menta l model for the consequences of noise can be represented by respiratory distur
bances during sleep, such as snoring, upper airway resistance syndrome (UARS) or 
obstructive sleep apnoea syndrome (OSAS), either for the noise produced by snoring 
or for the effects on the arousal system and sleep microstructure. 

For this reason, this section describes the well-studied effects of sleep breathing dis
orders on children's health and then evaluates the indicators of sleep disruption from 
the point of view of sleep microstructure. 

In the literature few data on the medium- and long-term effects of disturbed sleep in 
children are available from the longitudinal point of view. Most reports focused on 
respiratory disturbances during sleep as a theoretical model to evaluate the long
term effects of disturbed sleep in children. This review reports on the medium- and 
long-term negative consequences of disturbed sleep on cognitive functi oning, behav
iour, mental health, growth and the cardiovascular system. 

2.3.1.1 Sleep deprivation in children 
The effects of sleep deprivation were evaluated in children. The findings only indi
rectly pertain to this general report, although repeated noise-induced sleep disrup
tion favours sleep deprivation. 

In another study, 15 healthy infants aged 78+/-7 days were studied during two 
nights: one night was preceded by sleep deprivation (kept awake for as long as pos-
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sible beyond their habitual bedtime: median onset 150 min; range 0-210 min) 
(Thomas et al. , 1996). Of the 15 children, 13 slept supine, 12 were breastfed and 4 
were from smoking parents. Following sleep deprivation, infants ma intained a 
greater proportion of quiet sleep (44% vs. 39%; p=.002). There was no measurable 
change in arousal propensity by either graded photic (stroboscope) or auditory stim
uli (1 kHz pure tone, delivered in the midline of the cot, from 73 dB and increased 
in 3 dB steps to 100 dB) during quiet sleep. 

Forty-nine Finnish children (26 boys/23 girls) aged 7-12 years were interviewed 
together with their parents and school teachers, and recorded for 72 hours with a 
belt-worn activity monitor during weekdays. 

The objectively measured true sleep time was associated with psychiatric symptoms 
reported by a teacher. The decreased amount of sleep was associated more with 
externalizing than internalizing types of symptoms (aggressive and delinquent 
behaviour, attention, social, and somatic problems) (Aronen et al. , 2000). 

In a survey, it was also shown that out of 100 Belgian school children, aged between 
9 and12 years, those with poor sleep (insomnia) were also showing more frequent 
poor school performance (failure to comply with expected grades) than good sleep
ers. The relation between poor sleep and a noisy environment was, however, not 
evaluated (Kahn et al., 1989). 

2.3.1.2 Neurocognitive manifestations 
Several studies in adults have shown that sleep fragmentation and hypoxaemia can 
result in daytime tiredness and loss of concentration, retrograde amnesia, d isorien
tation, morning confusion, aggression, irritability, anxiety attacks and depression. 
One could hypothesize that sleep fragmentation and hypoxaemia would affect the 
neuropsychological and cognitive performance also in children, where the impact of 
abnormal sleep may be even greater than in adults. In fact, neurocognitive and 
behavioural deficits and school problems have been reported recently in children 
with sleep-related obstructive breathing d isorders (SROBD). 

2.3.1.3 Attention capacity 
This represents the abi lity to remain focused on a task and appropriately attend to 
stimuli in the environment. Taken together the studies to date indicate that children 
with SRO BD are less reflective, more impulsive, and show poorer sustained and 
selective attention . Blunden et al. (2000) reported that, compared to 16 contro ls, 16 
children with mild SRO BD showed reduced selective and sustained attention. 
Owens-Stively et al. (1997) suggested a dose- response in attention-impulsivity with 
moderate to severe obstructive sleep apnoea syndrome (OSAS) children showing 
greater deficits than mild OSAS children . Importantly, early treatment showed that 
attention deficits in children with OSAS a re reversible (Guilleminault et al., 19826). 
In another study, 12 children with moderate to severe OSAS showed a significant 
reduction in inattention and an improvement in aggressive and hyperactive behav
iours and vigilance after surgical treatment (Ali, Pitson and Stradling, 1996). 

2.3.1.4 Memory 
Rhodes et al. (1995) found inverse correlations between memory and learning per
formance and the apnoea hypopnea index in 14 morbid ly obese children. Smaller 
deficits were observed by Blunden et al. (2000), who found in their sample of chil
dren with mild SROBD that mean global memory performance was in the lower end 
of the normal range compared to controls. 
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A recent study using actigraphy in normal school-age children showed that lower 
sleep efficiency and longer sleep latency were associated with a higher percentage of 
incorrect responses in working memory tasks; shorter sleep duration was associated 
with performing tasks at the highest load level only. Also, controlling for age, gen
der, and socioeconomic status, sleep efficiency and latency were significantly associ
ated with the mean incorrect response rate in auditory working memory tasks. This 
study showed that sleep quality (evaluated as sleep efficiency = 100* [sleep + light 
sleep]/duration) is more strongly associated with performance in working memory 
tasks than sleep duration, suggesting that in assessing sleep, attention should be 
directed not only at the amount of sleep but also at sleep quality. 

2.3.1.5 Intelligence 
Inspection of the mean IQ scores reported in the study by Rhodes et al. (1995) sug
gested that their sample of five obese children with moderate to severe OSAS per
formed in the borderline range whereas controls performed in the normal range. 
Blunden et al. (2000) showed smaller deficits in children with mild SROBD whose 
mean verbal and global IQ were in the lower end of the normal range. 

It remains unclear as to whether the putative negative effects of SROBD on intelli
gence are global in nature or confined to specific areas such as verbal rather than 
performance or visuospatial intelligence and whether these impairments can be 
reversed. 

2.3.1.6 Learning and school perfonnance 
It has been widely reported (Stradling et al., 1990; Guilleminault et al., 1996; 
Richards and Ferdman, 2000) that children with SROBD show reduced academic 
performance and learning. 

Weissbluth et al. (1983) found that poor academic achievers had a higher prevalence 
of night-time snoring (38% vs. 21 %) and breathing difficulties (13% vs. 6%). Out 
of 297 children with SROBD (22% snorers and 18% sleep-associated gas exchange 
abnormalities), 40% were in the lowest 10th percentile of academic performance 
(Goza[, 1998) and SROBD in early childhood may continue to adversely affect learn
ing in later years (Goza] and Pope, 2001). Goza! (1998) found in his sample of poor 
academic achievers that school grades improved post-adenotonsillectomy in treated 
but not untreated children. 

As well as those with SROBD, healthy normal children with fragmented sleep (mea
sured by actigraphy) also showed lower performance on neurobehavioural function
ing (NBF) measures, particularly those associated with more complex tasks, and also 
had higher rates of behavioural problems (Sadeh, Gruber and Raviv, 2002). 
Furthermore, in normal children without sleep disorders, modest sleep restriction 
can also affect children's NBF. Sadeh, Gruber and Raviv (2003) monitored 77 chil
dren for 5 nights with activity monitors. On the third evening, the children were 
asked to extend or restrict their sleep by an hour on the following three nights. Their 
NBF was reassessed on the sixth day following the experimental sleep manipulation 
and showed that sleep restriction led to improved sleep quality and to reduced 
reported alertness. 

These studies suggest that fragmented sleep or insufficient sleep is highly relevant 
during childhood and that children are sensitive to modest alterations in their natu
ral sleep duration. 
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Early reports documented that untreated OSAS can have long-term negative effects, such 
as failure to thrive, cor pulmonale and mental retardation. These severe consequences are 
less common now due to early diagnosis and treatment, but recent reports have focused 
on other long-term effects mainly related to neurocognitive deficits, such as poor learn
ing, behavioural problems and ADHD (Marcus, 2001). 

Goza! and Pope (2001) tried to determine the potential long-term impact of early child
hood snoring. Analysing questionnaires of 797 children in a low academic performance 
group (LP) and 791 in a high academic performance (HP) group, they found that fre
quent and loud snoring during early childhood was reported in 103 LP children (12.9%) 
compared with 40 HP children (5.1%). Therefore, children with lower academic per
formance in middle school are more likely to have snored during early childhood and to 
require surgery for snoring compared with better performing schoolmates. These find
ings suggest that children who experienced sleep-disordered breathing during a period 
traditionally associated with major brain growth and substantia l acquisition of cognitive 
and intellectual capabilities may suffer from a partially irreversible compromise of their 
a priori potential for academic achievement. Three major components that result from 
the intermittent upper a irway obstruction that occurs during sleep in children could the
oretically contribute to such neurocognitive deficits, namely episodic hypoxia, repeated 
arousal leading to sleep fragmentation and sleep deprivation, and periodic or continuous 
a lveolar hypoventilation. 

Schooling problems may underlie more extensive behavioural disturbances such as rest
lessness, aggressive behaviour, EDS and poor neurocognitive test performances. Nearly 
20-30% of children affected by OSAS or loud and frequent snoring show important 
signs of behavioural problems such as inattention and hyperactivity. Problems similar to 
symptoms of ADHD are linked to the presence of repeated sleep arousals, and intermit
tent hypoxic events, inducing a lack of behavioural inhibition with negative implications 
for working memory, motor control and self-regulation of motivation and affect. 

In contrast with these data, Engle-Friedman et al. (2003) recently found a significant 
improvement of functions, at least in mild to moderate OSAS, when measured several 
months following an adenotonsillcctomy, but they confirmed that their results could not 
rule out the possibility, even after treatment, of partial irreversible damage to academic 
function that may be detected only later in life. In addition, they stated that adults who 
also had deficits of neurocognitive executive functions related to the prefrontal area 
failed to improve significantly after treatment. 

The negative long-term effects may be mediated by the irreversible alteration of the pre
frontal cortex (PFC) and be related to structural changes of the brain as a consequence 
of both hypoxaemia and sleep fragmentation induced by OSAS or other pathologies 
affecting sleep. 

In a recent report concerning OSAS adults, Macey et al. (2002) demonstrated grey mat
ter loss in cerebral sites involved in motor regulation of the upper airway as well as in 
areas contributing to cognitive function (frontal and parieta l cortex, temporal lobe, ante
rior cingulate, hippocampus and cerebellum). It can be argued that, in critical stages of 
brain development (that is, in childhood), these effects can lead to even more severe con
sequences, which could explain the negative long-term effects. 

It is speculative to think that the remodelling of the brain could also be mediated by sleep 
and, therefore, sleep fragmentation could affect the process of brain plasticity (that is, the 
capacity of the brain to modify its structure and funct ion over time). Recent studies show-
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ing experience-dependent gene-expression of gene zif-268 during paradoxical sleep in rars 
exposed ro a rich sensorimotor environmenr, and the role of sleep in enhancing the remod
elling of ocular dominance in the developing visual cortex are also in line with the hypoth
esis that sleep affects neuronal plasticity and memory processes (Peigneux et al., 2001 ). 

2.3.1.7 Neurobehavioural manifestations 
Behavioural disturbances are common in children with SRODB, with higher prevalence 
rates of both internalized (for instance being withdrawn, shy, anxious and psychosomat
ic) and externalized (for instance impulsiviry, hyperactiviry, aggression and delinquency) 
problematic behaviours (Blunden, Lushington and Kennedy, 2001). The most frequent
ly documented problematic behaviour in children with SROBD is attention deficit 
hyperactiviry with a prevalence rate of 20-40% (Weissbluth et al., 1983; Ali, Pitson and 
Stradling, 1993). Conversely, children with ADHD showed a high prevalence rate of 
snoring (Chervin et al., 1997) and a co-diagnosis of ADHD has been reported in 8-12% 
of children with OSAS (O'Brien and Gozal, 2002). 

A few studies have documented that children with sleep disorders tend to have 
behavioural problems similar to those observed in children with ADHD. A survey of 
782 children documented daytime sleepiness, hyperactivity, and aggressive behav
iour in children who snored, with 27% and 38% of children at high risk for a sleep 
or breathing disorder displaying clinically significant levels of inattention and hyper
active behaviour, respectively (Ali, Pitson and Stradling, 1994 ). 

Ar 3 years of age children with persistent sleep problems (n = 308) were more like
ly to have behaviour problems, especially tantrums and behaviour management 
problems (Zuckerman, Stevenson and Bailey, 1987). 

In a study of 16 children with a mean age of 12+/-4 years suffering from chronic pain 
due to juvenile rheumatoid arthritis and secondary poor sleep, polysomnographic 
recordings showed poorer night-time sleep, longer afternoon naptime and more day
time sleepiness than normal values from the literature (Zamir et al., 1998). In a 
school survey of children aged 9- 12 years (n = 1000), those with poor sleep (insom
nia for more than 6 months) had poorer school performance, defined as failure to 
comply with expected grades, than good sleepers. Their learning problems were ten
tatively attributed to the long-term effect of poor sleep (Kahn et al., 1989). 

A questionnaire administered to children aged 4-12 years (n = 472) showed a rela
tion between sleep problems and tiredness during the day (Stein et al., 2001 ). 

In chi ldren aged 9- 12 years (n = 77), shortening sleep by one hour was associated 
with reduced alertness and significant lowering of neurobehavioural functioning 
(Sadeh, Gruber and Raviv, 2003). In school-age children (n = 140) recorded at home 
with an actigraph, a significant relation was shown between the presences of frag
mented sleep, daytime sleepiness and lower performance in neurobehavioural func
tioning evaluated by various performance tests (Sadeh, Gruber and Raviv, 2000). 
These children also had higher rates of behavioural problems, as reported by their 
parents (Sadeh, Gruber and Raviv, 2002). 

In Finland, children aged 7-12 years (n = 49) were interviewed together with their 
parents and schoolteachers and recorded for 72 hours with a belt-worn activity mon
itor during weekdays. The decreased amount of sleep was associated with symptoms 
such as aggressive and delinquent behaviour, attention, social and somatic problems. 
The findings of this research were better associated with the teachers' than the par-
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ents' reports, suggesting that parents may be unaware of their child's sleep deficien
cies as the behavioural problems may be more evident at school than at home 
(Aronen et al. , 2000). 

A prospective long-term study conducted in Sweden on 2518 children revealed that with
in a subgroup of 27 children with severe and chronic sleep problems, 7 children developed 
symptoms that met the criteria for ADHD by the age of 5.5 years (Thunstrom, 2002). 
Compared to the other children with sleep problems, these subjects had more frequent 
psychosocial problems in the family, bedtime struggles and long sleep latency at bedtime. 

A population-based, cross-sectional questionnaire survey was conducted in 
Massachusetts on 30 195 children aged 5 years (Gottlieb et al., 2003). Children 
described by their parents as having sleep-disordered breathing (snoring, noisy 
breathing, apnoea) were significantly more likely to have daytime sleepiness and 
problem behaviours, including hyperactivity, inattention and aggressiveness (all with 
an odds ratio >2.0). These problem behaviours were suggestive of ADHD. 

Similar findings were found in a group of children aged 5-7 years with periodic limb 
movement disorder who were studied polygraphically and their recording compared 
with those of age-matched children with ADHD. Their repeated sleep fragmentation 
resulting from the periodic limb movement disorder favoured the development of 
symptoms similar to those seen in ADHD (Crabtree et al., 2003). 

The parents of a group of children with an average age of 8.6 years (range 2-17 
years) reported that their children had difficult behaviours on the day that followed 
a 4-hour night-time sleep restriction (Wassmer et al., 1999). In one study, a 2-hour 
sleep reduction induced by delayed bedtime has been shown to increase daytime 
sleepiness, mainly during morning hours (Ishihara and Miyke, 1998; Ishihara, 
1999). 

Following one night of 4 hours of sleep deprivation imposed on children (aged 
11-13 years), a decrease in performance tests has been observed (Carskadon, Harvey 
and Dement, 1981a). 

Following one night's sleep loss, adolescents showed increased sleepiness, fatigue 
and reaction time. They selected less difficult academic tasks during a set of rests, but 
the percentages of correct responses were comparable to those seen following a nor
mal night's sleep (Engle-Friedman et al., 2003). 

Another study has been conducted on 82 children, aged 8-15 years. They were 
assigned an optimized, 10-hour night of sleep, or a restricted 4-hour night of sleep. 
Sleep restriction was associated with shorter daytime sleep latency, increased subjec
tive sleepiness, and increased sleepy and inattentive behaviours, but was not associ
ated with increased hyperactive-impulsive behaviour or impaired performance m 
tests of response inhibition and sustained arrention (Fallone et al., 2001 ). 

2.3.1.8 Mental health 
A recent longitudinal study on the outcomes of early li fe sleep problems and their 
relation to behaviour problems in early childhood stressed the importance of study
ing the natura l history of sleep problems and their consequences in order to identify 
whether persistent o r recurrent sleep problems at age 3-4 years are associated with 
co-morbidities such as child behaviour problems, maternal depression and poor fam
ily functioning (Peiyoong, Hiscock and Wake, 2003). 
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The authors found that night waking at 3-4 years of age continued to be common. 
Seventy eight percent of mothers reported that their child awoke during the night at 
least on..:e during the week, and of these waking ..:hildren, 43% were reported to 
have awakenings 4 or more nights per week. Children with early sleep problems had 
significantly higher mean scores on interna lizing and externalizing behaviour and the 
aggressive behaviour and somati..: problems subs..:ales of the Child Behavior 
Checklist (CBCL). 

It has been noted that within groups of children and adolescents with psychiatric, 
behavioural or emotional problems, ra tes of sleep disorders are elevated (Sadeh et 
al. , 1995). On the o ther hand, children and adolescents with disturbed sleep report 
more depression, anxiety, irritability, fearfulness, anger, tenseness, emotional insta
bility, inattention and conduct problems, drug use and alcohol use. 

Only a few longitudinal studies in adoles..:ents have evaluated the impact of insom
nia on future functioning. In a large sample of 11-17-year-old adolescents, followed 
for one year, using symptoms of DSM-IV criteria for insomnia, Roberts, Roberts and 
Chen (2002) found that nearly 18 % of the youths 11-17 years of age reported non
restorative sleep almost every day in the past month, over 6% reported difficulty in 
initiating sleep, over 5% waking up frequently during the night, another 3% had 
early-morning awakening almost every day, over 7% reported daytime fatigue and 
5% daytime sleepiness. Combining "often" and "almost every day" response cate
gories dramatically increases prevalence, ranging from 60% for non-restorative sleep 
to 23% for daytime fatigue and 12% for waking up at night with difficulty going 
back to sleep. The re-evaluation of the sample at follow-up showed that insomnia 
predicted two indicators of psychological functioning: self-esteem and symptoms of 
depression (Roberts, Roberts and Chen, 2002). 

2.3.1.9 Growth impairment 
Failure to thrive is a well-known complication of disturbed sleep and chi ldhood 
OSAS. The cause of poor growth is not known, although many different reasons 
have been implicated: (a) poor caloric intake associated with adenotonsi llar hyper
trophy; (b) excessive caloric expenditure secondary to increased work of breathing; 
(c) abnormal growth hormone (GH) release secondary to loss of deep non-REM 
sleep. The relative roles of these factors are unclear (M arcus et al., 1994; ATS, 
1999). Circulating ..:oncentrations of insulin-like growth factor-I (IGF-I) and IGF
binding protein 3 (IGFBP-3) reflect mean daily GH levels, and seem to correlate well 
with physiological changes in GH secretion. In the operated children with initial 
OSAS a highly significant reduction in the apnoea-hypopnea index (AHI) was found 
and both the IGF-1 and the IGFBP-3 concentrations increased significantly. GH is 
released in a pulsatile fashion; the initial secretion is synchronized with the onset of 
SWS and strongly correlated with slow-wave activity, within 90 to 120 minutes from 
the onset of sleep (Nieminen et al., 2002). In OSAS children, the sleep architecture 
is relatively well-preserved, but the microstructural alteration of SWS due to micro
arousals induced by respiratory disturbance could play a role in the abnormal pro
file of GH secretion. 

2.3.1.10 Cardiovascular complications 
Children with OSAS had a significantly higher diastolic blood pressure (BP) than 
those with primary snoring. Multiple linear regression showed that BP could be pre
dicted by apnoea index, body mass index and age. The aetiology of OSAS-related 
hypertension is thought to be due to a number of factors, particularly sympathetic 
nervous system activation secondary to arousal and, to a lesser degree, hypoxaemia. 
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Although cortical arousals at the termination of obstructive apnoeas are less com
mon in children than in adults, children may manifest signs of subcortical arousal, 
including autonomic changes such as tachycardia. It is therefore possible that these 
subcortical arousals are associated with elevations of BP. A correlation between the 
frequency of obstructive apnoea and BP, but no correlation between SaO2 (arterial 
oxygen saturation) and BP was found, suggesting that respiratory-related subcorti
cal arousals rather than hypoxaemia may be a major determinant of BP elevation in 
children (Marcus, Greene and Carroll, 1998). Simi larly to BP variations induced by 
OSAS, other studies suggest that chronic exposure to environmental noise during 
sleep could contribute to a permanent increases in BP in otherwise healthy individu
als and that no habituation to noise was apparent over three consecutive sleep ses
sions (Carter et a l., 2002). This is further elaborated in Chapter 4 , section 4.5. 

2.3. 1.11 Risk of accidents 
Only one study was found that evaluated the association between sleep and duration of 
wakefulness and childhood unintentional injury (Valent, Brusaferro and Barbone, 2001 ). 

Two hundred and ninety-two injured children who attended the Children 's 
Emergency Centre in Udine, Italy, or their parents were interviewed following a 
structured questionnaire. The sleeping time and wakefulness of the child was 
assessed retrospectively for each of the 48 hours before injury. For each child, the 
authors compared the 24 hours immediately before the injury (hours 1- 24; case peri
od) with hours 25-48 (control period). 

Overall , more children had longer hours of sleep during the control period than dur
ing the case period. A di rect association between injury risk and sleeping less tha n 
10 hours was found among boys (RR: 2.33; 95% Cl: 1.07- 5.09) but not among girls 
(RR: 1.00; 95% CI: .29-3.45). The study also found a direct association between 
injury occurring between 16.00 and midnight, and being awake for at least 8 hours 
before injury occurred (both sexes, RR: 4.00; 95 % Cl: 1.13- 14.17). Sleeping less 
than 10 hours a day was associated with an 86% increase in injury risk. A signifi 
cantly increased risk d id not emerge in all subgroups of patients but it was evident 
among children aged 3- 5 years, boys in particular. A fourfold increase in injury risk 
was also associated with being awake for at least 8 hours among males only. T hese 
findings demonstrated that inadequate sleep duration and lack of daytime naps are 
transient exposures that may increase the risk of injury among children. Results of a 
study on sleep disturbance and injury risk in young children show inadequate sleep 
duration and lack of daytime naps. A lack of daytime naps means tra nsient expo
sures that may increase the risk of injury among children. Among child ren (boys in 
particular ) aged 3- 5 years, sleeping less than 10 hours a day was associated with an 
86% increase in injury risk. A fourfold increase in injury risk was also associated 
with being awake for at least 8 hours. 

Daytime sleepiness in children is often ma nifested by externalizing behaviours noted 
by parents or teachers, such as increased activity levels, aggression, impulsivity, as 
well as by poor concentration, instantiation irritability and moodiness (Fallone, 
Owens and Deane, 2002). 

Analysing attendance at school, data show that accidents took place at school 
(25.6%) and at home (22.0%), and statistics show that there is a highly significant 
greater total accident rate among boys than among girls. The most frequent injuries 
happening at school are fractures and dislocation of joints, head injuries being more 
common among school injuries compared with spare-time injuries. Most injuries 
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occurred when children were in sports areas and it is noteworthy that 25% of all 
injuries were caused through intentional violence by other pupils. 

2.3.1.12 Use of sleeping pills 
Several studies demonstrated that the use of sleeping pills is common among children 
and that paediatricians are prone to prescribe these medications. Twenty-five percent 
of firstborn infants had been given "sedatives" by 18 months (Ounsted and 
Hendrick, 1977). A research study into parental reports of 11 000 preschool chil
dren showed that 12% took psychoactive drugs, most commonly for sleep: 39% 
daily and 60% intermittently for 1-2 years (Kopferschmitt et al. , 1992). Another 
study (Trott et al. , 1995) revealed that 35% of prescriptions for children less than a 
year old were for sleep disturbances and that sleep disturbances were also the most 
common reason for prescribing medications to preschool children (23 % ). Two 
French surveys on adolescents showed that 10-12% of the respondents reported use 
of prescription or over-the-counter drugs for sleep disturbances (Patois, Valatz and 
Alperovitch, 1993; Ledoux, Choquet and Manfredi, 1994). Recently it has been 
reported that of 671 community-based United States paediatricians, 75% had rec
ommended over-the-counter and 50% prescription medicines for insomnia during 
the past 6 months (Owens, Rosen and Mindell, 2003). In addition, an Italian survey 
showed that pharmacological treatment for sleep problems was prescribed during 
the past 6 months by 58.54% of paediatricians and by 61.21 % of child neuropsy
chiatrists (Bruni et al., 2004). 

2.3.2 BASIC INDIVIDUAL FACTORS: GENDER AND AGE 

Gender shows itself to be an important predictor of disturbed sleep in virtually all 
epidemiological studies (Karacan et al., 1976; Bixler, Kales and Soldatos, 1979; 
Ancoli-Israel and Roth, 1999; Leger et al., 2000; Sateia et al. , 2000). On the other 
hand, there does not seem to be much of a difference in polysomnographical param
eters between males and fema les, except for the former losing SWS with increasing 
age and having slightly reduced sleep efficiency also with increasing age (Williams, 
Karacan and Hursch, 1974; Hume, Van and Watson, 1998). Ehlers and Kupfer 
(1997) timed the start of differences between genders to between 20 and 40 years. 
Spectral analysis also indicates slightly larger amounts of low frequency activity in 
females (Dijk, Beersma and Bloem, 1989; Dijk, Beersma and Van den Hofdakker, 
1989). In addition, men seem to run a higher risk of morbidity and mortality relat
ed to sleep problems than women (Nilsson et al. 2001). The inconsistency between 
polysomnography and subjective measures has not been resolved but it may be 
important that most polysomnographical studies have controlled for anxiety and 
depression. Thus, it is conceivable that the higher level of subjective complaints in 
women reflects a higher prevalence of anxiety. The latter is a speculation, however. 
A confounding factor in gender comparisons is that phases in female biological 
cycles are also usually controlled for in polysomnographical studies, meaning that 
potential effects of, for example, menstruation, may not receive their proper weight. 
A recent review has gone through the literature in this area (Moline et al., 2003). It 
found that the luteal phase of the menstrual cycle is associated with subjective sleep 
problems, but polysomnographical studies have not supported this. Pregnancy 
affects sleep negatively as early as in the first trimester and the effects mainly involve 
awakenings and difficulties getting back to sleep. Napping is a frequent coping 
method. The post-partum period is often associated with severe sleep disruption, 
mainly due to feeding and comforting the infant. There seems to be some relation 
between sleep disruption and post-partum mood, bur nothing is known about the 
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causal relations. Menopause seems to involve disrupted sleep in relation to hot flush
es, depression/anxiety and sleep-disordered breathing. Oestrogen is associated with 
improved sleep quality but it is not dear whether the effects are due to a reduction 
of hot flushes. Oestrogen also improves sleep-disordered breathing. 

With respect to background factors, age is an established predictor of disturbed sleep 
(Karacan et al., 1976; Bixler, Kales and Soldatos, 1979; Ancoli-Israel and Roth, 
1999; Ribet and Derriennic, 1999; Leger et al., 2000; Sateia et al., 2000). 
Interestingly, however, older age may be related to a lower risk of impaired awaken
ing (Akerstedt et al., 2002c), that is, in this study it was easier to wake up and one 
felt better rested with increasing age, while at the same time sleep quality was lower. 
The increased risk of disturbed sleep is consistent with the increasingly strong inter
ference of the circadian morning upswing of the metabolism with increasing age 
(Dijk and Duffy, 1999). Thus sleep maintenance is impaired and when sleep is inter
rupted "spontaneously", the awakening is, by definition, easily accomplished and 
will be lacking in inertia. This ease of awakening may be interpreted as "being well
rested", and obviously the need for sleep is not great enough to prevent an effortless 
transition into wakefulness. 

In addition, sleep homeostasis seems to be weakened with age in the sense that sleep 
becomes more fragmented and SWS or power density in the delta bands decrease 
(Williams, Karacan and Hursch, 1974; Bliwise, 1993; Dijk et al., 1999). As men
tioned above, the effects are more pronounced in males, a fact that may be linked to 
reduced levels of growth hormone and testosterone. 

2.3.3 PERSONS EXPOSED TO STRESSORS AS A RISK GROUP 

A number of epidemiological studies point to a strong link between stress and sleep 
(Akerstedt, 1987; Urponen et al., 1988; Ancoli-Israel and Roth, 1999). In fact, stress 
is considered the primary cause of persistent psychophysiological insomnia (Morin, 
Rodrigue and Ivers, 2003). That stress can affect proper sleep seems obvious, but 
Vgontzas et al. (2001) at Pennsylvania State University College of Medicine have 
found another reason why middle-aged men may be losing sleep. It is not just 
because of what they worry about; rather, it is due to "increased vulnerability of 
sleep to stress hormones". 

As men age, it appears they become more sensitive to the stimulating effects of cor
ticotropin-releasing hormones (CRH). When both young and middle-aged men were 
administered CRH, the older men remained awake longer and slept less deeply. 
(People who don't get enough of this "slow-wave" sleep may be more prone to 
depression.) 

The increased prevalence of insomnia in middle age may, in fact, be the resu lt of 
deteriorating sleep mechanisms associated with increased sensitivity to arousal-pro
ducing stress hormones, such as CRH and cortisol. In another study, the researchers 
compared patients with insomnia to those without sleep disturbances. They found 
that "insomniacs with the highest degree of sleep disturbance secreted the high
est amount of cortisol, particularly in the evening and night-time hours", suggest
ing that chronic insomnia is a disorder of sustained hyperarousal of the body's 
stress response system. Also, recent epidemiological studies have shown a connec
tion between disturbed sleep and later occurrence of stress-related disorders such 
as cardiovascular diseases (Parish and Shepard, 1990; Nilsson et al., 2001; 
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Leineweber et al., 2003) and diabetes type II (Nilsson et a l., 2002). The mecha
nism has not been identified but both lipid and glucose metabolisms are impaired 
in relation to experimentally re<luced sleep (Akerstedt and Nilsson, 2003). 
Burnout is another result of long-term stress and a growing health problem in 
many industrialized countries (Weber and Jaekel-Reinhard, 2000). In Sweden, 
burnout is thought to account for most of the doubling of long-term sickness 
absence since the mid-1990s (RFV, 2003). The cha racteristic clinical symptoms of 
the condition are excessive and persistent fatigue, emotional distress and cogni
tive dysfunction (Kushnir and Melamed, 1992; Melamed, Kushnir and Sharom, 
1992). Self-reports of disturbed sleep are pronounced in subjects scoring high on 
burnout (Melamed et al., 1999; Grossi et al., 2003). Since shortened and frag
mented sleep is related to daytime sleepiness and impaired cogni tive performance 
(Bonnet, 1985, 1986a, 19866; Dinges et al., 1997; Gillberg and Akerstedt, 1998; 
Akerstedt, 1990), disturbed sleep might provide an important link between the 
state of chronic stress and the complaints of fatigue and cognitive dysfunction 
seen in burnout. 

Partinen, Eskelinen and Tuomi (1984) investigated several occupational groups and 
found disturbed sleep to be most common among manual workers and much less so 
among physicians or managing directors. Geroldi et al. (1996) found in a retrospec
tive study of older individuals (above the age of 75) that former white-.:ollar work
ers reported better sleep than blue-collar workers. Kupperman et al. (1995) report
ed fewer sleep problems in subjects satisfied with work. 

In what seems to be the most detailed study so far, Ribet and Derriennic (1999) stud
ied more than 21 000 subjects in France, using a sleep disturbance index and logis
tic regression analysis. They found that shift work, a long working week, exposure 
to vibrations, and "having to hurry" appeared to be the main risk factors, control
ling for age and gender. Disturbed sleep was more frequent in women (Karacan et 
al., 1976; Bixler, Kales and Soldatos, 1979; Ancoli-Israel and Roth, 1999) and in 
higher age groups. 

The partirnlar stressor linked to disturbed sleep may be linked to pressure of work 
(Urponen et al. , 1988; Ancoli-lsrael and Roth, 1999; Ribet and Derriennic, 1999; Aker
stedt et al., 20026). The demands of work are a classical work stress factor and, when 
combined with low decision latitude, a relation has been shown to cardiovascular dis
eases (Theorell et al., 1998) and absenteeism (North et al., 1996). Interestingly, when 
"persistent thoughts about work" was added to the regression in the study by Akerstedt 
et al. (20026) this variable took over part of the role of work demands as a predictor. 
This suggests that it may not be work demands per se that are important, but rather their 
effect on unwinding after work. In two studies it has been demonstrated that even mod
erate worries about being woken during the night or having a negative feeling about the 
next day will affect sleep negatively, mainly reducing SWS (Torsvall and Akerstedt, 1988; 
Kecklund and Akerstedt, 1997). On the other hand, there is very little data to connect 
real life stress with polysomnographical indicators of disturbed sleep. Most studies have 
used rather innocuous and artificial strcssors in a laboratory environment. Field studies 
of stress are virtually lacking, with some exceptions (Hall et al. , 2000). 

A lack of social support at work is a risk indicator for disturbed sleep (Akerstedt 
et al., 20026). Few previous data of this type have been found, but poor (general) 
social support has been associate<l with sleep complaints in Vietnam veterans 
(Fabsitz, Sholinsky a nd Goldberg, 1997). On the other hand, there are several 
studies indicating a close connection with poor social support fo r, for example, 
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cardiovascular diseases (Arnetz et al., 1986) or muscle pain (Ahlberg-Hulten, 
Theorell and Sigala, 1995). 

Interestingly, the metabolic changes seen after sleep curtailment in normal sleepers 
or in insomniacs and sleep apnoeics are similar to those seen in connection with 
stress. That is, lipid and glucose metabolisms are increased, as are cortisol levels 
(Spiegel, Leproult and van Cauter, 1999; Vgontzas et al., 2000, 2001). Together with 
the prospective links to stress-related diseases such as diabetes type II, to cardiovas
cular diseases as discussed above and with mortality (Kripke et al., 1979, 2002; 
Akerstedt et al. , 2002a; Dew et al., 2003), the findings could suggest that disturbed 
sleep may be an important mediator in the development of stress-related diseases. 

2.3.4 SHIFT WORK AS A RISK FACTOR FOR SLEEP 
DISTURBANCE AND HEALTH EFFECTS 

The dominating health problem reported by shift workers is disturbed sleep and 
wakefulness. At least three quarters of the shift working population is affected 
(Akerstedt, 1988). When comparing individuals with a very negative attitude to shift 
work with those with a very positive one, the strongest discriminator seems to be the 
ability to obtain sufficient quality of sleep during the daytime (Axelsson et al. , 2004). 
EEG studies of rotating shift workers and similar groups have shown that day sleep 
is 1-4 hours shorter than night sleep (Foret and Lantin, 1972; Foret and Benoit, 
1974; Matsumoto, 1978; Tilley, Wilkinson and Drud, 1981; Torsvall et al., 1989; 
Mitler et al. , 1997). The shorter time is due to the fact that sleep is terminated after 
only 4-6 hours without the individual being able to return to sleep. The sleep loss is 
primarily taken out of stage 2 sleep and stage REM sleep (dream sleep). Stages 3 and 
4 ("deep" sleep) do not seem to be affected. Furthermore, the time taken to fa ll 
asleep (sleep latency) is usually shorter. Night sleep before a morning shift is also 
reduced but the termination is through artificial means and the awakening usually 
difficult and unpleasant (Dahlgren, 1981a; Tilley et al., 1982; Akerstedt, Kecklund 
and Knutsson, 1991; Kecklund, 1996). 

Interestingly, day sleep does not seem to improve much across a series of night shifts 
(Foret and Benoit, 1978; Dahlgren, 1981 b). It appears, however, that night workers 
sleep slightly better (longer} than rotating workers on the night shift (Kripke, Cook 
and Lewis, 1971; Bryden and Holdstock, 1973; Tepas et al., 1981). The long-term 
effects of shift work on sleep are rather poorly understood. However, Dumont, 
Momplaisir and Infante-Rivard (1988) found that the amount of sleep/wake and 
related disturbances in present day workers were positively related to their previous 
experience of night work. Guilleminault et al. (1982a} found an over-representation 
of former shift workers with different dinical sleep/wake disturbances appearing at 
a sleep clinic. Recently, we have shown that in pairs of twins with different night 
work exposure, the exposed twin reports somewhat deteriorated sleep quality and 
health after retirement (lngre and Akerstedt, 2004). 

The main reason for short daytime sleep is the influence exerted by the circadian 
rhythm. The more sleep is postponed from the evening towards noon next day, the 
more truncated it becomes and when noon is reached the trend reverts (Foret and 
Lantin, 1972; Akerstedt and Gillberg, 1981). Thus, sleep during the morning hours 
is strongly interfered with, despite the sizeable sleep loss that, logically, should 
enhance the ability to maintain sleep (Czeisler et al. , 1980). Also, homeostatic influ
ences control sleep. For example, the expected 4-5 hours of daytime sleep, after a 
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night spent awake, will be reduced to 2 hours if a normal night's sleep precedes it 
and to 3.5 hours if a 2-hour nap is allowed (Akerstedt and Gillberg, 1986). Thus, 
the time of sleep termination depends on the balance between the circadian and 
homeostatic influences. The circadian homeostatic regulation of sleep has also been 
demonstrated in great detail in studies of forced or spontaneous desynchronization 
under conditions of temporal isolation and ad lib sleeping hours (Czeisler et a l. , 
1980; Dijk and Czeisler, 1995). 

2.3.4.1 Alertness, performance and safety 
Night-oriented shift workers complain as much of fatigue and sleepiness as they do 
about disturbed sleep (Akerstedt, 1988). The sleepiness is particularly severe on the 
night shift, hardly appears at all on the afternoon shift and is intermediate on the morn
ing shift. The maximum is reached towards the early morning (05.00-07.00). 
Frequently, incidents of falling asleep occur during the night shift (Prokop and Prokop, 
1955; Kogi and Ohta, 1975; Coleman and Dement, 1986). At least two thirds of the 
respondents report that they have experienced involuntary sleep during night work. 

Ambulatory EEG recordings verify that incidents of actual sleep occur during night 
work in, for example, process operators (Torsvall et al. , 1989). Other groups, such 
as train drivers or truck drivers show clear signs of incidents of falling asleep while 
driving at night (Caille and Bassano, 1977; Torsvall and Akerstedt, 1987; Kecklund 
and Akerstedt, 1993). This occurs towards the second half of the night and appears 
as repeated bursts of alpha and theta EEG activity, together with closed eyes and 
slow undulating eye movements. As a rule the bursts are short (1-15 seconds) but 
frequent, and seem to reflect lapses in the effort to fend off sleep. Approximately a 
quarter of the subjects recorded show the EEG/EOG patterns of fighting with sleep. 
This is dearly a larger proportion than what is found in the subjective reports of 
episodes of falling asleep. 

As may be expected, sleepiness on the night shift is reflected in performance. One of 
the classics in this area is the study by Bjerner, Holm and Swensson (1955) who 
showed that errors in meter readings over a period of 20 years in a gas works had a 
pronounced peak on the night shift. There was also a secondary peak during the 
afternoons. Similarly, Brown (1949) demonstrated that telephone operators connect
ed calls considerably slower at night. Hildebrandt, Rohmert and Rutenfranz (1974) 
found that train drivers failed to operate their alerting safety device more often at 
night than during the day. Most other studies of performance have used laboratory 
type tests and demonstrated, for example, reduced reaction time or poorer mental 
arithmetic on the night shift (Tepas et al., 1981; Tilley et al. , 1982). Flight simula
tion studies have furthermore shown that the ability to "fly" a simulator (Klein, 
Bruner and Holtman, 1970), or to carry out a performance test (Dawson and Reid, 
1997) at night may decrease to a level corresponding to that after moderate alcohol 
consumption (>0.05% blood alcohol) Interestingly, Wilkinson et al. (1989) demon
strated that reaction time performance on the night shift (nurses) was better in per
manent than rotating shift workers. 

If sleepiness is severe enough, interaction with the environment will cease and if this 
coincides with a critical need for action an accident may ensue. Such potential per
formance lapses due to night work sleepiness were seen in several of the train driv
ers discussed earlier (Torsvall and Akerstedt, 1987). The transport area is where 
most of the available accident data on night shift sleepiness has been obtained 
(Lauber and Kayten, 1988). Thus, Harris (1977) and Hamelin (1987) demonstrated 
that single vehicle accidents have by far the greatest probability of occurring at night. 
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So do fatigue-related accidents (Reyner and Horne, 1995) but also most other types 
of accidents, for example head-on collisions and rear-end collisions (Akerstedt, 
Kecklund and Horte, 2001 ). The National Transportation Safety Board ranks 
fatigue as one of the major causes of heavy vehicle accidents (NTSB, 1995). 

For conventional industrial operations very little relevant data is available but fatal 
work accidents show a higher risk in shift workers (Akerstedt et al., 2002a) and acci
dents in the automotive industry may exhibit night shift effects (Smith, Folkard and 
Poole, 1994). An interesting analysis has been put forward by the Association of 
Professional Sleep Societies' Committee on Catastrophes, Sleep and Public Policy 
(Mitler et al., 1988). Their consensus report notes that the nuclear plant meltdown at 
Chernobyl occurred at 01.35 and was due to human error (apparently related to work 
scheduling). Similarly, the Three Mile Island reactor accident occurred between 04.00 
and 06.00 and was due not only to the stuck valve that caused a loss of coolant water 
but, more importantly, to the fa ilure to recognize this event, leading to the near melt
down of the reactor. Similar incidents, although with the ultimate stage being prevent
ed, occurred in 1985 at the Davis Besse reactor in Ohio and at the Rancho Seco reac
tor in California. Finally, the committee also states that the NASA Challenger space 
shuttle disaster stemmed from errors in judgement made in the early morning hours by 
people who had had insufficient sleep (through partial night work) for days prior to 
the launch. Still, there is very limited support for the notion that shift work outside the 
transport area actually carries a higher overall accident risk. 

As with sleep, the two main factors behind sleepiness and performance impairment 
are circadian and homeostatic factors. Their effects may be difficult to separate in 
field studies but are clearly discernible in la boratory sleep deprivation studies 
(Froberg et al. , 1975) as well as in studies of forced desynchronization (Dijk, Duffy 
and Czeisler, 1992). Alertness falls rapidly after awakening but gradually levels out 
as wakefulness is extended. The circadian influence appears as a sine-shaped super
imposition upon this exponential fall in alertness. Space does not permit a discussion 
of the derivation of these functions, but the reader is referred to Folkard and Aker
stedt (1991) in which the "three-process model of alertness regulation" is described. 
This model has been turned into computer software for predicting alertness and per
formance and to some extent accident risk. 

2.3.4.2 Health effects 
Gastrointestinal complaints are more common among night shift workers than 
among day workers. A review of a number of reports covering 34 047 persons with 
day or shift work found that ulcers occurred in 0.3-0. 7% of day workers, in 5% of 
people with morning and afternoon shifts, in 2.515% of persons with rotating shift 
systems with night shifts, and in 10-30% of ex-shift workers (Angersbach et al., 
1980). Several other studies have come to similar conclusions (Thiis-Evensen, 1958; 
Segawa et al. , 1987; Harrington, 1994). Other gastrointestinal disorders, including 
gastritis, duodenitis and dysfunction of the digestive system are more common in 
shift workers than in day workers (Koller, 1983). 

The pathophysiologic mechanism underlying gastrointestinal disease in shift work
ers is unclear, but one possible explanation is that intestinal enzymes and intestinal 
mobility are not synchronized with the sleep/wake pattern. Intestinal enzymes are 
secreted according to the circadian rhythm, and shift workers' intake of food is irreg
ular compared with intestinal function (Suda and Saito, 1979; Smith, Colligan and 
Tasto, 1982). A high nightly intake of food may be related to increased lipid levels 
(Lennernas, Akerstedt and Hambraeus, 1994) and eating at the circadian low point 
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may be associated with altered metabolic responses (Hampton et al., 1996). In addi
tion, reduced sleep affects lipid and glucose metabolism (Spiegel, Leproult and van 
Cauter, 1999). 

A number of studies have reported a higher incidence of cardiovascular disease, espe
cially coronary heart disease, in male shift workers than in men who work days (for 
review see Kristensen, 1989; Boggild and Knutsson, 1999). A study of 504 paper 
mill workers followed for 15 years found a dose-response relationship between 
years of shift work and incidence of coronary heart disease in the exposure interval 
1-20 years of shift work (Knutsson et al. , 1986). A study of 79 000 female nurses in 
the United States gave similar results (Kawachi et al., 1995) as did a study with more 
than 1 million Danish men (Tiichsen, 1993) and a cohort of Finnish workers 
(Tenkanen et al.,1997). As with gastrointestinal disease, a high prevalence of smok
ing among shift workers might contribute to the increased risk of coronary heart dis
ease, but smoking alone cannot explain the observed excess risk (Knutsson, 19896). 
Another possibility is disturbances of metabolic parameters such as lipids and glu
cose for which there is some support as discussed above. 

Only a few studies have addressed the issue of pregnancy outcome in shift workers. 
In one study of laboratory employees, shift work during pregnancy was related to a 
significantly increased risk of miscarriage (RR: 3.2) (Axelsson, Lutz and Rylander, 
1984). Another study of hospital employees also demonstrated an increased risk of 
miscarriage (RR: 1.44, 95% CI: 0.83-2.51) (Axelsson and Rylander, 1989). Lower 
birth weight in infants of mothers who worked irregular hours has been reported 
(Axelsson and Rylander, 1989; Nurminen, 1989). No teratogenic risk associated 
with shift work was reported (Nurminen, 1989). 

The mortality of shift and day workers was researched by Taylor and Pocock (1972), 
who studied 8603 male manual workers in England and Wales between 1956 and 
1968. Day, shift, and ex-shift workers were compared with national figures. The 
Standardized Mortality Ratio (SMR) can be calculated from observed and expected 
deaths reported in the paper. SMRs for deaths from all causes were 97, 101 and 119 
for day, shift, and ex-shift workers respectively. Although the figures might indicate 
an increasing trend, the differences were not statistically significant. However, the 
reported SMR close to 100 is remarkable because the reference population was the 
general male population. Most mortality studies concerned with occupational 
cohorts reveal SMRs lower than 100, implying a healthy workers' effect 
(Harrington, 1978). The same study showed a significantly increased incidence of 
neoplastic disease in shift workers (SMR 116). A Danish study of 6000 shift work
ers failed to demonstrate any excess mortality in shift workers (Boggild et al., 1999). 
Not much evidence exists on the connection between shift work and cancer. The 
mortality study by Taylor and Pocock (1972) reported an increased incidence of neo
plasms in shift workers compared with the general population. A recent Danish 
case- control study reported an increased risk of breast cancer among 30-45-year-old 
women who worked mainly nights (Hansen, 2001). Among 75 000 nurses those 
with more than 15 years of night work showed an increased risk of colorectal can
cer (Schernhammer et al., 2003). If the results are confirmed, a possible mechanism 
may be the low levels of the hormone melatonin, due to light exposure during the 
night with a subsequent suppression of melatonin. 

Very few studies are available but Koller, Kundi and Cervinka (1978) found a 
prevalence of endocrine and metabolic disease of 3.5% in shift workers and 1.5% 
in day workers. Kawachi et al. (1995) found in a prospective study of shift work-
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ers that the age-standardized prevalence was 5.6% at 15 years of shift work expe
rience compared with 3.5% for no exposure. Nagaya et al. (2002) found that 
markers of insulin resistance were more frequent in shift workers above the age 
of 50 than in day workers. Other indicators, such as body mass index, glucose 
levels and so forth, give a rather inconclusive impression as indicated in a review 
by Boggild and Knutsson (1999). 

Another contributing factor to gastrointestinal diseases might be t he association 
between shift work and smoking. A number of studies have reported that smok
ing is more common among shift workers (Angersbach et al., 1980; Knutsson, 
Akerstedt and J on sson, 1988). Studies concerned with alcohol consumption com
paring day workers and shift workers have produced conflicting results (Smith, 
Colligan and Tasto, 1982; Knutsson, 1989a; Romon, Nuttens and Fievet, 1992), 
probably due to local cultural habits. One study, which used g-glutamyltrans
ferase as a marker of alcohol intake, did not indicate that the shift workers had 
a higher intake of alcohol than the day workers (Knutsson, 1989a). 

Sickness absence is often used as a measure of occupational health risks. 
However, sickness leave is influenced by many irrelevant factors and cannot be 
considered as a reliable measure of true morbidity. Studies on sickness absence in 
day and shift workers have revealed conflicting results and there is no evidence 
that shift workers have more sickness absence than day workers (for review, see 
Harrington, 1978). 

2.3.4.3 Conclusion 
Shift work or similar arrangements of work hours clearly affects sleep and alertness 
and there is a moderate risk of cardiovascular and gastrointestinal disease. Other 
diseases such as cancer or diabetes may be related to shift _work but the evidence is 
as yet rather weak. 
The present review suggests that the risk of disturbed sleep increases with age but 
there also seems to be a recent stress-related increase in sleep disturbance in young 
adults. The long-term health consequences are not yet understood. 

The relation between gender and disturbed sleep is confusing. Females, as a rule, 
complain more of sleep problems, but do not exhibit a ny objective indications of 
more disturbed sleep, at least not among otherwise healthy women. With increas
ing age the sleep of males deteriorates whereas that of women is relatively well 
upheld. Pregnancy, however, is a period of increased risk of disturbed sleep, where
as the menstrual cycle and menopause show less evidence of sleep disturbance. 
Clearly there is a great need for longitudinal research on gender and sleep and, in 
particular, on the possible health consequences connected with pregnancy. 

Stress due to work or family seems to be one of the major causes of disturbed sleep. 
The link to the risk of insomnia is well-established, but reduced sleep in itself seems 
to yield the same physiological changes as stress. This suggests that several of the 
major civilization diseases in Europe and the United States (diabetes, cardiovascu
lar diseases and burnout) could be mediated via disturbed sleep. This link clearly 
warrants longitudinal studies with interventions. 

Shift workers consti tute a group that suffers from disturbed sleep for most of their 
occupational life. The reason is the interference of work hours with the normal tim
ing of sleep. This leads to an increased risk of accidents, directly due to excessive 
sleepiness, but also to cardiovascular and gastrointestinal diseases, although it is 
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not dear whether the latter effects are sleep related or due to circadian factors - or 
to a combination. Recent studies also suggest that breast cancer may result from 
shift work due to the effe<.:ts of light on melatonin seaetion. This still needs verifi
cation, however. Future research needs to identify countermeasures, the reasons for 
large individual differences in tolerance and the possible carcinogenic and other 
effects. 

The conclusions above should be seen against the profound effects of reduced or 
fragmented sleep on the neuroendocrine (including glucose and lipi<l regulation) 
and immune systems as well as the effects on mortality, diabetes and cardiovascu
lar disease. 

2.3.5 CONCLUSION 

Children, the elderly, pregnant women, people under stress and shift workers are 
vulnerable to (noise) disturbance of their sleep. 

2.4 ACCIDENTS RELATED TO SLEEP QUALITY 
As alrea<ly stated in the earlier section on cardiovascular complications, chil<lren 
with disturbed sleep present cognitive dysfunction and behavioural disturbances, 
abnormal growth hormone release, increase of diastolic BP and an increased risk of 
accidents and use of sleeping pills. 

Regarding sleep disturbance and accidents in adults, data show that 15-45% of all 
patients suffering from sleep apnoea, 12-30% of all patients suffering from nar
colepsy and 2-8% of all patients suffering from insomnia have at least one accident 
(in a lifetime) related to sleepiness (statistics from the Stanford Sleep Disorders 
Clinic). 

As already discussed in section 2.3.4, the biggest industrial catastrophes, such as the 
Three Mile Island, Bhopal, Chernobyl and Exxon Valdez disasters, have occurred 
during the night shift. The shift schedules, fatigue and sleepiness were cited as major 
contributing factors to each incident. 

The LARES study (Large Analysis and Review of European housing and health 
Status) is one of the few studies analysing this issue directly. The results show that 
the likelihood of home acci<lents is significantly greater when the indivi<lual is tire<l 
all the time or most the time and there is an association between sleep disturbance 
and accidents, with 22 % of those reporting an accident also reporting having their 
sleep disturbed during the previous four weeks. 

The data available to document the impact of environmental noise on sleep depriva
tion and acci<lents are largely inadequate. There is no estimation of relative risk. 
Further research is needed in order to identify the accident-related burden of diseases 
attributable to noise during the night-time. 
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2.5 ANIMAL STUDIES 
As pet owners know, cats sleep (most of the time it seems) and so do dogs. But do 
fish sleep? And flies ? Yes, most animals sleep, and they even show the same phe
nomena as in humans; from deep sleep, dream sleep to sleep disorders. There are 
also many differences and weird behaviour, such as sleeping with only one half of 
the brain at a time (dolphins and ducks). 

As Ising points out (Appendix 3), in animal experiments it is possible to assess the 
complete causal chain from noise exposure via physiological reactions and biolog
ical risk factors to morbidity or even mortality. However, a quantitative applica
tion of the results to humans is not possible. Instead, the method is useful in study
ing the pathome.:hanisms qualitatively. Re.:hts<:haffen and Bergmann (1965) stud
ied sleep deprivation in rats, showing that total sleep deprivation leads to mortal
ity in 16 to 20 days. As the animals in the last stage died from microbial infection, 
Everson and Toth (2000) pro.:eeded to show early infe<:tion of the lymph nodes 
and other tissues and hypothesized that daily sleep of some amount is necessary to 
maintain an intact immune system that will prevent bacterial invasion, a view that 
has been .:hallenged. 

Surprisingly, sleep in the common fruit fly - Drosophila melanogaster - has many 
similarities with mammalian sleep, including sleep deprivation leading to impaired 
performance. Genetic studies in fruit flies (Cirelli et al. , 2005) led to mutant flies 
that can get by on 30% less sleep than their normal counterparts, thanks to a sin
gle mutation in one gene. While they sleep 30% less they show no immediate ill 
effects. The lifespan of the flies is, however, reduced by 30%. 

These animal models <:ertainly lead one to believe that sleep is a biological ne.:es
sity, and tampering with it is dangerous for survival. 

As Ising shows (Appendix 3) noise may play a role in this. Under stressful .:irrnm
stances the death rate of rats is increased when noise levels are increased from 
"ambient" to Leq=69 dB(A). Are noise and sleep deprivation strcssors that both 
lead to early death? Is the noise effe<:r due to sleep deprivation? A carefully 
planned study may sort this out. The question still remains, however, as to how far 
this is relevant to humans. 

2.6 CONCLUSIONS 
From the evidence presented so far it <:an be dedu.:ed that sleep is important for 
human functioning. Why exactly is less evident, but it is clear that disturbed sleep 
(either from internal factors or from external factors) leads to or is at least associat
ed with fatigue, lower cognitive performan.:e, depression, viral illness, a.:cidents, dia
betes, obesity and cardiovascular diseases. Animal experiments show that sleep dep
rivation shortens lifespan. The fact that - in comparison- relatively mild effects turn 
up in human sleep deprivation experiments could be due to the short period (about 
10 days in controlled experiments) and the limitation to young and healthy adults. 
The central position of sleep in human functioning is summarized in Fig. 2.1. In this 
figure relations with sufficient evidence are indicated with solid lines, while relations 
for which limited evidence exists are indicated with interrupted lines. Feedback con
nections are in red and double-dotted. 
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The presence of feedback loops in the system is an indication that it may be difficult 
to prove direct cause- effect relations. One example is the relation between sleep 
quality and depression. They are strongly asso..:iated, but it is un..:ertain if depression 
causes bad sleep, or bad sleep causes depression (see also Chapter 4, section 4.8.11). 
This may also depend on one of the many other factors, so it could be different for 
different personality types. 
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Impaired sleep is widely considered as a health problem per se, and this chapter has 
shown that there are many internal and external causes. In the next chapter the rela
tion between noise and sleep quality is further unravelled. 
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CHAPTER 3 

EFFECTS OF NIGHT-TIME 
NOISE ON SLEEP 

Best travel tip: Never ever forget to pack ear plugs. 
(Virginia Jealous, Lonely Planet author) 

3.1 SHORT-TERM EFFECTS OF TRANSPORTATION 
NOISE ON SLEEP WITH SPECIFIC ATTENTION 
TO MECHANISMS AND POSSIBLE HEALTH 
IMPACT 

3.1.1 INTRODUCTION 

In this section reactions to single events are presented. In Chapter 2 normal sleep and 
sleep disorders are described in medical terms, but here the focus is on the mecha
nisms underlying the relation between noise and sleep quality. How does a sound 
penetrate the brain and cause a disruption of sleep? 

3.1.2 HOW NOISE INFLUENCES NORMAL SLEEP 

Noise can induce changes in the EEG or in autonomic variables that are called 
arousals or phasic activations. Similar brief episodes of activity also occur without 
noise in normal sleep, and, more frequently, in sleep that is otherwise disturbed, for 
example by apnoea. Arousal during sleep is not a uniform concept and has been 
defined differently by different researchers. Commonly, the occurrence of alpha 
rhythms is required for EEG arousal. Depending on the additional requirements and 
on the length of time that the slower cortical rhythms are interrupted, arousals have 
been called, for instance, micro-arousa l, minor arousal, EEG awakening or transient 
activation phases. EEG awakening requires an interruption of the sleep patterns of 
at least 15 seconds (half the period) when sleep staging is scored by periods of 30 
seconds, but need not be experienced consciously. Because normal REM sleep is a 
state characterized by cerebral arousal with frequently occurring a lpha rhythms, 
additional criteria are needed to define arousal from REM. The criteria used are 
increased heart rate, EMG, or irregular respiration. However, since the mechanisms 
of such autonomic responses appear to be at least partly different from the causal 
mechanisms of EEG arousal, such definitions seem to make arousal from sleep a het
erogeneous concept that may not have simple relationships with noise exposure. 

EEG arousals lasting at least 30 seconds have been found to occur as often as 4 times 
(95% CI: 1-15) per hour during sleep on average, while micro-arousals occurred 21 
times (95% Cl: 7- 56) per hour (Mathur and Douglas, 1995). Since these figures are 
from a laboratory study, they almost certainly are higher than the figures that hold 
for the natural situation at home. Sleep pressure decreases the density of micro
arousals (Sforza, Jouny and Ibanez, 2000). While the number of EEG arousals (dur-
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ing sleep stages 1 and 2) increases with age (Mathur and Douglas, 1995; Boselli et 
al., 1998) possibly only for men (Hume, Van and Watson, 2003), their average length 
is stable anJ circa 15 seconds (Boselli et al., 1998). Also the threshold for auJirory 
arousal decreases with age (Zepelin, McDonald and Zammit, 1984; Busby and Pivik, 
1985; Busby, Mercier and Pivik, 1994) and towards the end of the night (Basner et 
al., 2004). Recovery after EEG awakenings takes longer for noise-induc:ed awaken
ings than for spontaneous awakenings (Basner et al., 2004). The time required for 
falling asleep again depends on the sound level and especia lly for loud events this 
latency is considerably longer than after spontaneous awakenings. Thus, in general, 
noise-induced EEG awakenings are more disruptive than spontaneous awakenings 
and therefore will more often be experienced consciously and remembered after
wards. In c;ommon situations with aircraft overflight noise at home, (minor) arousals 
were found in 10.3% of the 64-second intervals without aircraft noise and this per
centage was found to be increased by circa 4% up to 14.3% in intervals with an air
craft noise event (Hume, Van and Watson, 2003). Thus, in that particular (exposure) 
situation, about 1 in 24 aircraft overflights caused a (minor) arousal. 

3 .1 .3 MECHANISMS 

Activity in the auditory system up to the brainstem nucleus inferior colliculus occurs 
within 10 milliseconds after the onset of a sound. This early activity appears to be 
obligatory and is hardly affected by the state (sleeping or awake). Being asleep or 
awake does influence later activity. The auditory pathways proceed from the inferi
or colliculus to the thalamus and from there to the auditory cortex. The state (asleep 
or awake) affects the activity in the thalamocortical circuits, which occurs after 
10-80 milliseconds. In particular, during SWS the transmission of auditory informa
tion through the thalamus is suppressed. This is not the case during REM sleep or 
when awake. 

Thus, while in all (sleep) stages, sound activates the auditory system up to the infe
rior colliculus, the sound-induced activation of higher areas is suppressed in SWS. 
Therefore, further activation depending on those higher areas (for example, extract
ing meaning) is not likely to occur as a primary reaction to sound during SWS. For 
understanding arousal during SWS, it is important that the inferior colliculus and the 
earlier auditory nucleus of the lateral lemniscus, and also the (dorsal and ventral) 
cochlear nuclei project to reticular arousal system. Presumably, sound is always 
capable of arousing the sleeping subject through these connections. The ascending 
arousal system is heterogeneous and encompasses mono-aminergic, glutamatergic, 
and cholinergic nuclei that can directly or indirectly activate the thalamus and cor
tex. An important indirect route is the activation of the basal forebrain, which can 
activate the cerebral cortex through widespread, mainly cholinergic projections. The 
activation of the thalamus and cortex is indicated by an increase in EEG rhythm fre
quency and a reduction of the inhibition in the thalamic sensory relay nuclei. As a 
consequence of the latter effect, subsequent sound-induced activation may pass the 
thalamus and may be subject to more elaborate processing than initial sound. It can 
be speculated that sound in this way also reduces the threshold for somatosensory 
information that initiates body movements so that more body movements are 
observed when exposed to sound. The occurrence of habituation of cortical respons
es suggests an active role played by a part of the brain that blocks or at least limits 
the impact of the activated ascending pathways. 
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The parasympathetic autonomic nervous system seems to be responsible for the 
bradycardia observed in non-REM sleep and mainly in tonic REM sleep through the 
increase in vagal activity (Guazzi et al., 1968). The variability of heart rate in REM 
sleep could be placed under the same control, as vagotomy strongly reduced the 
heart rate instability (Baust and Bohnert, 1969). During falling asleep, respiration is 
unstable and alternates between hypo- and hyperventilation episodes. This respira
tion, called "periodic respiration" (Mosso, 1886), disappears when stable sleep 
occurs (stage 2). The main hypotheses concerning this periodic ventilation refer to 
metabolic control and chemoreceptor responses to levels of PaC02 and Pa02 
(Chapman et al., 1988). In stable non-REM sleep, respiration is regular in amplitude 
and frequency, although ventilation per minute is lower than during awakening. In 
REM sleep, respiration appears irregular with sudden variations in amplitude and 
frequency. This irregularity appears to be not modifiable by metabolic factors and, 
therefore, it is possibly linked to mechanisms leading to REM expression. The non
habituation of the cardiovascular responses would be explained by the absence of an 
inhibitory influence on the part of the arousal system that affects the centres regu
lating the autonomous response. 

3.1.4 EEG RESPONSE 

The sleep polygraph continuously records EEG activity, eye movement (EOG) and 
muscle tone (EMG). These data are used to classify sleep into various stages, and to 
assess times of falling asleep and waking up. Also, sleep variables such as total sleep 
time and total time spent in SWS (consisting of sleep stages 3 and 4, the stages of 
deep sleep) and in the REM stage (also called dream or paradoxical sleep) can be 
assessed on the basis of sleep polygraph recordings. Polygraphic indicators of 
responses to individual noise events are changes from a deeper to a less deep sleep 
and EEG awakening. Several field studies (Pearsons, Bennett and Fidell, 1973; 
Vernet, 1979; Valier et al., 1983; Hume, Van and Watson, 2003; Basner et al., 2004) 
have been conducted regarding noise-induced changes in sleep stage a nd awakening 
using EEG recordings. Transition from a deep stage of sleep to a shallower sleep 
stage can be the direct consequence of a nocturnal noise event. Although not per
ceived by the sleeper, these transitions modify the sleep a rchitecture and may reduce 
the amount of SWS (Carter, 1996; Basner et al., 2004) and the amount and rhyth
micity of REM sleep may be markedly affected (Naitoh, Muzet and Lienhard, 1975; 
Thiessen, 1988). In addition to their results from a laboratory study, Basner et al. 
(2004) present results from a field study with valid data for 63 subjects (aged 18- 65 
years) with 15 556 aircraft noise events included in the final analyses. They estab
lished a curve that gives the probability of awakening as a function of LAmax with a 
model that assumed a background noise level just prior to the aircraft noise event of 
27 JB(A). The LAmax threshold for noise-induced awakenings was found to be about 
35 dB(A). Above this threshold the probability of noise-induced awakenings increas
es monotonically up to circa 10% when LAmax = 73 dB(A). This is the extra proba
bility of awakening associated with the aircraft noise event, on top of the probabil
ity of awakening spontaneously in a 90 second interval. 

Some arousals provoked by noise events are so intense that they induce awakening. 
Frequent awakening leads to sleep fragmentation and overall sleep disturbance. The 
noise threshold for awakening is particularly high in deep SWS (stages 3 and 4) while 
it is much lower in shallower sleep stages (stages 1 and 2). In REM sleep the awak
ening threshold is variable and depends on the significance of the stimulus. Total 
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sleep time can be reduced by both a longer time to fall asleep and premature final 
awakening. It has been reported that intermittent noises with maximum noise levels 
of 45 dB(A) and above can increase the time taken to fall asleep by a few to 20 min
utes (◊hrstrom, 1993). In the morning hours, the sleeper can be more easily awak
ened by ambient noise and has more difficulty going back to sleep because sleep 
pressure is progressively reduced with time (Rechtschaffen, Hauri and Zeitlin, 1966; 
Keefe, Johnson and Hunter, 1971). 

Terzano et al. (1990, 1993) showed that with increasing intensity of sound pressure 
level (white noise at 45, 55, 65 and 75 dB(A), white noise induced a remarkable 
enhancement of cyclic alternating patterns (CAP)/non-REM, characterized by a lin
ear trend from the lowest to the highest intensities, revealed by a significant increase 
in the CAP rate already at 45 dB(A). Noise decreased mainly SWS, REM and total 
sleep time, and increased waking after sleep onset, stage 1 non-REM and CAP rate 
(Terzano et al., 1993). For CAP/non-REM values between 45% and 60%, subjects 
generally recalled a moderate nocturnal discomfort and values of CAP/non-REM 
over 60% corresponded to a severe complaint. 

This result corroborates previous findings described by Lukas (1972a) who report
ed that reactions less intense than a sleep stage change correlate better to the noise 
intensity than awakening reactions. 

3.1.5 CARDIOVASCULAR RESPONSE 

For sleeping persons, mean heart rate, mean systolic and diastolic BP and variability in 
heart rate are usually assessed. Indicators of responses to individual noise events are 
instantaneous changes in (variability of) heart rate and changes in systolic BP. Several 
field studies (Carter et al., 1994) have been conducted regarding momentary change in 
heart rate. Intermittent noise during sleep has been found to induce a biphasic cardiac 
response and a transient constriction of peripheral vessels together with a short phasic 
activation in the EEG, while no other behavioural effect can be seen (Muzet and 
Ehrhart, 1978). This biphasic cardiac response starts with an increase in heart rate, 
probably due to aphasic inhibition of the parasympathetic cardio-inhibitory centre, fol
lowed by a compensatory decrease due to a phasic decrease in orthosympathetic activ
ity (Keefe, Johnson and Hunter, 1971; Muzet and Ehrhart, 1980). The vasoconstrictive 
response was reported to be due to the sympathetic peripheral stimulation provoked by 
the auditory reflex (Kryter and Poza, 1980). More recently, Carter et al. (2002) have 
shown that beat-by-beat BP changes can be induced by suddenly occurring noises. 
Although habituation in some effect parameters can occur in a few days or weeks, this 
habituation is not complete and the measured modifications of the cardiovascular func
tions remain unchanged over long periods of exposure time (Muzet and Ehrhart, 1980; 
Valier et al., 1983). Most striking is that none of the cardiovascular responses show 
habituation to noise after a prolonged exposure, while subjective habituation occurs 
within a few days. In people that are used to sleep in a noisy surrounding, noise-induced 
changes in heart rate are dependent on the maximum sound level of a noise event, but 
not on the EEG sleep stage). 

3.1.6 BODY MOVEMENT 

Motility is the term used for accelerations of the body or body parts during move
ment. It is measured with actimeters, usually worn on the wrist in field research and 
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the laboratory. Brink, Muller and Schierz (2006) describe a more sophisticated 
method which is based on the bed being placed on accelerometers. This allows the 
tracking of whole body movements. 

Motility is related to many variables of sleep and health (Reyner, 1995; Reyner et al., 
1995; Passchier-Vermeer et al., 2002). Clinical research shows that the sleep/wake 
cycle (assessed by polysomnography, EEG, EOG, EMG) passes through the 24-hour 
period synchronously with the rest/activity cycle (assessed by actimetry) (Borbely et 
al., 1981). A number of investigations have compared the results of polysomno
graphic recordings (number of EEG-awakenings during sleep period, duration of 
sleep period, sleep onset time, wake-up time) with results of actimetry. The correla
tion between actimetrically assessed duration of sleep period, sleep onset time, wake
up time and similar variables assessed with polysomnography was found to be very 
high (correlation coefficients between individual test results in the order of 0.8-0.9). 
Measures of instantaneous motility are the probability of motility and the probabil
ity of onset of motility in a fixed time interval, for example a 15-, 30- or 60-second 
interval. Increased instantaneous motility during sleep is considered to be a sensitive 
behavioural marker of arousal, but the relation with arousal is not simple. Also 
other factors, such as the need to relieve the pressure on body parts for better blood 
circulation, cause motility, and spontaneously occurring arousals are part of the nor
mal sleep process. The noise-induced probability of (onset of) motility is the differ
ence between the probability of (onset of) motility during noise events minus the 
probability in the absence of noise. 

Onset of motility and minor arousal found on the basis of EEG recordings are high
ly correlated. In the United Kingdom sleep disturbance study, Ollerhead et al. (1992) 
found for their study population that during sleep there is on average an EEG 
(minor) arousal in 40% of the 30-second intervals with onset of motility. 
Unfortunately, it is unknown whether this 40% is also valid for noise-induced awak
enings. In 12% of the 30-second intervals with an EEG (minor) arousal, motility 
does not occur. Several field studies (Horne et al., 1994; Fidell et al., 1998, 2000; 
Flindell, Bullmore and Robertson, 2000; Griefahn et al., 2000; Passchier-Vermeer et 
al. , 2002, 2004) have been conducted regarding noise-induced instantaneous motil
ity. For this effect, relationships have been established with SEL or LAmax> for air
craft noise only. In Passchier-Vermeer et a l. (2002) relationships between noise
in<luce<l increase in motility or noise-induced increase in onset of motility in the 15-
second interval with the maximum noise level of an overflight, and LAmax or SEL 
have been approximated by quadratic functions (see, for instance, Fig. 3.2). It may 
be noted that the threshol<l of motility (LAmax = 32 dB(A)) is in the same range as 
the threshold found by Basner et al. (2004) for EEG awakenings, with a definition 
that also encompassed transitions to steep stage 1 (LAmax = 35 dB(A)). The proba
bility of motility at 70 dB(A) of about 0.07 is lower than the probability of noise
induced EEG awakening at LAmax = 73 dB(A) of about 0.10. There is no a priori 
reason to expect the above threshold probabilities to be the same for these two 
measures of sleep disturbance, but, taking into account that motility is assessed for 
shorter intervals (15 seconds vs. 90 seconds), the d ifferences in probabilities above 
threshold appear to be limited. 

One of the variables influencing the relationships between noise-induced instanta
neous motility and LAmax or SEL, is long-term aircraft noise exposure during sleep. 
The probability of instantaneous aircraft noise-induced motility is lower when the 
long-term exposure is higher. This may be partly due to the higher base rate motili
ty in quiet intervals in higher long-term exposure, which is used as a reference for 
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the instantaneous noise-induced motility. Other factors influencing the relationships 
between instantaneous motility and LAmax or SEL are the point of time in the night, 
and time since sleep onset. For example, after 7 hours of sleep, noise-induced motil
ity is about 1.3 larger than in the first hour of sleep. Age has only a slight effect on 
noise-induced motility, with younger and older people showing a lower motility 
response than persons in the age range of 40-50 years. 

3.1.7 BEHAVIOURAL AWAKENING IN ADULTS 

Passchier-Vermeer (2003a) published a review of nine studies on awakening by 
noise. It was found that these studies had different definitions of what constituted an 
"awakening". In this review, however, all awakening data were collected on "behav
ioural awakening": these are awakenings that were followed by an action (like press
ing a button) from the sleeper. The number of awakenings defined in this manner is 
much smaller than the number of sleep stage changes which lead to EEG patterns 
similar to wakefulness. 

Data were available for rail traffic noise, ambient (probably road) noise, civil avia
tion noise and military aviation noise. 

The rail traffic noise study is very small (only 20 subject nights), but showed no 
awakenings. The study states that "there is some evidence, be it very limited, that 
railway noise events, in the range of SELindoor considered (up to 80 dB(A)), do not 
increase [the] probability of awakening". 

Ambient noise also showed no effect on the probability of awakening, but as it is 
uncertain exactly what noise is meant, no firm conclusions could be drawn. 

Military aircraft noise showed a very strong effect, but this study is of limited appli
cability since the few subjects (military) lived near the end of the runway. 

For civil aviation noise there were sufficient data to derive a dose-effect relation: 

Percentage of noise-induced awakenings = 
-0.564 + l.909*10·4 *(SELinsidel2 [4], 

where SELinside is the sound exposure level of an aircraft noise event in the bedroom. 

This relation is confined to commercial aircraft noise over the intervals 54<SEL<90 
(37<LAmax <82) and the number of events per night 1< N < 10. 

With this relation, it is possible to calculate for an individual Lnight the expected 
number of noise-induced behavioural awakenings. This requires a ll single contribu
tions over the year to this Lnighr to be known. Alternatively (if, for instance, a future 
situation has to be estimated for which no exact data are available) a worst case sce
nario can be calculated. Fig. 3.1 represents the results of this worst case approach 
(converted to Lnighr> see Chapter 1, section 1.3.4), and so gives the maximum num
ber of awakenings nmax that may be expected. 

nmax= 0.3504 * 1 Q(L,,i.h,-35.2)/10 [5]. 
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It ,an be demonstrated that the number of awakenings rea,hes a maximum when the 
SELinside value is 58.8 dB(A). 

It should be noted that, on average, 600 spontaneous awakenings per person are 
reported per year. This also explains why so many more awakenings are reported 
than can be attributed dire,tly to aircraft noise. At 5 5 Lnighr, nearly 100 overflights 
per night with SELinside = 58.8, or 1 every 5 minutes are possible. It is, therefore, very 
likely that an overflight coincides with a spontaneous awakening. 

3.1.8 DOSE- EFFECT RELATIONS FOR BODY MOVEMENTS 
DURING SLEEP 

In Passchier-Vermeer et al. (2002) motility is registered in 15-second intervals. A d is
tinction is made between two variables: 

• the presence of motility in the interval (indicated by m) and 
• the onset of m otility, meaning the presence of motility when there was no motili-

ty in the pre,eding interval (indicated by k) . 

Relations between a noise-induced increase in motility (m) or a noise-induced 
ini:rease in the onset of motility (k) in the 15-se,ond interval with the maximum 
sound level of an overflight, and LAmax inside or SELinside have been approximated by 
quadratic functions with the following' format: 

[6]. 

The coefficients a, b and c are given in Table 3.1. The value of a is the value below 
which m or k is zero. Fig. 3.2 shows the relationship between m and LAmax, inside 

together with the 95% <:onfiden,e interval. Relations apply to Lt,.max,insidc and 
SELinside values of at most 70 and 80 dB(A), respectively. 
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Table 3.1. 
Coefficients of the quadratic equation (formula [61) of m and k as a function 

of LAmax,lnslde or SEL1nslde for the 15-second interval in which an indoor maximum 
sound level of an aircraft noise event occurs. The equations are applicable 

In the LAmax,lnslde range from a up to 70 dB(A), or SEL;nside range from a up 
to 80 dB(A). Below a, m and k are zero. 

range 

a 
b 
C 

range 
a 
b 
C 

Fig. 3.2 
Probability of (air

craft) noise-Induced 
motility (m) at the 15- ~ 

second Interval in :: 
which the Indoor ~ 

maximum sound level 
occurs (solid line) and 

the 95% confidence 
interval, as a function 

of LAmax,lnslde bedroom 

(Aircraft) noise-induced increase 
of probability of motility (m) 

32 < LAmax inside < 70 dB(A) 
(see Fig. 3.2i 
32 
0.000633 
3.14x10·5 
38 < SELinside < 80 dB(A) 
38 
0,000532 
2.68x10·5 

0.08 
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0.05 
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0.01 

0 
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(Aircraft) noise-induced 
increase of probability of 
onset of motility (k) 

32 < LAmax,insidc < 70 dB(A) 

32 
0.000415 
8.84x10·6 

40 < SEL;nsidc < 80 dB(A) 
40 
0.000273 
3.57x10·6 

55 60 65 70 Source: Miedema, 
Passchier-Vermeer and Vos, 

2003. Lmax,lnside 

The study report also gives the upper boundaries for motility, based on the relation
ship between LAmax, SEL and Lnighr (Fig. 3.3). This figure is mathematically derived 
from relation [6) as JescribeJ in AppenJix 2. 

This area of study is still under development. Miedema, Passchier-Vermeer and Vos 
(2003) give a detailed account in their study report of the relation between the study 
used for the data presented here (Passchier-Vermeer et al., 2002), earlier studies like 
the much quoted Civil Aviation Authority study (Ollerhead et al., 1992; Ollerhead, 
1994) and earlier work done in the United States. 
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3.1.9 INDIVIDUAL SENSITIVITY 
Sensitivity to noise may vary greatly from one individual to another. Primary self-eval
uation of sensitivity to noise has been used as a factor to evaluate highly sensitive and 
non-sensitive groups and to <.:ompare their rea<.:rions to noise exposure during daytime 
and night-time (Di Nisi et al., 1990). In this study, self-declared highly sensitive individ
uals had a higher cardiovascular response rate to noise than non-sensitive people dur
ing their waking exposure, while there was no differen<.:e in sensitivity to noise between 
these two groups during their night-time exposure while they were asleep. 

The physiological sensitivity to noise depends also on the age of the sleeper. Thus, while 
EEG modifications and awakening thresholds are, on average, 10 dB(A) higher in chil
dren than in adults, their cardiovascular sensitivity to noise is similar, if not h igher, than 
the older group (Muzet and Ehrhart, 1980; see also Appendix 4 ). Elderly people ,om
plain much more than younger adults about environmental noise. However, their spon
taneous awakenings occurring during night sleep are also much more numerous. 
Therefore, it is diffirnlt to condude if elderly people are more sensitive to noise or if they 
hear noise because they are often awake during the night. This natural fragmentation of 
their night sleep tends also to lengthen their return to the sleeping state and this accounts 
for a signifi,ant part of their subje,tive complaints. 

Differences in sensitivity to noise have been found between the sexes. Thus, young men 
seem to complain more about noise-disturbed sleep than young females (Muzet et al. , 
1973). However, this difference seems to reverse for populations over 30 years of age 
and then females (often mothers) appear to be more sensitive to noise than males 
(Lukas, 19726). 

3.1.10 USE OF INSTANTANEOUS EFFECTS IN PREDICTIONS 
OVER A LONGER TIME PERIOD 

It is tempting to use the relations between single exposures and measured effe<.:ts in long
term predictions. Although this is perhaps possible, a word of caution is appropriate. 

In general, the reactions are calculated by looking at a certain time frame around an 
exposure, usually in the order of a few minutes. The second limitation is that order 
and fo llow-up effects are neglected. Time and order effects of identical events on 
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motility have been described by Brink, Wirth and Schierz (2006). Only if the situa
tion that is modelled resembles the one that was used in the single exposure analy
sis, are no major deviations to be expected. Reactions to noise events are generally 
not independent from each other. Each event may alter a subject's tendency to awake 
at the next event, even if no awakening reaction is detected for that particular event. 
If, for example, each event would additionally increase the probability of awakening 
at the next event, the total probability of awakening per night would be greater than 
predicted by mere summation of the single event probabilities. Most likely, this 
underestimation of probability will occur when events in the real situation follow in 
dose succession, whereas events in the single exposure analysis did not. Such limita
tions can to some degree be overcome through applying advanced statistical meth
ods such as those put forward by Basner (2006). A third limitation is that an over
all increase in the base line could go undetected. 

If the situation that is calculated resembles the one that was used in the single expo
sure analysis, probably no major deviations are to be expected. Care should be taken 
to extrapolate outside the boundaries given in the number of events or LAmax· 
Calculations for Amsterdam Schiphol Airport show a good agreement between the 
number of calculated awakenings per year (based on the actual SEL data) and the 
self-reported number of awakenings. This number is a factor 2 lower than the worst 
case scenario presented in section 3.1.7 above. 

3.2 CHRONIC EFFECTS: CHRONIC INCREASE OF 
MOTILITY 

Mean motility - all body movements counted together - during sleep is strongly 
related to age and is also a function of noise exposure during the sleep period. The 
relationships between mean motility and Lnighr,inside are shown in Fig. 3.4. Mean 
motility during sleep is lowest at the age of 45 years, and greater at higher and lower 
ages. The relation between mean motility, Lnighr,insiJe and age is: 

Mean motility = 

0.0587 + 0.000192*Lnighr,inside - 0.00133*age + 0.0000148 *age2 [7]. 

The relation between the increase m mean noise-induced motility, mnight> and 
Lnighr, inside is: 

mnight = 0.000192*Lnighr,inside [8], 

assuming, as described in Chapter 1, section 1.3.4, that Lnighr,inside = Lnighr-21: 

mnighr = 0.000192 *Lnighc0.004032 [8a]. 

Source: Miedema, Passd,ier-Vermeer and Vos, 2003. 
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Fig. 3.4 
Increase In mean motility (body movements dur · 
Ing sleep). Converted from Inside relation with [3] 

The increase in mnighr is 22% over the baseline motility (0.03 on average) if indoor 
Lnighr, inside increases from O (absence of aircraft noise) to 35 dB(A) (living close to a run
way). This increase is independent of age, although the absolute level varies. 

Other chronic effects like the use of sleeping pills, changes in BP and changes in lev
els of stress hormones are discussed in the next chapter. 

3.3 CONCLUSIONS 
During sleep the auditory system remains fully functional. Incoming sounds are 
processed and evaluated and although physiological changes continue to rake place, 
sleep itself is protected because awakening is a relatively rare occurrence. Adaptation 
to a new noise or to a new sleeping environment (for instance in a sleep laboratory) 
is rapid, demonstrating this active protection. The physiological reactions do not 
adapt, as is shown by the heart rare reaction and the increase of average motility 
with sound level. The autonomous physiological reactions are a normal reaction to 
these stimuli , but the question is whether prolonged "abuse" of this system leads to 
adverse consequences for the organism. The next chapter tries to answer that. 
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CHAPTER 4 

EFFECTS OF NIGHT-TIME NOISE ON 
HEALTH AND WELL-BEING 

The sick die here because they can't sleep, 

For when does sleep come in rented rooms? 
It costs a lot merely to sleep in this city! 

That's why everyone's sic'k: carts clattering 
Through the winding streets, curses hurled 

At some herd standing still in the middle of the road, 
Could rob Claudius or a seal of their sleep! 

(Juvenal, 1st century AD) 

4.1 INTRODUCTION 
In Chapters 2 and 3, sufficient evidence was presented to support the hypothesis for 
the simplified model presented in Chapter 1: sleep disturbance is connected to healch 
impairment, and noise is an important factor that causes sleep disturbance. The full 
model (Fig. 2.1, Chapter 2) showed why it is difficulc to find evidence for a direct 
relation between noise exposure at night and health outcomes. Noise is but one of 
the internal and external factors that cause sleep disturbance and feedback loops 
obscure the view of the cause and effect chain. In this chapter the evidence for the 
direct relation is presented. 

4.2 SELF-REPORTED (CHRONIC) SLEEP 
DISTURBANCES 

Self-reported sleep disturbance is investigated by means of a questionnaire containing 
questions regarding sleep disturbance. Often, sleep disturbance is not the main focus 
of the questionnaires used in studies of self-reported noise effects. This means that 
considerable effort is needed to harmonize the different response categories. The rela
tionships for self-reported sleep disturbance are based on analyses of the 15 data sets 
with more than 12 000 individual observations of exposure-response combinations, 
from 12 field studies (Miedema, 2003; Miedema, Passchier-Vermeer and Vos, 2003). 

The curves are based on data in the Lnighr (outside, most exposed facade) range 
45-65 dB(A). The polynomial functions are dose approximations of the curves in 
this range and their extrapolations to lower exposure (40-45 dB(A)) and higher 
exposure (65-70 dB(A)). The formulae of these polynomial approximations are as 
follows (SD = sleep disturbance; H = high; L = low): 

for road traffic: 

¾HSD = 20.8 - l.05*Lnight + 0.01486*(Lnighrl2 

¾SD= 13.8 - 0.85*Lnighr + 0.01670*(Lnighr)2 

¾LSD= -8 .4 + 0.16*L11;ghr + 0.01081 *(Lnigh,)2 

[9] 

(10) 

(11) 
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for aircraft: 

%HSD = 18.147- 0.956*Lnighr + 0.01482*(Lnighr)2 

%SD= 13.714 - 0.807*Lnight + 0.01555*(Lnighrl2 

%LSD= 4.465 - 0.411 *Lnight + 0.01395*(Lnighrl2 

and for railways: 

%HSD = 11.3 - 0.55*Lnighr + 0.00759*(Lnighr)2 

%SD= 12.5 - 0.66*Lnight + 0.01121 *(Lnighrl2 

%LSD= 4.7 - 0.31 *Lnighr + 0.01125*(Lnighrl2 

(12] 

(13] 

(14] 

(15] 

(16) 

(17). 

The above relations represent the current best estimates of the influences of Lnight on 
self-reported sleep disturbance for road traffic noise and for railway noise, when no 
other factors are taken into account. Fig. 4.1 illustrates the relations (9) (12) and 
[15) for persons highly disturbed by road, aircraft and rail noise. 

25-,--- --- - - - - - - - ------

fig. 4 .1 al 20 
High sleep disturbance by ~ 

noise at night 1ii 15 '6 
>, 

:c 

- - Airtraffic 

Road traffic 

Rail traffic 
_ .. 

--· .-
_ .. 

S011rce: :.§' 
E11ropean Commission, 2004. ;!:_ 

10-t------------ - .~--- ~·-·- - ------. .... .... . ... ... 
5 -t--- - .......... . . . .. .... . . 

1 ·:.,:· :··-:· :·. • • • • ••• 
O t I I I I I I I I I I I I I I I 

40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 

Lnight, outside, facade 

With regard to the relations for aircraft noise it should be noted that the variance in 
the responses is large compared to the variance found for rail and road traffic. This 
means that the uncertainty regarding the responses for night-time aircraft noise is 
large, and such responses can be considered as indicative only. Miedema (2003) sug
gests the following causes. 

• The time pattern of noise exposures around different airports varies considerably 
due to specific night-time regulations. 

• The sleep disturbance questions for aircraft noise show a large variation. 
• The most recent studies show the highest self-reported sleep disturbance at the 

same Lnighr level. This suggests a time trend. 

For industrial noise there is an almost complete lack of information, although there 
are some indications (Vos, 2003) that impulse noise may cause considerable distur
bance at night. 
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4.3 COMPLAINTS 

~ 

According to the Health Council of the Netherlands (2004), the submission of a 
complaint about noise is symptomatic of reduced well-being. 

Complaints about noise are widespread, and night noise seems to cause more com
plaints than daytime noise at the same level. Hwne, Morley and Thomas (2003) found 
that around Manchester Airport complaints per 1000 aircraft tra ffic movements rose 
from an average of 10 in daytime hours to up to 80 in the night. When linking part of 
the complaints to measured noise levels, they found an increase from an average of 1 
complaint at 70 PNLdB (circa 58 LAmaxl to 2 at 114 PNLdB (circa 102 LAmaxl• 

Due to differences in complaint cultures and registration practices, it is difficult to 
make comparisons between complaint registrations. Around Amsterdam Schiphol 
Airport a relation between complaints and LAeq was found (Ministerie Verkeer en 
Waterstaat, 2005). The threshold for complaints is around 45 Lden• and increases to 
7% of the population at 72 Lden· Night-time complaints follow the same pattern, 
and the threshold for night complaints is 35 Lnight· In Fig. 4.2 the mean percentage 
shows a definite relationship with Lnight· The 95 percentile indicates that the thresh
old is 35 Lnight· 

Fig. 4.2 i 3.5 

I 3.o 
jl 2.5 

• Dose-effect relation 
for persons having 
complained at least 
once during a year 
between 1994 and 
2004 

C ·g 2.0 • .. 
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8. 1 0 0 . .. 
.. .. . -

! I t 0.5 .. 
I 

I 
• 

- Source: 
Ministerie Verkeer en 
\Vaterstaat (2005). 

C 
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4.4 NEIGHBOURHOOD NOISE AND NOISE FROM 
NEIGHBOURS 

Inventory studies in the Netherlands indicate that sleep disturbance attributable to 
the most annoying forms of neighbourhood noise and noise from neighbours (con
tact noise and human noises in the environment) is on a similar scale to disturbance 
attributable to the most annoying sources of road traffic noise (mopeds and passen
ger cars). It is reasonable to assume that chronic sleep d isturbance is, in the long 
term, liable to have consequences for health and well-being. The sound pressure level 
and other noise characteristics are liable to determine the nature of the influence to 
some extent, but certain other factors play a more prominent role than is the case 
with traffic noise. These fac tors indude appreciation of the noise and of the party 
responsible for the noise, as well as the hearer's personal circumstances. However, 
scientific understanding of the relative importance of and interaction between 
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acoustic and non-acoustic factors is not sufficient for the committee to draw any 
definitive conclusions regarding the relationship between, on the one hand, exposure 
to night-time neighbourhood noise and noise from neighbours and, on the other, 
health and well-being. 

Leidelmeijer and Marsman (1997) carried out an interview-based study of 1242 
households in the Netherlands, in which subjects were asked about daytime and 
night-time noise from neighbours and any associated annoyance. A distinction was 
made on the basis of the part of the house in which the noises were audible and any 
associated annoyance was experienced. Subjects proved least tolerant of noise from 
their neighbours that was audible in the master bedroom. The researchers distin
guished five types of noise, which are listed below (Table 4.1), along with the per
centage of subjects who indicated hearing the relevant type of noise from a neigh
bouring dwelling at night in the master bedroom. 

Table 4.1 
Daytime and night

time noise from 
neighbours 

Source: 
Leidelmeiier and 
Marsma11, 1997. 

Type of noise 

Contact noise 
Noise from sanitary fittings, 
central heating, etc. 
Noise from radio, TV and hi-fi 
Do-it-yourself noises 
Pets 

% subjects hearing noises 
at night in the bedroom 

22% 

19% 
12% 
8% 
6 % 

Where each of the five investigated types of noise was concerned, roughly 10-15% 
of subjects indicated that they felt it was unacceptable for the noise to be audible 
during the day. Overall, nearly 30% of subjects said that sanitary fittings should not 
be audible at night, while approximately 50% felt each of the other four types of 
noise was unacceptable at night. 

In 199 3, Kranendonk, Gerretsen and van Luxemburg produced a synthesis of the 
research conducted up to that point in time into the annoyance associated with noise 
from neighbours. Subsequently, in 1998, van Dongen et al. published a report on the 
relationship between noise from neighbouring dwellings and the airborne and con
tact noise attenuating indices I111, I1u;k> and Ico, drawing on data from a question
naire-based survey of the residents of 600 dwellings, whose acoustic quality was 
determined in 202 cases. The results of the two studies are reasonably consistent. 
Both found that the chief causes of annoyance were loud radios, hi-fis and TVs, 
audible and sometimes intelligible voices, the slamming of doors and footsteps on 
floors and staircases. In both cases, it proved that, when Ilu had a value of O (the 
minimum requirement for new homes), 10% of subjects reported high annoyance 
and 15% reported annoyance caused by noise from neighbouring dwellings. These 
figures are not specific to night-time noise, but apply to annoyance over a 24-hour 
period. 

O n the basis of the findings outlined above, the committee concludes that the stan
dard of inter-dwelling sound attenuation presently required does not provide suffi
cient protection to prevent annoyance caused by noise from neighbours. Since people 
are less tolerant of the noise their neighbours make at night-time than of their neigh
bours' evening or daytime noise, it may be assumed that much of the annoyance asso
ciated with noise from neighbours relates to the influence of such noise on sleep. 
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4.5 CARDIOVASCULAR EFFECTS OF NOISE -
FINDINGS FROM EPIDEMIOLOGICAL STUDIES 

4.5 .1 INTRODUCTION 

It is a common experience that noise is unpleasant and affects the quality of life. It 
disturbs and interferes with activities of the individual including concentration, com
munication, relaxation and sleep (WHO Regional Office for Europe, 2000; Schwela, 
2000). Besides the psychosocial effects of community noise, there is concern about 
the impact of noise on public health, particularly regarding cardiovascular outcomes 
(Suter, 1992; Passchier-Vermeer and Passchier, 2000; Stansfeld, Haines and Brown, 
2000). Non-auditory health effects of noise have been studied in humans for a cou
ple of decades using laboratory and empirical methods. Biological reaction models 
have been derived, which are based on the general stress concept (Selye, 1956; Henry 
and Stephens, 1977; Ising et a l., 1980; Lercher, 1996). Amongst other non-auditory 
health end points, short-term changes in circulation including BP, heart rate, cardiac 
output and vasoconstriction, as well as stress hormones {epinephrine, norepineph
rine and corticosteroids) have been studied in experimental settings for many years 
(Berglund and Lindvall, 1995; Babisch, 2003). Various studies have shown that clas
sical biological risk factors are higher in subjects who were exposed to high levels of 
traffic noise (Arguelles et al. , 1970; Eiff et al. , 1974; Verdun di Cantogno et al., 
1976; Algers, Ekesbo and Stromberg, 1978; Knipschild and Salle, 1979; Manninen 
and Aro, 1979; Eiff et al. , 1981a; Rai et al., 1981; Marth et al. , 1988; Babisch and 
Gallacher, 1990; Babisch et al. , 1990; Lercher and Kofler, 1993; Schulte and Otten, 
1993; Dugue Leppanen and Grasbeck, 1994; Yoshida et al., 1997; Goto and 
Kaneko, 2002). Although controls for other risk factors were not consistent in all 
these studies, the hypothesis emerged that persistent noise stress increases the risk of 
cardiovascular disorders including high BP (hypertension) and IHD. 

• Sound/noise is a psychosocial stressor that activates the sympathetic and endocrine 
system. 

• Acute noise effects do not only occur at high sound levels in occupational settings, 
but also at relatively low environmental sound levels when, more importantly, 
intended activities such as concentration, relaxation or sleep are disturbed. 

The following questions need to be answered. 

• Do these changes observed in the laboratory habituate or persist under chronic 
noise exposure? 

• If they habituate, what are the physiological costs? If they persist, what are the 
long-term health effects? 

The answers to these questions come from epidemiological noise research. Large
scale epidemiological studies have been carried out for a long time (Babisch, 
2000). The studies suggest that transportation noise is associated with adverse 
cardiovascula r effects, in particular IHD. The epidemiological evidence is con
stantly increasing (Babisch, 2002, 2004a). The biological plausibility of the asso
ciation derives from the numerous noise experiments that have been carried out 
in the laboratory. T here is no longer any need to prove the noise hypothesis as 
such. Decision-making and r isk management, however, rely on a quantitative risk 
assessment which requires an established dose- response relationship. Since many 
of the stress indicators and risk factors that have been investigated in relation to 
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Fig. 4.3 
Noise effects 

reaction scheme 

Source: 
Babisch, 2002. 
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noise are known to be classical cardiovascular risk factors, the hypothesis has 
emerged that chronic noise exposure increases the risk of hypertension, arte
riosclerosis and IHD. Its relevance for public health comes from the high preva
lence of cardiovascular d iseases in developed and industria lized countries. It is 
unclear as to what extent chronically repeated noise-induced sleep disturbance 
contributes to the development of somatic health disorders. Only a few epidemi
ological studies address this particular issue. Epidemiological noise research has 
seldom distinguished between day and night exposures, or between the exposure 
of the living room and the bedroom. However, some deduction can be made from 
daytime to night-time exposure. 

4.5.2 NOISE AND STRESS-REACTION MODEL 

The auditory system is continuously analysing acoustic information, which is filtered 
and interpreted by different cortical and subcortical brain structures. The limbic sys
tem, including the hippocampus and the amygdala, plays an important role in the 
emotional processing pathways (Spreng, 2000). It has a close connection to the 
hypothalamus that controls the autonomic nervous system and the hormonal bal
ance of the body. Laboratory studies found changes in blood flow, BP and heart rate 
in reaction to noise stimuli as well as increases in the release of stress hormones 
including the catecholamines adrenaline and noradrenaline, and the corticosteroid 
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cortisol (Berglund and Lindvall, 1995; Maschke, Rupp and Hecht, 2000; Babisch, 
2003). Such changes also occur during sleep without the involvement of cortical 
structures. The amygdala has the capacity to learn due to its plasticity, particularly 
with respect to the meaning of sound stimuli (for example, danger of an approach
ing lorry) (Spreng, 2000, 2004 ). Acoustic stimulation may act as an unspecific stres
sor that arouses the autonomous nervous system and the endocrine system. The gen
eralized psychophysiological concept given by Henry and Stephens can be applied 
directly to noise-induced stress reaction (Henry, 1992). The stress mechanism as such 
is generically determined but it may be modified by experience and environmental 
factors. Its biological function is to prepare the organism to cope with a demanding 
stressor. The arousal of the sympathetic and endocrine system is associated with 
changes in physiological functions and the metabolism of the organism, including 
BP, cardiac output, blood lipids (cholesterol, triglycerides, free fatty acids, phos
phatides), carbohydrates (glucose), electrolytes (magnesium, calcium), blood clotting 
factors (thrombocyte aggregation, blood viscosity, leukocyte count) and others 
(Friedman and Rosenman, 1975; Cohen, Kessler and Underwood Gordon, 1995; 
Lundberg, 1999). In the long term, functional changes and dysregulation may occur, 
thus increasing the risk of manifest diseases. 

Fig. 4.3 shows the principal reaction schema used in epidemiological noise research 
for hypothesis testing (Babisch, 2002) . It simplifies the cause- effect chain, that is: 
sound - annoyance (noise) - physiological arousal (stress indicators) - (biological) 
risk factors - disease - and mortality (the latter is not explicitly considered in the 
graph). The mechanism works "directly" through synaptic nervous interactions and 
"indirectly" through the emotional and the cognitive perception of the sound. It 
should be noted that the "direct" pathway is relevant even at low sound levels par
ticularly during sleep, when the organism is at its nadir of arousal. The objective 
noise exposure (sound level) and the subjective noise "exposure" (annoyance) may 
serve independently as exposure variables in the statistical analyses of the relation
ship between noise and health end points. 

Principally, the effects of environmental noise cannot directly be extrapolated from 
results of occupational noise studies. The two noise environments cannot simply be 
merged into one sound energy-related dose-response model (for example, a simple 
24-hour average noise level measured with a dose-meter). Noise effects are not only 
dependent on the sound intensity but also on the frequency spectrum, the time pat
tern of the sound and the individuals' activities which are disturbed. Therefore, epi
demiological studies carried out under real-life conditions can provide the basis for 
a quantitative risk assessment provided that there is adequate control over con
founding and exposure variables. Other noise sources might act as confounders 
and/or effect modifiers on the association of interest. The effects of road traffic noise 
(at home) were shown to be stronger in subjects who were also exposed to high noise 
levels at work (Babisch et al., 1990). 

4.5.3 PREVIOUS REVIEWS ON ENVIRONMENTAL NOISE AND 
CARDIOVASCULAR RISK 

Causality in epidemiology can never be completely proven (Schlesselman, 1987; 
Christoffel and Teret, 1991; Weed, 2000). It is a gradual term for which evidence is 
increasing with the increasing number of facts. However, the magnitude of effect, the 
presence of a dose-response relationship and consistency with other studies in dif
ferent populations and with different methodology and biological p lausibility are 
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commonly accepted arguments for a causal relationship {Bradford Hill, 1965; Evans, 
1976; Morabia, 1991; Weed and Hursting, 1998). Classical, systematic and quanti
tative reviews have been published in the past, summarizing the results of studies 
that have been carried out up to the end of the last century, and assessing the evi
dence of the relationship between community noise and cardiovascular disease out
comes (Health Council of the Netherlands, 1994, 1999, 2004; Berglund and 
Lindvall, 1995; IEH, 1997; Morrell, Taylor and Lyle, 1997; Porter, Flindell and 
Berry, 1998; Babisch, 2000; Passchier-Vermeer and Passchier, 2000), including a 
classical review and synthesis report by Babisch (2000) and a systematic review 
(meta-analysis) by van Kempen et al. (2002). 

In a meta-analysis it was concluded that the risk of hypertension due to aircraft 
noise was 1.26 per increase of 5 dB{A) {95% Cl: 1.14-1.39, Lday = 55-72 dB(A)) 
(van Kempen et al. , 2002). But, only one study {Knipschild, 1977a) was consid
ered in the meta-analysis. With respect to road traffic noise and hypertension a 
pooled estimate of 0.95 per 5 dB(A) (95% Cl: 0.84-1.08, Lday = <55-80 dB(A)) 
was calculated (van Kempen et al., 2002). Two cross-sectional studies {Knipschild 
and Salle, 1979; Knipschild, Meijer and Salle, 1984) were considered in this cal
culation. The highest degree of evidence was for the association between commu
nity noise and !HD. Across the studies there was not much indication of an 
increased risk for subjects who lived in areas with a daytime average sound pres
sure level of less than 60 dB(A). For higher noise categories, however, higher risks 
were relatively consistently found amongst the studies (Babisch, 2004a). 
Statistical significance was rarely achieved. 

Some studies permit reflections on dose- response relationships. These mostly 
prospective studies suggest an increase in risk for outdoor noise levels above 
65-70 dB(A) during the daytime, the relative r isks ranging from 1.1 to 1.5. Noise 
effects were larger when mediating factors like years in residence, room orienta
tion and window-opening habits were considered in the analyses. In a meta
analys is it was concluded that the risk of !HD increased by 1.09 per 5 dB(A) of 
the road traffic noise level (95% CI: 1.05-1.13, Lday = 51-70 dB(A)) (van 
Kempen et al. , 2002), when two cross-sectional studies (Babisch et al., 1993a) 
were considered. However, the pooled estimate of two prospective studies 
(Babisch et al., 1999) was calculated to be 0.97 per 5 dB(A) (95% CI: 0.90-1.04, 
LJay = 51-70 dB(A)) (van Kempen et al., 2002). When the diagnosis of IHD was 
limited to myocardial infarction, three studies (Babisch et al. , 1999, 1994) were 
considered in this meta-ana lysis. Then the linear effect estimate was 1.03 per 5 
dB(A) increase in road traffic noise level (95% Cl: 0.99-1.09, LJay = 51-80 
dB(A)). New studies have appeared in the meantime which are included in the 
present updated review (Matsui et al., 2001; Bluhm, Nordling and Berglind, 
2001; Evans et al. , 2001; Rosenlund et al. , 2001; Belojevic and Saric-Tanaskovic, 
2002; Goto and Kaneko, 2002; Lercher et al. , 2002; Maschke, 2003; Franssen et 
al. , 2004; Matsui et al. , 2004; Niemann and Maschke, 2004; Babisch et a l. , 
2005). Others are on their way or have not yet been finalized and published, for 
instance the pan-European HYENA project (Jarup et al. , 2003). 

4.5 .4 UPDATED REVIEW OF EPIDEMIOLOGICAL STUDIES 

Sixty epidemiological studies were recognized as having either objectively or sub
jectively assessed the relationship between transportation noise and cardiovascu
lar end points. The identification of studies was based on the author's expert 
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knowledge of the topic and respective literature. Details are given in the major 
report (Babisch, 2006). Information particularly on night-time exposure (Lnight: 
22.00-06.00 or 23.00-07.00) was seldom available. Newer studies used non
weighted or weighted averages of the 24-hour exposure (Leq• Ldn• Ldenl• Some air
craft noise studies used national calculation methods (for example, Dutch Kosten 
Units). For comparisons of study results and the pooling of data (meta-analysis), 
sound levels were converted on the basis of best guess approximations to Lday 
(Matschat and Muller, 1984; Passchier-Vermeer, 1993; Bite and Bite, 2004; 
Franssen et al., 2004). Ir should be noted in chis context that doubling/halving of 
road traffic volume results in a 3 dB(A) higher/lower average sound pressure 
level. Not all studies allowed dose-response reflections because some of them 
considered very broad exposure categories. Besides objective noise measurements, 
subjective measurements of exposure have been used in some epidemiological 
noise studies, which is in accordance with the noise-stress model. Type of road 
(for example, busy street, side street, ere.), disturbances and annoyance were 
rated by the study subjects from given scales. 

4 .5.5 MEAN BP 

Table A2 of the major report (Babisch, 2006) lists the major findings of epidemi
ological traffic noise studies in which mean BP was considered as the outcome. 
It indicates mean systolic and diastolic BP differences as obtained from extreme 
group comparisons of noise exposure. The effects in children and in adults are 
discussed separately. The findings in children are difficult to interpret with 
regard to possible health risks in their later life. The effect may be of a tempo
rary nature and may not be relevant to permanent health damage. There is evi
dence during childhood (Gillman et a l. , 1992), adolescence (Yong et al. , 1993) 
and adulthood (Tate et al., 1995) that the BP level at an early age is an impor
tant predictor of the BP level at a later age. Studies over the full age range are 
missing (tracking). Growth and body weight are important factors in BP devel
opment. The impact of body size was not adequately considered in some of the 
studies. A crude hint regarding reversible effects on BP came from one study 
(Morrell et al., 2000). Results of the Munich intervention study on the effects of 
a reduction of aircraft noise have only been reported regarding cognitive per
formance but not with respect to change of BP (Hygge, Evans and Bullinger, 
2002). It was concluded from the available data on the length of exposure that 
children do not seem to adapt to high levels of road traffic noise but to some 
extent to aircraft noise (Passchier-Vermeer, 2000; Bistrup et al., 2001 ). However, 
the database appears to be too poor to draw final conclusions. Aircraft noise 
studies focused on exposure at school, while road traffic noise studies mostly 
considered noise exposure at home. The conclusions given by Evans and Lepore 
(1993) seem still to hold true: 

"We know essentially nothing about the long-term consequences of early noise 
exposure on developing cardiovascular systems. The degree of blood pressure 
elevations is small. The clinical significance of such changes in childhood blood 
pressure is difficult to determine. The ranges of blood pressure among noise
exposed children are within the normal levels and do not suggest hypertension. 
The extent of BP elevations found from chronic exposure are probably not sig
nificant for children during their youth, but could portend elevations later in life 
that might be health damaging." 
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Regarding mean BP, no consistent findings in the relationship between traffic noise 
level and mean systolic or diastolic BP can be seen in adults across the studies. In 
longitudinal studies, problems arose from migration of subjects, which had a consid
erable impact on sample size. The latter problem also applies to cross-sectional stud
ies, in general. Sensitive subjects may tend to move out of the polluted areas, which 
dilutes the effect of interest. Medication due to high BP may affect the BP readings. 
However, the exclusion of subjects with hypertension or hypertension treatment 
dilutes the true effect on BP differences, if the hypothesis (noise causes high BP) is 
true. In principle, hypotension - a fall in BP - can also be a stress reaction. All this 
makes it more reasonable to look at manifest hypertension (defined by a cut-off cri
terion) as a clinical outcome rather than at mean BP readings (Ising, 1983; Winkleby, 
Ragland and Syme, 1988). To date, there is no evidence from epidemiological data 
that community noise increases mean BP readings in the adult population. However, 
this does not discard the noise hypothesis as such. Studies suffered from insufficient 
power, narrow exposure range or other difficulties in the study design. 

4 .5.6 HYPERTENSION 

Table A3 of the major report (Babisch, 2006) gives the results of epidemiological 
traffic noise studies on the relationship between community noise level and the 
prevalence or incidence of hypertension. Hypertension in these studies was either 
defined by WHO criteria (WHO-ISH Guidelines Subcommittee, 1999), similar cri
teria based on measurements of systolic and diastolic BP, from information which 
was obtained from a clinical interview, or a social survey questionnaire about hyper
tension diagnosed by a doctor. Most studies refer to road traffic noise. However, in 
recent years some new aircraft noise studies entered the database. The subjects stud
ied were the adult male and female population, sometimes restricted to certain age 
ranges. With regard to the association between community noise and hypertension, 
the picture is heterogeneous. With respect to aircraft noise and hypertension, stud
ies consistently show higher risks in higher exposed areas. The evidence has 
improved since a previous review (Babisch, 2000). The relative risks found in four 
significantly positive studies range between 1.4 and 2.1 for subjects who live in high 
exposed areas, with approximate daytime average sound pressure level in the range 
of 60-70 dB(A) or more. Swedish studies found a relative risk of 1.6 at even lower 
levels >55 dB(A). With respect to road traffic noise, the picture remains unclear. N ew 
studies, more than older studies, tend to suggest a higher risk of hypertension in sub
jects exposed to high levels of road traffic noise, showing relative risks between 1.5 
and 3.0. However, the earlier studies cannot be negle<.:ted in the overall judgement 
process. Across all studies no consistent pattern of the relationship between commu
nity noise and prevalence of hypertension can be seen. Dose-response relationships 
were considered in new studies. Subjective ratings of noise or disturbances due to 

traffic noise seem to consistently show a positive association with prevalence of 
hypertension. The relative risks found here range from 0.8 to 2.3. These studies, 
however, are of lower validity due to principal methodological issues regarding over
reporting (Babisch et al., 2003). 

4 .5.7 IHD 

Table AS of the major report (Babisch, 2006) gives the results of cross-sectional 
epidemiological traffic noise studies on the relationship between noise level and 
prevalence of IHD. Table A6 of the major report gives the results of case-control 
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and cohort studies on the association between noise level and incidence of IHD. In 
cross-sectional studies, !HD prevalence was assessed by clinical symptoms of angi
na pe<.:roris, myocardial infarction, ECG abnormalities as defined by WHO crite
ria (Rose and Blackburn, 1968), or from self-reported questionnaires regarding 
doctor-diagnosed heart attack. In longitudinal studies, IHD incidence was assessed 
by clinical myocardial infan.:tion as obtained from hospital records, ECG measure
ments or clinical interviews. The majority of studies refer to road traffic noise. 
With regard to IHD, the evidence of an association between community noise and 
IHD risk has increased since a previous review (Babisch, 2000). There is not much 
indication of a higher IHD risk for subjects who live in areas with a daytime aver
age sound pressure level of less than 60 dB(A) across the studies. For higher noise 
categories, a higher IHD risk was relatively consistently found amongst the stud
ies. Statistical significance was rarely achieved. Some studies permit reflections on 
dose-response relationships. These mostly prospective studies suggest an increase 
in IHD risk at noise levels above 65-70 dB(A), the relative risks ranging from 1.1 
to 1.5 when the higher exposure categories were grouped together. Noise effects 
were larger when mediating factors like residence time, room orientation and win
dow-opening habits were considered in the analyses. This accounts for an induc
tion period (Rose, 2005) and improves exposure assessment. The results appear as 
consistent when subjective responses of disturbance and annoyance are consid
ered, showing relative risks ranging from 0.8 to 2. 7 111 highly 
annoyed/disturbed/affected subjects. However, these findings may be of lower 
validity due to methodological issues. 

4.5.8 MEDICATION AND DRUG CONSUMPTION 

Table A8 of the major report (Babisch, 2006) gives the results of studies on the 
relationship between drug consumption and community noise. Medication was 
primarily investigated with respect to aircraft noise. A significant prevalence ratio 
for medication with cardiovascular drugs of 1.4 was found in the sample of 
Amsterdam Schiphol Airport (Knipschild, 1977a). The results of the "drug sur
vey", where the annual data of the pharmacies regarding the purchase of cardio
vascular drugs were analysed (repeated cross-sectional survey), supported this 
finding. An increase in drug purchase over time in the exposed areas and not in 
the less exposed was found. This refers to the purchase of cardiovascular and 
antihypertensive drugs, as well as the purchase of hypnotics, sedatives and 
antacids (Knipschild and Oudshoorn, 1977). Furthermore a dependency with 
changes in night flight regulations was found (decrease after reduction of night 
flights). A large recent study around Amsterdam Schiphol Airport found only a 
slightly higher risk of self-reported medication with cardiovascular drugs, includ
ing antihypertensive drugs (relative risk 1.2), in subjects exposed to aircraft noise 
where the noise level Lden exceeded 50 dB(A) (Franssen et al., 2004). 
Dose-response relationships across noise levels (Lden = <50-65 dB(A)) with 
respe<.:t to prescribed and non-prescribed sedatives/sleeping pills were found (rel
ative risk 1.5 and 2.0, respectively) in the highest noise category of Lden = 61-65 
dB(A). The preliminary results of an ongoing aircraft noise study from Sweden 
carried out around Stockholm's airport are in line with the Dutch studies (Bluhm 
et al., 2004 ). A significant relative risk of 1.6 for the use of antihypertensive 
drugs was found in male subjects, where the noise level according to the Swedish 
calculation standard exceeded FBM = 55 dB(A). The road traffic noise studies, 
where medication/purchase of drugs was investigated also tend to show a higher 
use in higher exposed subjects (Eiff and Neus, 1980; Schulze et al., 1983; Lercher, 
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1992). The relative risk for cardiovascular drugs was 1.3 in the Bonn study and 
5 .0 in the Erfurt study. The results for other drugs including sleeping pills, seda
tives, tranquillizers and hypnotics ranged between 1.2 and 3.8 in these studies. 
All in all, the studies on the relationship between the use of medication or pur
chase of drugs and community noise support the general hypothesis of an increase 
in sleep disturbance and cardiovascular risk in noise-exposed subjects. 

4.5.9 EVALUATION OF STUDIES 

This section refers only to studies where the prevalence or the incidence of man
ifest cardiovascular diseases was considered as a potential health outcome of 
chronic exposure to environmenta l noise. The focus here is on a quantitative risk 
assessment with respect to manifest diseases. Furthermore, studies on the effects 
of low-altitude jet-fighter noise are also excluded, because this type of noise 
includes other dimensions of stress (for instance, fear). Thirty-seven studies have 
assessed the prevalence or incidence of manifest diseases, including hypertension 
and IHD (angina pectoris, myocardial infarction, ECG abnormalities). 

4.5.9.1 Criteria 
Epidemiological reasoning is largely based on the magnitude of effect estimates, 
dose-response relationships, consistency of findings, biological plausibility of the 
effects and exclusion of possible bias. Internal (the role of chance) and external 
validity (absence of bias and c.:onfounding) are important issues in the evaluation 
of studies (Bradford Hill, 1965). Analytic studies (for example, cohort or case
control studies) are usually considered as having a higher validity and credibility 
than descriptive studies (for example, cross-sectional or ecological studies) 
(Hennekens and Buring, 1987), although many of the reservations against cross
sectional studies seem to be of minor importance when considering noise. For 
example, it does not appear to be very likely that diseased subjects tend to move 
differentially more often into exposed areas. Rather the opposite may be true, if 
noise stress is recognized as a potential cause of the individual's health problem. 
Thus, a cross-sectional study design may act conservatively on the results. The 
presence of a dose-response relationship is not a necessary criterion of causality. 
Non-linear relationships, including "u-" or "j-" shaped, saturation and threshold 
effects may reflect true associations (Calabrese and Baldwin, 2003; Rockhill, 
2005). With respect to the derivation of guideline values in public health policy, 
the assessment of a dose-response relationship enables a quantitative risk assess
ment on the basis of continuous or semi-continuous (for instance 5 dB(A) cate
gories} exposure data. Dichotomous exposure data, on the other hand, that refer 
to a cut-off criterion which splits the entire exposure range into two halves, can 
be used to evaluate the hypothesis of an association (qualitative interpretation), 
but not a quantitative assessment. The objective or subjective assessment of expo
sure and/or health outcomes is an important issue when judging the validity of a 
study (Malmstrom, Sundquist and Johansson, 1999; Cartwright and Flindell, 
2000; Hatfield et al., 2001). The objective prevalence of hypertension was found 

.to be higher in a population sample than the subjective prevalence of hyperten
sion (Schulte and Otten, 1993). In a telephone survey more than half of the 
hypertensives classified themselves as normotensive (sensitivity 40% for men and 
46% for women} (Bowlin et al., 1993). In a representative health survey, the 
validity of the self-reported assessment of morbidity (subjective morbidity) was 
found to be " low" with respect to hypercholesterolaemia, "intermediate" with 
respect to angina pectoris, hypertension and stroke and "high" with respect to 
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myocardial infarction (Bormann et al., 1990). Myocardial infarction is a very def
inite and severe health outcome which subjects would clearly know about if they 
had experienced it. Its assessment by questionnaire tends to be more credible than 
that regarding hypertension. Test-retest relia bility was found to be good with 
respect to "harder" outcomes, including high BP and heart attack (Lundberg and 
Manderbacka, 1996; Lipworrh et al., 2001 ). Over-reporting, on the other hand, 
may be a source of potential bias, particularly when both exposure and outcome 
are assessed on a subjective basis (Winkleby, Ragland and Syme, 1988; Babisch 
et al., 2003). The subjects may be more prone to blame their environment for 
their health problems, or may even tend to exaggerate adverse effects or exposure 
in order to influence noise policy. Therefore, a higher credibi lity and ranking was 
given to studies where exposure and outcome were assessed objectively (for 
example sound level versus subjective ratings, and measurement of BP or a clini
cal interview versus self-reported hypertension in a self-administered question
naire). This means that the sound level must have been measured or calculated on 
the basis of the traffic counts, and clinical interviews or measurements must have 
been carried out by medically trained personnel (no self-administered question
naire data) to give a study a high ranking. Studies which have been adequately 
controlled (for instance stratification, model adjustment (regression), matching) 
for a reasonable set of confounding variables in the statistical analyses, besides 
age and sex, were given a high ranking. 

4.5.9.2 Assessment 
The evaluation com;erning the epidemiological studies was made with respect to 
the identification of good quality studies that can be feasibly considered for the 
derivation of guideline values. These studies can either be used for a statistical 
meta-analysis, for a combined interpretation (synthesis) or for singular interpreta
tions. All the studies were evaluated with respect to the following criteria for inclu
sion or exclusion in t he synthesis process. Necessary criteria were: ( 1) peer
reviewed in the international literature; (2) reasonable control of possible con
founding; (3) objective assessment of exposure; (4) objective assessment of out
come; (5) type of study; and (6) dose-response assessment. All six criteria were ful
filled by the two prospective cohort studies carried out in Caerphilly and Speedwell 
(Babisch et al., 1999; Babisch, Ising and Gallacher, 2003), the two prospective case
control studies carried out in the western part of Berlin ("Berlin I" and "Berlin II ") 
(Babisch et al., 1992, 1994), and the new prospective case-control study carried out 
in the whole of Berlin ("NaRoMI" = "Berlin III") (Babisch, 2004b; Babisch et al., 
2005). The studies refer to road traffic noise and the incidence of myocardial 
infarction. They were a lso the only ones considered in an earlier meta-analysis on 
this issue (van Kempen et al., 2002), with the exception of the "NaRoMI" study, 
which was not available at that time. All these st11dies are observational analytic 
studies (Hennekens and Buring, 1987). If descriptive studies on individuals - name
ly cross-sectional studies - are a llowed, another two studies from Caerphilly and 
Speedwell on the association between road traffic noise and the prevalence of !HD, 
myocardial infarction and angina pectoris can be taken into account (Babisch et al., 
1988, 1993a, 19936). These studies were also considered in the meta-analysis by 
van Kempen et al. (2002). However, the results of the Berlin study on the preva
lence of myocardial infarction (Babisch et al., 1994) - which was also considered 
in that meta-analysis - are not considered here, because the outcome was assessed 
subjectively with a self-administered questionnaire (an exclusion criterion). All the 
studies suggest an increase in !HD, in particular myocardial infarction. These stud
ies are used for a new meta-analysis (section 4.5.10). 
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Regarding aircraft noise, the cross-sectional Okinawa study (M atsui et al. , 2001; 
Matsui et al., 2004) on the association between a ircraft noise and hypertension 
fulfils the indusion criteria. When studies are induded that <li<l not assess 
dose-response relationships but only compared dichotomous categories of expo
sure in the analyses, two more studies appear on the list. The studies were carried 
out in the vicinity of Amsterdam Schiphol Airport. They suggest a higher risk of 
cardiovascular diseases in general (Knipschild, 19776), and - specifically - for 
hypertension and !HD (angina pectoris, ECG abnormalities, heart trouble) 
(Knipschild, 1977a) in subjects from areas exposed to high aircraft noise. These 
studies were considered in the meta-analysis by van Kempen et al. (2002). 
H owever, they do not fulfil the strict criteria set here. Finally, if the inclusion cri
teria are widened to include peer-reviewed studies that assessed dose- response 
relationships between objective indicators of exposure and the subject ive (self
reported) prevalence of diseases, a further two studies can be considered. These 
are the cross-sectional study carried out in Stockholm regarding the association 
between aircraft noise and hypertension (Rosenlund et al., 2001 ), and the cross
sectional part of the study in Berl in rega rding the association between road traf
fic noise and myocardial infarction (Babisch et al. , 1994). Fig. 4.4 shows the 
results of the three aircraft noise studies carried out in Amsterdam, Okinawa and 
Stockholm (Knipschild, 1977a; Rosenlund et a l. , 2001; Matsui et al. , 2004). The 
graph clearly indicates that the results are too heterogeneous to derive a pooled 
dose-response curve. However, all three studies show an increase in risk with 
increasing noise level. 

Studies that are not given a high ranking according to the above mentioned cri
teria, however, may serve as additional sources of information to support the evi
dence of the conclusions being made on the basis of this review. This is illustrat
ed in Fig. 4.5. The entries are relative risks (centre of the bars) with 95% confi 
dence intervals (the bars) for dichotomous comparisons of noise exposure 
(extreme groups or high vs. low). A relative consistent shift of the bars to relative 
risks greater than 1 can be seen. The dark-shaded bars in the diagram refer to 
studies where the noise exposure was determined objectively (noise levels), the 
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light-shaded bars where it was determined subjectively (annoyance). Road traffic 
and aircraft noise studies are here viewed together. No corresponding results are 
available for rail traffic studies. If different subgroups of the population 
(males/females) or different health end points were taken into account, specific 
studies appear more than once in the illustration. 
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Fig. 4.5 
Results of 
epidemiological studies 
on t he association 
between traffic noise 
and lschaemic heart 
disease 

Captio,,s: sex: 
f = female, 
m = male; 
noise measurement: 
o = objective (sound level), 
dark-shaded beam; 
s = subjective (annoyance), 
light-shaded beam; 
type of noise: 
a = aircraft noise; 
r = road traffic noise; 
ischaemic heart disease: 
e = ECG-ischaemic signs, 
h = heart complaints, 
j = ischaemic heart disease, 
p = angina pectoris, 
v = cardiovascular complaints 
in general, y = heart attack. 

Source: Babisch, 2002, 
modified according to the 
results of Babisch, 2004b. 
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4 .5.10 DOSE-RESPONSE CURVE: META-ANALYSIS 

For a quantitative risk assessment and the derivation of guidelines for public health 
noise policy a common dose-response curve is required. The risk estimates obtained 
from different noise studies can be summarized using the statistical approach of a 
meta-analysis. Based on the judgement criteria discussed in section 4.5.9.2, five ana
lytic and two descriptive studies emerged that can be used to derive a common 
dose-response curve for the association between road traffic noise and the risk of 
myocardial infarction. Two separate meta-analyses were made by considering the 
analytic studies that were carried out in Caerphilly and Speedwell (cohort studies) 
and Berlin (case-control studies) on the one hand, and the descriptive studies that 
were carried out in Caerphilly and Speedwell (cross-sectional studies} on the other 
hand. It turned out, as a result of the evaluation, that all these studies referred co 
road traffic noise during the day {Lday: 06.00- 22.00) and the incidence or prevalence 
of myocardial infarction as the outcome. Study subjects were men. In a ll analytic 
studies the orientation of rooms was considered for the exposure assessment {facing 
the street or not}. With respect to the Caerphilly and Speedwell studies, the six years 
of pooled follow-up data provided the respective information. In all descriptive stud
ies the traffic noise level referred to the facades that were facing the street and did 
not consider the orientation of rooms/windows. All individual effect estimates were 
adjusted for the covariates considered in each of the studies. Different sets of covari
ates were considered in each study. However, this pragmatic approach accounts best 
for possible confounding in each study and provides the most reliable effect esti
mates derived from each study. The concept of meta-analysis was used to aggregate 
and summarize the findings of the different studies {Olkin, 1995; Blettner et al., 
1999). The program "meta" was downloaded from the "STATA" web site for use in 
the statistical package STATA (version 8.0), and for calculating the pooled random 
effect estimates. 

Table 4.2 
Single and pooled (meta-analysis) effect estimates (odds ratios and 95% confidence intervals) of 

descriptive and analytic studies on the relationship between road traffic noise level (Ldayl and the 
incidence/prevalence of myocardial infarction 

Oescrfptfve 
studies 

Caerphllly 

Speedwell 

Pooled 

Q-Tesl 
~trtlc 
studies 
Caerph!lly • 
Speedwell 

B• rtlnl 

Bertin II 

S.r11nlll 

Pooled 

Q-Test 

Road traffic noise level • Lu. [dB{A)I 

51-55 - 11.fiS 68-70 

1.00 1.00 (0 .58 - l. 71), (13.29) 0.90 (0. 5, - 1. U) , (17 . 23) l.22 (0 . 6 3- 2 . 35),( 8 . HJ 

1.00 1 . 02 (0 .5'1•l .83), {11.19] 1.22 (0 . 70-2.21), [12.62) 1 .0 '1 (0.59-1.94), (10.94) 

1.00 1.01 (0.68-1.50) l.02 (012-1.'1 ) l.U (0. 73-1. 76) 

pz0.96 p • O.H p• 0.17 

60 61-65 68-70 71.75 711-80 

1.00 0 . 65 (0.27- 1.57) , ( 4 . 95] 1.18 (0.74-l.89), [17.48] --- ---
1.00 1. 48 {0.57-3.851,( 4 .21) 1.19 (0.49- 2.81), { 4.94] 1.25 (0.4l - 3. 81), [ 3.09] l. 76 (0.11- 28.5) , [0.50) 

1.00 1. 16 (0.82- 1.651 ,(31. U ) 0 . 94 (0. 62-1 . 42), (22 . 16) 1.07 (0. 68-1. 68) , {18. 92] 1.46 (0 . 11-2. 78) , [9 .27) 

1.00 1 . 01 (0. 77-1.321 , [54. 42) 1.13 (0.86-1.0), (50 . 87) 1.27 (0 .88-1. 94) , (28 .24] ---
1.00 1.05 (0,86-1.29) 1.09 (0 . 90-1 . 34) 1.19 (0.90-1.57) 1.41 (0 . 79-2. 76) 

p• 0.57 p z0.87 p ;;0 . 84 p=O . 90 

Table 4.2 shows individual and pooled effect estimates with confidence interva ls 
{rounded brackets), statistical weights (square brackets) for the individual studies, 
and the Q-test of heterogeneity between studies. According to the Q-test, the nil 
hypothesis of non-heterogeneity was never discarded. Figs 4.6 and 4. 7 show odds 
ratios of individual studies and the pooled estimates for the descriptive and analytic 
studies. 
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Fig. 4.6 and Fig. 4.7 
Single and pooled effect estimates (odds ratios) for the descriptive and analytic studies 
of the association between road traffic noise level and the prevalence (left graph) and 
incidence (right graph), respectively, of myocardial infarction 
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Support for any noise-effect relationship may come from subgroup analyses that are 
in line with the noise hypothesis. This refers to effect modification with respect to 
residence time, window-opening behaviour and other determinants that affect the 
noise exposure and cumulative noise dose. In the Amsterdam aircraft noise studies, 
a steady increase in the purchase of cardiovascular and antihypertensive drugs at 
local pharmacies was found over the period of eight years in a community newly 
exposed to aircraft noise. No such increase was found in a control community that 
was not exposed to aircraft noise (Knipschild and Oudshoorn, 1977). Positive asso
ciations between the prevalence of cardiovascular diseases and residence time in 
exposed areas (but not in unexposed) were also found in the road traffic noise stud
ies carried out in Bonn with respect to hypertension (Eiff and Neus, 1980; Neus et 
al., 1983) and in Caerphilly and Speedwell with respect to IHD (Babisch et al., 1999; 
Babisch, Ising and Gallacher, 2003). When the analyses of the road traffic noise stud
ies carried out in Berlin, Caerphilly and Speedwell were restricted to subjects who 
had not moved within a retrospective period of 10-15 years, the effect estimates 
turned out to be larger than for the total samples of each study (Babisch et al., 1994, 
1999, 2005). Similarly, a larger effect was found in the study in Sollentuna with 
respect to hypertension (Bluhm, Nordling and Berglind, 2001). No such effect was 
found in the Lubeck study (Hense, Herbold and Honig, 1989; Herbold, Hense and 
Keil, 1989). The cross-sectional data of the study carried out in Los Angeles on chil
dren regarding mean BP indicated some habituation to aircraft noise (Cohen et al., 
1980). The longer the children were enrolled in the school, the smaller was the dif
ference in BP between exposed and non-exposed children. 

However, the follow-up study suggested that this may also be an effect of attrition 
(Cohen et al., 1981). The longer the families experienced the noise, the more likely 
that they moved away from the exposed areas (selection bias). In contradiction to 
this, BP differences between children exposed and not exposed to road traffic noise 
increased with school grade (Karsdorf and Klappach, 1968). Intervention studies 
were conducted with respect to changes in BP and changes in air traffic operation 
(for example the opening/closing of airports or runways). In the Munich study, a 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006656

ADMINISTRATIVE RECORD - Scan 2 - Page 29 of 81

- Page 1830 -



IIZI EFFECTS ON HEALTH 

larger increase in BP was found in children from a noisy area (Evans, Bullinger and 
Hygge, 1998). Other studies suggested reversible effects on BP when the exposure 
was lowereJ (Wolke et al., 1990; Morrell et al. , 1998, 2000). In the Tyrol study, sig
nificantly lower BP readings were found in subjects who kept the windows closed 
throughout the night (Lercher and Kofler, 1993, 1996). When the subjects lived close 
to the highway (within a distance of approximately 500 metres), the prevalence of 
hypertension was higher in subjects whose bedroom was facing the main road than 
in those whose bedroom was not facing the main road. The orienta tion of rooms and 
window opening was also found to be an effect modifier of the association between 
road traffic noise and IHD in the Caerphilly and Speedwell studies (Babisch et al. , 
1999). The relative risk with respect to the noise level was slightly higher in subjects 
with rooms facing the street and subjects keeping the winJows usually open when 
spending time in the room. A much greater relative risk of hypertension was found 
in subjects who slept with open bedroom windows in the Spandau Health Survey 
(Maschke, 2003; Maschke, Wolf and Leitmann, 2003). Hearing impairment was 
found to be an effect modifier on the association between aircraft noise and hyper
tension (Rosenlund et al. , 2001 ). Amongst the exposed subjects, a higher risk asso
ciated with the noise was only found in subjects without hearing loss. 

4 .5.12 EXPOSURE DURING THE NIGHT 

Unfortunately, epidemiological noise research provides nearly no information 
regarJing the particular impact of noise exposure during the night on cardiovas
cular health outcomes. The Spandau Hea lth Survey explicitly distinguished 
between the exposure of the living room (during the day) and the exposure of the 
bedroom (during the night). There, a slightly higher relative risk of hypertension 
was found with respect to the traffic noise level during the night (relative risk 1.9 
vs. 1.5) compared with the noise level during the day (Maschke, 2003; M aschke, 
Wolf and Leitmann, 2003). Furthermore, sleeping with open bedroom windows 
was associated with a large increase in risk. However, due to the small sample 
size, the confidence intervals were very large. In the drug survey of the 
Amsterdam aircraft noise studies, a steady increase in purchase of hypnotics 
(sleeping pills) and sedatives was found (Knipschild and Oudshoorn, 1977). This 
trend decreased considera bly when night flights were largely banned. Such a 
decrease was not found regarding cardiovascular drugs for which the purchase 
also increased over time. However, this may partly be due to the fact that ather
osclerotic manifestations of high BP were less reversible (in contrast to vasocon
striction, which is more related to acute or semi-acute effects, for instance in chil
dren). It was mentioned in the previous section that closing the windows had a 
protective effect on BP readings in the Tyrol study (Lercher and Kofler, 1993). 
This was only found regarding closing the windows during the night and not dur
ing the day. Furthermore, subjects who had switched the bedroom and the living 
room because of the noise had a significantly lower BP than those who did nor 
do so. The find ings are discussed in a broader context of coping strategies 
(Lercher, 1996). When subjective responses to community noise were considered, 
higher relative risks of cardiovascula r diseases were found for noise-related dis
turbances of sleep and relaxation, rather than for other disturbances or subjective 
descriptors of noise exposure, which did not refer to the night-rime. This was 
found in the Caerphilly and Speedwell studies (Babisch, Ising and Gallacher, 
2003), the NaRoMI study (Babisch et al. , 2005), the Spanda u Health Survey 
(Maschke, Wolf and Leitmann, 2003) and a general population sample of 
Germany (Bellach et a l. , 1995). The LARES study (Niemann and Maschke, 
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2004), in which noise-induced sleep disturbance was assessed, did not show a 
higher relative risk compared with the general annoyance. 

4.5.13 RISK GROUPS 

Most epidemiological noise studies looked at the cardiovascular effects of communi
ty noise in men. This may simply be due to the fact that the prevalence of cardiovas
cular diseases in middle-aged subjects is higher in men than in women. Statistical 
power is an important issue for the design of a study. Furthermore, in noise experi
ments, physiological reactions controlled by the autonomic nervous system were less 
pronounced in females than in males (Neus et al., 1980; Ising and Braun, 2000). 
Improper control for possible differential effects of the intake of sex hormones, 
including contraceptives, which may prevent or promote adverse (noise) stress effects, 
may act conservatively on the results (Cairns et al., 1985; Eiff, 1993; Farley et al., 
1998). The studies carried out in Lubeck {Hense, Herbold and Honig, 1989; Herbold, 
Hense and Keil, 1989), Pancevo (Belojevic and Saric-Tanaskovic, 2002), Berlin 
{Babisch et al., 2005), Stockholm (Rosenlund et al., 2001), a German population 
sample {Bellach et al., 1995), Bonn (residence time) {Eiff and Neus, 1980; Eiff et al., 
19816) and in Amsterdam {angina pectoris) (Knipschild, 1977a) found higher preva
lences of hypertension, IHD and the use of cardiovascular drugs in noise-exposed men 
than in women. The studies carried out in Bonn (sound level} {Eiff and Neus, 1980; 
Eiff et al., 19816), Sollentuna and Amsterdam {heart trouble) (Knipschild, 1977a; 
Bluhm, Nordling and Berglind, 2001) found the opposite. In the studies carried out 
in the former Soviet Union, it was reported that noise effects on the cardiovascular 
system were more pronounced in young and middle-aged subjects {Karagodina et al., 
1969). Swedish noise studies (Bluhm, Nordling and Berglind, 2001, 2004) and the 
LARES study {Niemann and Maschke, 2004) found similar results. The opposite 
{larger effects in elderly subjects) was reported from the Amsterdam study 
{Knipschild, 1977a) and the Stockholm study {Rosenlund et al., 2001). The available 
database on cardiovascular effects of noise in children is poor. No data are available 
that refer, in particular, to noise and sleep. The quantitative impact of transportation 
noise on the cardiovascular system is still a matter of research. A quantitative health 
risk assessment for children cannot be made at the moment. 

Based on the available information from noise studies, it must be concluded that 
children do not appear to be a particular risk group with respect to cardiovascular 
outcomes, especially BP. This does not mean that the literature does not suggest high
er BP readings in children. It only means that the effect in children does not appear 
to be different than that in adults. However, children may be exposed longer to noise 
throughout their lifetime than the adults that have been studied. No long-term fol
low-up studies are known that focus on noise exposure. Most studies on children 
considered noise in schools rather than noise at home, which implies different mech
a nisms about how noise could contribute to a rise in BP {raised effort in learn
ing/speech perception vs. disturbed relaxation/sleep). The prospective part of the 
Caerphilly and Speedwell studies gave a small hint that health status could be a mod
ifying factor. In subjects with prevalent chronic diseases, road traffic noise was asso
ciated with a slightly larger increase in the incidence {new cases) of IHD than in sub
jects without prevalent diseases - when the objective noise level was considered 
(Babisch et al. , 2003). Surprisingly, when annoyance and disturbances due to traffic 
noise were considered for exposure, the opposite was found. Noise effe<.:ts were only 
seen in subjects without prevalent diseases. This was discussed with respect to 
reporting bias. 
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4.5.14 RISK EVALUATION 

The process of risk assessment (risk evaluation) comprises hazard identification 
("Which health outcome is relevant for the exposure?"), exposure assessment 
("H ow many are affected?") and dose- response assessment (" threshold of 
effect"), This information is summarized in "risk characterization" ("health haz
ard characterization ") . It involves the interpretation of the ava ila ble evidence 
from the availa ble data and other scientific disciplines, and is subject to discus
sion of the uncertainties. These include chance, bias and validity of studies as well 
as transparency, replica bility and comprehensiveness of reviews. As a result of the 
risk evaluation process, a quantitative estimate about the likelihood that the haz
ard will affect exposed people will be derived. Usually, attributable risk percent
ages are calculated (Walter, 1998). This will serve as key information for any kind 
of risk management including regulatory options (Jasanoff, 1993). The term 
"adverse" is essential in this context of environmental standard setting. Risk 
management should ensure that "adverse" health effects do nor occur. The fact 
that an organism responds to noise does not have to be per se "adverse". The 
severity of a health outcome is an important determinant of the adversity of an 
effect and implies variable action levels for public health policy (Babisch, 2002, 
2004a; Griefahn et a l. , 2002; Health Council of the Netherlands, 2003). Since 
considerable parts of the population are exposed to high noise levels (EEA, 
2004), noise policy can have a significant impact on public health (Neus and 
Boikat, 2000). Due to the increasing number of people affected with the decreas
ing severity o f the effect, even small individual risks and less severe health out
comes can be relevant for public health and decision-making. It has been shown 
that moderate noise exposures implying a small individual risk may cause more 
noise- induced cases of health-impaired subjects than higher noise exposures. 
Franssen et al. (2004) pointed out that the number of people suffering from poor 
health due to aircraft noise is dominated by the larger number of people that is 
exposed to relatively moderate-to-low noise levels and not by those exposed to 
high noise levels. This means that more emphasis should be put on the reduction 
of noise in moderately exposed areas. However, public health policy cannot only 
consider population attributable risks (risk percentages), but must also consider 
individual risks (lifetime risk). 

In practice, it seems to be reasonable that noise policy should reduce noise, begin
ning with the highest exposures and ending with the lowest ones. Decision-mak
ing will have to find common standa rds of acceptable risks, which may vary 
according to the cost-benefit considerations within and between communities 
and countries. Such practical standards may, however, vary due to economic 
development and abilities, cost-benefit considerations and priority settings of a 
community or country. Health quality targets derived from scientific research are 
usually intended to minimize risks; decision-making in the political process is 
only partly scientifically based due to economic limitations and concurring inter
ests (Nijland et al., 2003). Different health outcomes or indicators of well -being 
and quality of life imply different action levels. Environment and health policy 
must determine acceptable noise standards that consider the whole spectrum 
from subjecti ve well-being to somatic health (for example annoyance, physiolog
ical arousal, health risk). T he evidence for a causal relationship between commu
nity or transportation noise and cardiovascular r isk appears to have increased 
over recent years due to new studies that accomplish the database. 
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4.5.15 CONCLUSIONS 

The evaluation process used in this paper considered the "necessary" criteria: peer
reviewed publication in an international journal, reasonable quantitative control of pos
sible confounding, objective assessment of exposure and outcome, type of study (analyt
ic vs. descriptive), and dose-response assessment (not only dichotomous "high" vs. 
" low"). The approach differs from that of an earlier meta-analysis (van Kempen et al., 
2002) in that there regression coefficients were calculated for the entire dose-response 
curve within a single study (for instance the increase in risk per 5 dB(A) ), which were then 
pooled between studies. Since higher exposure categories usually consist of smaller num
bers of subjects than the lower categories, regression coefficients across noise levels tend 
to be influenced by the lower categories. This may lead to an underestimation of the risk 
in higher noise categories. The approach presented here pooled the effect estimates of sin
gle studies within each noise category, thus giving more weight to the higher noise cate
gories and accounting for possible non-linear associations. 

Fig. 4.8 and Fig. 4.9 
Pooled effect estimates (meta analysis} of descriptive and analytic noise studies of the 
association between road traffic noise level and the prevalence (left graph) and Incidence 
(right graph}, respectively, of myocardial infarction (odds ratio ± 95% confidence interval) . 
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Fig. 4 .8 and Fig. 4.9 show the two risk curves for descriptive and analytic studies 
(Hennekens and Buring, 1987). The graphs show the pooled effect estimates (odds 
ratios) and the 95% confidence intervals for each noise category. Whereas the cross
sectional studies (Fig. 4.9) cover the sound level range of Lday from >50 to 70 dB(A), 
the cohort and case-control studies (Fig. 4.8) cover the range from :S:60 to 80 dB(A). 
Both curves together can serve as a basis for a quantitative risk assessment. From 
Fig. 4.8 it can be seen that below 60 dB(A) for Lday no noticeable increase in risk of 
myocardial infarction is to be detected. Therefore for the time being, Lday = 60 dB(A) 
can be seen as NOAEL (no observed adverse effect level) for the relationship 
between road traffic noise and myocardial infarction (Babisch, 2002). For noise lev
els greater than 60 dB(A), the risk of myocardial infarction increases continuously, 
and is greater than 1.2 for noise levels of 70 dB(A). This can be seen in Fig. 4.9. It 
should be mentioned that the risk estimates, in general, were found to be higher in 
subjects that had lived in. the exposed areas for a longer time (Babisch et al. , 1994, 
1999, 2005). This is in accordance with the noise hypothesis and the effects of 
chronic noise stress (Lercher and Kofler, 1996; Thompson, 1997). However, for the 
calculation of population attributable risks the figures for the whole population are 
relevant due to unknown information about residence time. 
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No particular risk groups could be identified on the basis of epidemiological research on 
cardiovascular effects of community noise. The assessment of dose-effect relationships 
sometimes suggested a cut-off level, above which the risk tends to increase. From a bio
logical point of view, one would expect a continuous increase in risk with increasing noise 
level. However, adaptation, habituation and coping may be reasons for an empirical 
threshold of effect. Decisions with respect to guideline values usually refer to a quantita
tive risk assessment of populations (for example population attributable risk percentage). 
However, prevention strategies - for ethical reasons - should not ignore the individual 
risks of highly exposed subjects, even if their number may be small. 

With respect to night noise exposure, nearly no information is available from epidemio
logical studies on the cardiovascular effects of long-term noise exposure of the bedroom 
during the night. Only one study distinguished between the exposures of the bedroom and 
the living room in the statistical analyses (Maschke, Wolf and Leitmann, 2003). The 
results suggested slightly higher effect estimates for the prevalence of hypertension with 
respect to the noise exposure of the bedroom (during the night) compared with the expo
sure of the living room (during the day). H owever, the difference was small (odds ration 
1.9 vs. 1.5), which means that it still remains an open question whether the night expo
sure or the overall exposure throughout the whole day is the driving force. The study has 
some methodological limitations that were addressed in the summary of the major tech
nical report and in a recent advisory report of the Health Council of the N etherlands 
(2004). They are mainly concerned with the fact that the study population consisted of a 
selected, predominantly older and health conscious group of persons that might have 
already suffered from regular health problems (risk group). A few studies that looked at 
the association between subjective responses to community noise and cardiovascular out
comes suggest a closer relationship with sleep-related annoyance/disturbance reaction 
rather than with non-sleep-related annoyance/disturbance (Bellach et al., 1995; Babisch et 
al., 1999, 2005; Maschke, Wolf and Leitmann, 2003; Niemann and M aschke, 2004). 
Closing the bedroom window or, vice versa, sleeping with the bedroom window open, was 
associated with a lower or higher risk, respectively (Lercher, 1996). The same was found 
with respect to changing the bedroom to the living room because of noise. These findings 
may indicate that night-time noise may be more a determinant of noise-induced cardio
vascular effects than daytime exposure. However, daytime activity patterns and expecta
tions of the individuals are much more inhomogeneous than during the night, which tends 
to dilute the statistical association of true effects with the day noise exposure. 

Given the situation that only a few data are available from epidemiological studies with 
respect to effects on sleep (exposure of the bedroom during the night), there does not 
seem to be any other way of reasoning than inferring night noise recommendations or 
guidelines from the results of studies that refer to noise exposure during the daytime peri
od (Ldayl or the whole day (Ldn• L24h). Lden• in this context, appears to be a useful noise 
indicator for decision-making and regulatory purposes. Penalties of 5 dB(A) and 10 
dB(A) are usually given to the evening period and the night period, respectively. It can be 
used for noise mapping and refers normally to the most exposed facade, which incorpo
rates a certain degree of exposure misclassification regarding cause-effect relationships. 
This weighted indicator was introduced to assess the relationship between sound level 
and noise annoyance (European Commission, 2002a). However, it may not be adequate 
for research into (somatic) health-related noise effects. Non-weighted separate exposure 
indicators, such as Lday• Levening or Lnighr, may be more appropriate when assessing phys
iological responses to the noise. In urban settings, night-time average noise levels 
(22.00-06.00) for road traffic tend to be approximately 7-10 dB(A) lower than daytime 
average noise levels - relatively independent (no freeways) of the traffic volume of the 
street (Utley, 1985; Ullrich, 1998; Evans et al., 2001). In such cases, Lden is approximate-
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ly 2-3 dB(A) higher than Lday (Bite and Bite, 2004). Therefore, in epidemiological stud
ies in which the relative effects of road traffic noise are studied, the sound emission dur
ing the daytime can as well be viewed as an approximate relative measure of the overall 
sound emission including the night. This seems to be further justified because existing 
noise regulations usually consider a 10 dB(A) difference between the day and the night. 
The NOAEL of 60 dB(A) for Lday corresponds, in this respe<.:t, with 50 dB(A} for Lnight· 
This approximation can only be made with respect to road traffic noise. 

Aircraft noise has been less intensively studied in noise epidemiology. The studies focused 
on high BP. Dose-response curves were hardly considered. A large European study on the 
association between aircraft noise and road traffic noise on BP is currently being conduct
ed Oarup et al., 2003). Regarding aircraft noise - and particularly the ongoing debate on 
night flight restrictions in the vicinity of busy airports - no other alternative exists at pres
ent than to take the myocardial infarction risk curves derived from road traffic noise 
studies as an approximate for aircraft noise. Since aircraft noise acts on all sides of a 
building, that is, different to road traffic noise, the suspicion exists that the effects induced 
by aircraft noise could be greater than those induced by road traffic (Ortscheid and 
Wende, 2000; Babisch, 2004a). This may be due to the lack of evasive possibilities with
in the home and the greater annoyance reactions to aircraft noise, which are usually 
expressed in social surveys (Miedema and Vos, 1998). More research is needed regard
ing the association between aircraft noise and cardiovascular end points. 

This section is clearly focused on ill health as an outcome of the adverse effect of noise. 
A common dose-effect curve for the relationship between road traffic noise (outdoors) 
and the risk of myocardial infarction was developed. This curve can be used for a quan
titative risk assessment and the calculation of attributable cases in a community. 
However, decisions regarding limit values have to be made within the spectrum between 
discomfort (annoyance} and ill health (disease) (Lindstrom, 1992; Babisch, 2002). 
Whereas quality targets at the lower end of the effects scale may be more flexible, qual
ity targets at the upper end may be more obligatory. For example, for ethical reasons 
(equality principle} it does not seem to be justified if (ill) health-based limit values are var
ied according to the type of living area as expressed in land development plans (for exam
ple residential, mixed or commercial). 

4.6 INSOMNIA 
A group of Japanese researchers carried out a questionnaire-based survey of 3600 adult 
Japanese women (aged between 20 and 80) to gather information about the factors that 
contribute to insomnia (Kageyama et al., 1997). Some 11 % of subjects were found to be 
affected by insomnia (as defined on the basis of WHO's International Statistical 
Classification and Related Health Problems, 10th revision - ICDlO}. Analysis of the sur
vey data took account of various distorting variables, such as age, number of (small) chil
dren in the family, social status, receipt of medical treatment, regularity of bedtimes, 
apnoea-like problems and serious unpleasant experiences in the six months prior to com
pleting the questionnaire. When the percentage of insomniacs in each of the three areas 
with the highest exposures was compared with the percentage in the low-exposure areas, 
the ratios worked out at, respectively, 1.4 (2100 vehicles per hour, Lnight of around 65 
dB(A)), 2.1 (2400 vehicles per hour, Lnight of around 67 dB(A)) and 2.8 (6000 vehicles per 
hour, Lnight of around 70 dB(A)). The most frequently reported problem was difficulty get
ting to sleep. 
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Research into the effects of exposure to air and road traffic noise has shown that increas
es in night-time noise exposure or in noise exposure Juring the sleep latency period have 
a statistically significant adverse impact on subjects' ability to get off to sleep and on sleep 
inception periods. 

4.7 EFFECTS ON PERFORMANCE 

4.7.1 COGNITION AND SWS 

Jan Born and co-workers at the University of Lubeck (Wagner, Gais anJ Born, 2001; 
Benedict et al., 2004; Born and Wagner, 2004; Gais and Born, 2004; Drosopoulos, 
Wagner and Born, 2005) have reported interesting research and put forward intriguing 
hypotheses on the relation between noise exposure, sleep loss and subsequent cognitive 
performance. They conclude that declarative memory benefits mainly from sleep peri
ods dominated by SWS, while there is no consistent benefit for this memory from peri
ods rich in REM sleep. This points to the importance of SWS for dedarative memory. 

Since sleep in the early night is dominated by SWS, in contrast to late night when REM 
sleep dominates, this would imply that noise in the early night, for example aircraft 
noise before midnight, would be particularly damaging to memory and related cogni
tive functions. However, this implication has not yet been explicitly tested. That is, there 
seems to be a certain risk for impoverished memory due to noise in the early night, but 
there is as yet no graded quantification about whether ordinary pre-midnight noise lev
els around large airports are sufficient to make a difference to SWS. We also lack grad
eJ quantification about the relationship between impoverished SWS and the resulting 
effect on different aspects of declarative memory. 

Thus, in terms of Fig. 1.1 we have evidence for the arrow marked (b), but we do not 
have enough information to say whether the strength of arrow (a) is sufficient to cause 
reduced SWS in field settings. 

Furthermore, since children's memory systems pass through developmental changes and 
are not structured in the same way as for adults, it would be interesting to know to what 
extent the Born group results are also valid for children, and whether the depth of chil
dren's sleep counteracts or enhances SWS dominance in the early night. 

4.7.2 COMPARING DAYTIME AND NIGHT-TIME NOISE 
EXPOSURE 

As implied by Fig. 1.1, the relation between noise exposure and resulting effects on 
cognition should be analysed somewhat differently depending on whether the noise 
exposure takes place during the day or night. Analysing the cognitive effects of day
time noise exposure is fairly straightforward. For night-time noise exposure, howev
er, any effects on cognition can either be a more or less direct effect of the noise 
exposure, or an indirect effect mediated by reduced sleep or sleep quality. 

Also, comparing, for example, memory and learning functions when exposed to 
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night-time noise, in contrast to daytime noise, shifts the focus of analysis away from 
encoding (in memory) or acquisition (in learning) while experiencing noise, to a 
focus on storing the material to be remembered or learnt while asleep (compare to 
daytime noise effects on cognition as reported by Hygge, Evans and Bullinger, 2002; 
Stansfeld et al., 2005). Thus, assuming that people are mainly asleep at night, all cog
nitive work that relies on the intake of information, listening or reading is not relevant. 
In all, this suggests that studies of daytime noise levels cannot be used much to give 
rough estimates of the effects of night-time exposure. 

4.7.3 COMPARING CHILDREN AND ADULTS 

How far can effects of daytime noise levels on children be generalized to give a rough 
estimate of the effects on adults? Are children more sensitive? Judging from earlier day
time studies of children and adults doing the same cognitive tasks while exposed to noise, 
children are not more sensitive than adults to noise (Boman, Enmarker and Hygge, 
2004), but they perform at a lower level than the adults both in noisy and in quiet envi
ronments. Thus, it could be said that children are not more vulnerable to (daytime) noise 
in relation to cognitive performance, but since so much more cognitive work is expected 
from children while in school, their learning environment and their cognitive tasks can 
be said to be more noise vulnerable than corresponding environments for adults. 

4.7.4 NOISE AND AFTER-EFFECTS 

An argument can be made for noise as a stressor leading to reduced motivation 
(Glass and Singer, 1972), which in turn may act as a mediator of impaired cognitive 
performance. Along this line of reasoning, night-time noise may be more potent in 
inducing reduced motivation than daytime noise, but for the time being this is only 
a conjecture and has nor been tested. 

4. 7. 4.1 The role of restoration 
Noise can be viewed both as a source of stressful demands and as a constraint on 
restoration. Noise levels and noise sources that are not by themselves particularly 
demanding during the waking hours of the day, may nevertheless be quite effective 
in blocking and constraining when they appear in periods meant to be restorative, 
such as sleep {Hartig, 2004). To what extent this idea is applicable to night-time 
noise exposure has not yet been explored. 

4.7.4.2 Noise and communication 
Some of the difficulties with children's responses to noise are related to problems in 
speech perception. A metric that weights night-rime exposure more heavily is, in fact, 
less useful since children's auditory processing with parents and teachers is obvious
ly more critical during waking hours. 

4.8 EFFECTS ON PSYCHIC DISORDERS 
Noise exposure at night may be more disturbing than daytime noise because it inter
feres with rest and sleep at a time when people want to relax. It seems plausible that 
night-time noise might have a particular effect on mental health. However, there is lit-
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tie direct research into night-time noise and mental health and it is first necessary to 
consider the evidence for environmental noise and mental health in general. The asso
ciation between noise and mental health has been examined using a variety of out
comes including (at the simplest level) individual symptoms, as well as psychiatric hos
pital admission rates, use of health services and psychotropic medication, and commu
nity surveys. 

4.8.1 TRANSPORTATION NOISE AND MENTAL HEALTH 

Sources of transportation noise that have been studied in relation to mental health 
indude road traffic noise and aircraft noise. Studies relating to each type of noise 
will be considered in turn. 

4.8.1.1 Road traffic noise 
The association between road traffic noise exposure and psychological distress has 
been studied in the small town of Caerphilly, South Wales. In the cross-sectional 
results, no association was found between the initial level of road traffic noise based 
on traffic noise maps, in terms of Leq referring to the period 06.00-22.00, and minor 
psychological distress, measured by the General Health Questionnaire (GHQ), a 
screening questionnaire for depression and anxiety, even after adjustment for socio
demographic factors (Stansfeld et al, 1993). In longitudinal analyses in the 
Caerphilly Study, no association was found between road traffic noise and psycho
logical distress, even after adjustment for sociodemographic factors and baseline 
psychological distress, although there was a small non-linear association of noise 
with increased anxiety scores (Stansfeld et al, 1996). 

The disadvantage of the Caerphilly study is that it relied on one location with not 
very high levels of traffic noise. In a secondary analysis of a large British road traf
fic noise study, which took into account multiple noise exposure sites, the noise level 
in dB(A) exceeded for 10% of the time was weakly associated with a mental health 
symptoms scale of five items adjusting for age, sex, income and length of residence 
(Halpern, 1995). Weaker associations between traffic density and the mental health 
symptoms scale may relate to the skewed distribution of this traffic density variable. 
It seemed that traffic noise was more important than traffic flow. The scale used 
included some dear mental health items bur also some that were less obviously relat
ed to mental health. It may be questioned whether the reported association between 
noise level and mental health symptoms was actually due to noise exposure; adjust
ment for the amount of "noise heard" reduced the association very little, suggesting 
no causal association with noise, but it is likely that there was a good deal of error 
in the measurement of this variable, reducing its validity. 

It may be that the peak noise level is a better indicator of environmental noise heard 
indoors than noise measures averaged over time and that peak levels are a crucial 
indicator for mental health. Furthermore, in a road traffic noise study in Belgrade, 
253 residents exposed to road traffic noise levels of >65dB(A), with high levels both 
day and night (Leq 76.5 in the day, 69.5 at night in the noise-exposed area), experi
enced significantly more fatigue, depression, nervousness and headaches, compared 
to residents exposed to <55dB(A) (Belojevic and Jakovljevic, 1997). Sleep quality 
was also found to be worse among the inhabitants of noisy streets, compared to 
inhabitants of quiet streets, and those living in noisy streets had more difficulties 
falling asleep, more night awakenings and more pronounced tiredness after sleep. 
However, there were no differences in time taken to fall asleep or to go back to sleep, 
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duration of sleep or consumption of sleeping pills between noise-exposed and non
exposed residents. A great methodological advantage of this study was that the high 
and low noise exposure areas were homogenous for age, sex , employment and sub
jective noise sensitivity. A community study in 366 Japanese women suggests that 
road traffic noise only has effects on depression, fatigue and irritability above a 
threshold of 70 dB(A} (Yoshida et al., 1997). However, it is diffic.:ult to be confident 
of the results of these analyses as they were unadjusted for age or social deprivation. 
Milder psychological states such as health functioning and well-being have also been 
examined in the first stage of an intervention study on the effect of introducing a 
bypass to relieve traffic congestion in a small town in North Wales (Stansfeld, Haines 
and Brown, 2000). Health functioning was measured by the SF-36 General Health 
Survey (Ware and Sherbourne, 1992), including dimensions of general health status, 
physical functioning, general mental health and social functioning. Ninety-eight 
respondents were studied who lived on a busy high street with traffic noise levels 
varying between 72 and 75 dBA outdoor L«r These respondents were compared 
with 239 control subjects living in adjacent quieter streets (noise level 55-63 dB(A) 
outdoor Leql• Although subjects were well-matched on age, sex, housing insulation, 
car ownership and employment status, they were not so well-matched on proportion 
of manua l workers, household crowding, deprivation and home ownership. There 
was no evidence that respondents exposed to higher levels of road traffic noise had 
worse health functioning than those exposed to lower levels of the noise, adjusting 
for levels of deprivation. 

Another method of assessing mental health effects related to noise exposure is to use 
an indirect indicator such as medication use. In five rural Austrian communities 
exposed to road traffic noise, noise levels above 55 dB(A}, including increasing 
night-time exposure to noise from trucks, were associated with increased risk of tak
ing sleeping tablets (OR = 2.22 [CI: 1.13-4.38]) and overall prescriptions (OR = 
3.65 [CI: 2 .13-6.26]) relative to road tra ffic noise exposure less than 55 dB(A} 
(Lercher, 1996). This suggested effects at fairly low noise levels. In this case mental 
ill health may be secondary to sleep disturbance, which is likely to occur at lower 
nocturnal noise levels than mental health symptoms resulting from daytime noise 
exposure. As this occurred in a rural setting where road traffic was the predominant 
source of noise it would be interesting to replicate these findings in other settings. 

4.8.1.2 Road traffic noise and mental health in children 
Noise exposure and mental health has also been studied in children where child self
reported mental health on a standard scale and teacher ratings of classroom adjust
ment in response to motorway, road and rail noise were measured in a large sample 
of 8-11-year-old Austrian primary school children and in a second stage sample of 
extreme noise-exposed groups. Noise exposure was significantly associated with 
classroom adjustment scores but, intriguingly, child self-reported mental ill health 
was only impaired in noisy settings for children of low birth weight and preterm 
birth (Lercher et al. , 2002). 

4.8.1.3 Aircrafr noise 
Communi ty surveys have found that high percentages of people reported 
" headaches", "restless nights", and "being tense and edgy" in high aircraft noise 
areas (Kokokusha, 1973; Finke et al., 1974; Ohrstri:im, 1989). An explicit link 
between aircraft noise and symptoms emerging in such studies raises the possi bility 
of a bias towards over-reporting of symptoms (Barker and Tarnopolsky, 1978). 
Notably, a study around three Swiss airports (Grandjean et al., 1973), did not men
tion that it was related to aircraft noise and did not find any association between the 
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level of exposure to aircraft noise and symptoms. In the West London Survey, " tin
nitus", "burns, cuts and minor accidents", "ear problems" and "skin troubles" were 
all more common in areas of high noise exposure (Tarnopolsky, Watkins and Hand, 
1980). Acute symptoms such as "depression", "irritability", "difficulty getting off to 
sleep", "night waking", "skin troubles", "swollen ankles" and "burns, cuts and 
minor accidents" were particularly common in high noise areas. However, apart 
from "ear problems" and "tinnitus", 20 out of 23 chronic symptoms were more 
common in low noise environments. Symptoms did not increase with increasing lev
els of noise. This is possibly related both to more social disadvantage and associat
ed ill health among residents in low aircraft noise exposure areas and the possible 
unwillingness of chronically unhealthy individuals to move into potentially stressful 
high noise exposure areas. Nevertheless, it would not exclude an effect of noise in 
causing some acute psychological symptoms. As the majority of aircraft noise expo
sure is during the day, daytime exposure is likely to have greater effects than night
time exposure. Many of the effects of noise in industrial and teaching settings may 
be related primarily to disturbances in communication. 

4.8.2 NOISE EXPOSURE AND MENTAL HOSPITAL ADMISSION 
RATES 

Much of the concern with the possible effects of noise on mental health began with 
the study of admissions to psychiatric hospitals from noisy areas. Early studies found 
associations between the level of aircraft noise and psychiatric hospital admissions, 
both in London (Abey Wickrama et al., 1969) and Los Angeles (Meecham and 
Smith, 1977). These results have been criticized on methodological grounds 
(Chowns, 1970; Frerichs, Beeman and Coulson, 1980) and a replication study by 
Gattoni and Tarnopolsky (1973) failed to confirm these findings. Jenkins et al., 
(1979) found that age-standardized admission rates to a London psychiatric hospi
tal over four years were higher as the level of noise of an area decreased, but lower 
noise areas were also central urban districts, where high admission rates would be 
expected. In a further extensive study of three hospitals (Jenkins, Tarnopolsky and 
Hand, 1981), high aircraft noise was associated with higher admission rates in two 
hospitals, but in all three of them, admission rates seemed to follow non-noise fac
tors more closely; the effect of noise, if any, could only be moderating that of other 
causal variables but not overriding them. Kryter (1990), in a re-analysis of the data, 
found "a more consistently positive relation between level of exposure to aircraft 
noise and admissions rates". Undoubtedly, the route to hospital admission is influ
enced by many psychosocial variables that are more potent than exposure to noise. 
Therefore, whether or not noise causes psychiatric disorder is more suitably 
answered by studying a community sample. 

4.8.3 NOISE EXPOSURE AND PSYCHIATRIC MORBIDITY IN 
THE COMMUNITY 

In a community pilot study carried out in West London, Tarnopolsky et al. (1978) 
found no association between aircraft noise exposure and either GHQ scores 
(Goldberg, 1972) (dichotomized 4/5, low scorers/high scorers) or estimated psychiatric 
cases (Goldberg et al., 1970). This was the case even when exposure to road traffic 
noise was <.:ontrolled, except in three subgroups: persons "aged 15--44 of high edu<.:a
tion" (41 %, 14% p<0.05), "women aged 15--44" (30%, 13% n.s.), and those in "pro
fessional or managerial occupations". The authors expressed the guarded opinion that 
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noise might have an effect in causing morbidity within certain vulnerable subgroups. 
In the subsequent West London Survey of Psychiatric Morbidity (Tarnopolsky, 
Morton-Williams and Barker, 1980), 5885 adults were randomly selected from with
in four aircraft noise zones, according to the Noise and Number Index. No overall 
relationship was found between aircraft noise and the prevalence of psychiatric mor
bidity either for GHQ sc:ores or for estimated numbers of psyc:hiatri<.: c:ases, using var
ious indices of noise exposure. However, there was an association between noise and 
psychiatric morbidity in two subgroups: " finished full-time education at age 19 years 
+", and "professionals". These two categories, which had a strong association with 
each other, were combined and then showed a significant association between noise 
and psychiatric morbidity (X2 = 8.18, df 3 p<0.05), but only for the proportion of high 
GHQ scorers. Tarnopolsky, Morton-Williams and Barker (1980) wnduded that their 
results "show so far that noise per se in the community at large, does not seem to be 
a frequent, severe, pathogenic factor in causing mental illness but that it is associated 
with symptomatic response in selected subgroups of the population". 

More recent studies have examined the effects of higher levels of military aircraft 
noise. Exposure to higher levels of military aircraft noise around the busy Kadena 
military airport in Japan was related in an exposure- effect association to depressive
ness and nervousness measured by questionnaire using the Todai Health Index, 
based on the Cornell Medical Index (Ito et al., 1994; Hiramatsu et al., 1997). Mental 
health subscales included in this study measured depressiveness, nervousness, neuro
sis, and mental instability. Noise level was expressed as WECPNL (the power aver
age of the maximum perc:eived noise exposure level in dB(A)) from 75-79, 80- 84, 
85- 89, 90- 94 and over 95). In unadjusted analyses, statistica lly significant differ
ences were found in scores of depressiveness, nervousness and neurosis between the 
non-noise exposed control group and the pooled group exposed to 75- 95 WECPNL. 
In multivariate analysis adjusting for age, sex, marital status, type of house and 
length of residence, noise exposure greater than 95 WECPNL was associated with 
higher scores on depressiveness and neurosis (Hiramatsu et al., 1997). Clear expo
sure- effect relationships were not found between scale scores and noise exposure, as 
expressed in five unit steps. However, using more broadly defined groups, an expo
sure- effect association was evident. This highlighted differences between the highest 
noise exposure group and lower exposure groups and indicated a threshold effect 
rather than a linear relationship - that mental health effects are more likely to be 
found at higher noise levels. In general, psyc:hologic:al rather than somatic: symptoms 
were more related to noise in this study. Further analyses of the Japanese studies sug
gest that high levels of military aircraft noise may have effects on mental health. In 
a cross-sectional study of 5963 inhabitants around two air bases in Okinawa, those 
exposed to noise levels of Ldn 70 or above had higher rates of "mental instability" 
and depressiveness (Hiramatsu et al., 2000). Those who were more annoyed showed 
a higher risk of mental or somatic symptoms. A further survey using similar method
ology on 6486 respondents found exposure- effect associations between aircraft 
noise exposure, nervousness and mental health (Miyakita et al., 1998). These are 
important studies because of the opportunity to examine the effect of high noise
exposure levels and the probability that vulnerable people migrating out of noisy 
areas and thus biasing the sample was small. 

The use of health services has also been taken as a measure of the relationship 
between noise and psychiatric disorder. Grandjean et a l. (1973) reported that the 
proportion of the Swiss population taking drugs was higher in areas with high lev
els of aircraft noise and Knipschild and Oudshoorn (1977) found that the purchase 
of sleeping pills, antacids, sedatives and antihypertensive drugs all increased in a vi i-
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!age newly exposed to aircraft noise, but not in a "control" village where the noise 
level remained unchanged. In both studies, there was also an association between the 
rate of conta.:t with general practitioners and level of noise exposure. In the 
Heathrow study (Watkins, Tarnopolsky and Jenkins, 1981), various health care indi
cators were used - use of drugs, particularly psychiatric or self-prescribed, visits to 
the GP, attendance at hospital, and contact with various community services - but 
none of these showed any clear trend in relation to levels of noise. A recent study 
found that the use of sleeping tablets and sedatives was elevated with increasing 
night-time noise exposure, especially in the elderly (Passchier-Vermeer et al., 2002). 
This has been judged to be "sufficient" evidence of a noise effect (Health Council of 
the Netherlands, 2004). 

4 .8 .4 AIRCRAFT NOISE EXPOSURE AND MENTAL HEALTH IN 
CHILDREN 

Poustka, Eckermann and Schmeck (1992) studied the psychiatric and psychosomat
ic health of 1636 children aged 4-16 in two geographical regions that differed 
according to the noise made by jet fighters frequently exercising at low altitude. 
Psychological and neurological outcomes were not related to noise exposure. They 
found that associations between noise exposure and depression and anxiety could be 
demonstrated, but only beneath the threshold of clinical significance. These results 
are less convincing because the areas differed socioeconomically and the results were 
not adjusted for these factors and also because of lack of precision of the measures 
of noise exposure. However, in Munich, children living in areas exposed to high air
craft noise had lower levels of psychological well-being than children living in qui
eter environments (Evans, Hygge and Bullinger, 1995). The longitudinal data from 
around Munich showed that after the inauguration of the new airport, the newly 
noise-exposed communities demonstrated a significant decline in self-reported qual
ity of life measured on the Kindl scale, after being exposed to the increased aircraft 
noise for 18 months (third wave of testing), compared with a control sample (Evans, 
Bullinger and Hygge, 1998). Impairment of "quality of life" is a less severe distur
bance than impairment of mental health. Further studies have examined the effects 
of noise on child psychiatric disorders. 

Chronic aircraft noise exposure was not associated with anxiety and depression 
(measured with psychometrically valid scales), after adjustment for socioeconomic 
factors, in the Schools Health and Environment Study around Heathrow Airport 
(Haines et al., 2001a). In a further larger study of children's health around Heathrow 
Airport- the West London Schools Study (Haines et al., 20016) - an association was 
found between aircraft noise exposure level and increased hyperactivity scores on the 
hyperactivity subscale of the Strength and Difficulties Questionnaire (Goodman, 
1997). These studies suggest that noise influences child mental health in terms of 
hyperactivity and that it may affect child stress responses and sense of well-being. 

4.8.5 NEIGHBOURHOOD NOISE AND MENTAL HEALTH 

Noise from neighbours is the commonest source of noise complaints to local author
ities in the United Kingdom (Chartered Institute of Environmental Health, 1999). 
Noise which is continuous, apparently indefinite, of uncertain cause or source, emo
tive or frightening or apparently due to thoughtlessness or lack of consideration is 
most likely to elicit an adverse reaction (Grimwood, 1993). In the 1991 BRE survey, 
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people most objected to barking dogs, banging doors, noise from radio, television, 
or hi-fi and human voices (Grimwood, 1993). In this survey, two types of emotion
al response to noise were observed: outwardly directed aggression, characterized by 
feelings of annoyance, aggravation, bitterness and anger towards the source of the 
noise, and a more emotional response of tension, anxiety and feelings of pressure. 
These responses are reminiscent of the distinction between internalizing and exter
nalizing disorders. Whether noise from neighbours can induce psychiatric disorder 
has been little studied in community research, but this is an area that deserves fur
ther study (Stansfeld, Haines and Brown, 2000). 

Undoubtedly, prolonged exposure to noise can be very upsetting, intrusive and inter
fering for sleep and everyday activities. In poorly built dwellings, especially apart
ments, even low intensity noises may be dearly audible through walls, floors, or ceil
ings (Raw and Oseland, 1991 ). In this situation, noise is destructive of privacy, espe
cially for those living alone, and may be associated with perceptions of threat or 
increase a sense of isolation. This may be especially the case among people who are 
chronically anxious and likely to complain of sensitivity to noise; prolonged noise 
exposure may make them more anxious and unhappy. Often, this leads to arguments 
with neighbours, leading to a breakdown of neighbourly relationships and further 
isolation which may well in itself have a bad effect on mental health. Occasionally, 
this may be a sign of feelings of persecution associated with psychotic illness in 
which noise exposure is just an external trigger of an internally generated condition. 

4.8.6 MECHANISMS FOR CAUSAL LINKS BETWEEN NOISE 
AND MENTAL HEALTH 

What might the mechanism be for the effects of noise on mental health? One way to 
approach this is through the effects of noise on cognitive performance where the lab
oratory evidence of effects is fa irly robust (Smith and Broadbent, 1992). Effects of 
noise on mental health might be expected because there is evidence that noise 
impairs other aspects of human functioning, such as performance (Loeb, 1986) and 
sleep, that are important in maintaining normal functioning, and that noise causes 
adverse emotional reactions such as annoyance. In general, it seems that noise expo
sure increases arousal, and decreases attention through distraction (Broadbent, 
1953), increases the need for focusing attention to cut out irrelevant stimuli (Cohen 
and Spacapan, 1978), as well as altering choice of task strategy (Smith and 
Broadbent, 1981 ). Even relatively low levels of noise may have subtle ill effects, and 
in this respect, the state of the person at the time of performance may be as impor
tant as the noise itself (Broadbent, 1983). Individuals' perception of their degree of 
control over noise may also influence whether it impairs memory (Willner and 
Neiva, 1986) while perception of lack of control over environmental conditions may 
be an important mediator of health effects. 

Additionally, noise may also affect social performance as: (1) a stressor causing 
unwanted aversive changes in affective state; (2) by masking speech and impairing 
communication; and (3) by distracting attention from relevant cues in the immedi
ate social environment (Jones, Chapman and Auburn, 1981). It may be that people 
whose performance strategies are already limited for other reasons (for instance 
through high anxiety) and who are faced with multiple tasks may be more vulnera
ble to the masking and distracting effects of noise. 

T he mechanism for the effects of noise on health is generally conceptualized as fit-
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ting the stress-diathesis model, in which noise exposure increases arousal, and 
chronic exposure leads to chronic physiological change and subsequent health 
effects. It is not dear, however, whether this model is appropriate for mental health 
effects. A more sophisticated model (Biesiot, Pulles and Stewart, 1989; Passchier
Vermeer, 1993) incorporates the interaction between the person and their environ
ment. In this model, the person readjusts their behaviour in noisy conditions to 
reduce exposure. An important addition is the inclusion of the appraisal of noise (in 
terms of danger, loss of quality, meaning of the noise, challenges for environmental 
control, etc.) and coping (the ability to alter behaviour to deal with the stressor). 
This model emphasizes that dealing with noise is an active not a passive process. 

4.8.7 HABITUATION TO NOISE AND MENTAL HEALTH 

It is likely that mental health effects arise from persistent exposure to noise over a long 
period of time. But do people habituate or adapt to noise over time? In some studies peo
ple do seem to adapt to noise and no longer notice noise that they are frequently exposed 
to. On the other hand, in some studies of annoyance there seems to be little evidence of 
adaptation (Cohen and Weinstein, 1981); It may be that, as in physiological studies, a 
failure of adaptation occurs if the stimulus is novel, salient or implies threat. The devel
opment of mental health symptoms implies a failure to habituate to noise, or at least to 
adapt to noise. In some studies control over noise or active coping with noise rather than 
passive emotion-focused coping is related to lower levels of symptom (van Kamp, 1990). 
Habituation has not been formally studied in relation to noise and mental health. 

4.8.8 RISK GROUPS FOR MENTAL HEALTH EFFECTS FROM 
NOISE 

One way to look at susceptibility to noise is to think about groups in the population 
who may be more susceptible to noise, for instance people with existing physical or 
mental illness tend to be more highly annoyed by noise and potentially could be vul
nerable to mental health effects. Similarly, people with hearing impairment may be 
vulnerable to communication difficulties in noisy environments that could increase 
the risk of mental health symptoms. People who report that they are sensitive to 
noise tend to be more prone to noise annoyance and may be more at risk for com
mon mental disorders (Stansfeld et al., 2002). 

4.8.9 POPULATION GROUPS AT RISK FOR MENTAL HEALTH 
EFFECTS FROM NOISE 

There is some evidence that children are more vulnerable to the mental health effects 
of noise than adults in terms of prematurity, low birth weight and through scoring 
higher on hyperactiviry. There is no consistent evidence of age, social dass, ethnic or 
gender differences in susceptibility to mental health effects from environmental noise. 

4.8.10 NOISE SENSITIVITY 

Noise sensitivity, based on attitudes to noise in general (Anderson, 1971; Stansfeld, 
1992), is an intervening variable which explains much of the variance between expo
sure and individual annoyance responses (Weinstein, 1978; Langdon, Buller and 
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Scholes, 1981; Fields, 1993). Individuals who are noise-sensitive are also likely to be 
sensitive to other aspects of the environment (Broadbent, 1972; Weinstein, 1978; 
Thomas and Jones, 1982; Stansfeld et al., 1985a). This raises the question as to whether 
noise-sensitive individuals are simply those who complain more about their environ
ment. Certainly, there is an association between noise sensitivity and neuroticism 
(Thomas and Jones, 1982; Ohrstrom, Bjorkman and Rylander, 1988; Jelinkova, 1988; 
Belojevic and Jakovljevic, 1997; Smith, 2003), although it has not been found in all 
studies (Broadbent, 1972). On the other hand, Weinstein (1980) hypothesized that noise 
sensitivity is part of a critical/uncritical dimension, showing the same association as 
noise sensitivity to measures of noise, privacy, air pollution and neighbourhood reac
tions. He suggested that the most critical subjects, including noise-sensitive people are 
not uniformly negative about their environment, but more discriminating than the 
uncritical group, who comment uniformly on their environment. 

Noise sensitivity has also been related to current psychiatric disorder (Bennett, 1945; 
Tarnopolsky, Morton-Williams and Barker, 1980; Iwata, 1984). Stansfeld et al. 
(1985) found that high noise sensitivity was particularly associated with phobic dis
orders and neurotic depression, measured by the Present State Examination (Wing, 
Cooper and Sartorius, 1974). Similar to this association with phobic symptoms, noise 
sensitivity has also been linked to a coping style based on avoidance, which may have 
adverse health consequen..:es (Pulles, Biesiot and Stewart, 1988) and a tenden..:y to 
report health complaints rather than take a more active coping approach to noise 
(Lercher and Kofler, 1996). Noise sensitivity may be partly secondary to psychiatric 
disorder: depressed patients followed over four months be..:ame less noise-sensitive as 
they recovered (Stansfeld, 1992). These "subje..:tive" psychological measurements 
were complemented by an "objective" psychophysiological laboratory investigation 
of reactions to noise in a subsample of depressed patients. Noise-sensitive people 
tended to have higher levels of tonic physiological arousal, more phobic and 
defence/startle responses and slower habituation to noise (Stansfeld, 1992). Thus, 
noise-sensitive people attend more to noises, dis..:riminate more between noises, find 
noises more threatening and out of their control, and adapt to noises more slowly 
than people who are less sensitive. Through its association with greater perception of 
environmental threat and its links with negative affectivity and physiological arousal, 
noise sensitivity may be an indicator of vulnerability to minor psychiatric disorder, 
although not necessarily psychiatric disorder caused by noise (Stansfeld, 1992). 

In analysis of a subset of noise-sensitive women, compared to less sensitive women in 
the West London survey, there was no evidence that aircraft noise exposure predict
ed psychiatric disorder in the sensitive women (Stansfeld et al., 1985). In the 
Caerphilly study, noise sensitivity predicted psychological distress at follow-up after 
adjusting for baseline psychological distress, but did not interact with the noise level, 
suggesting that noise sensitivity does not specifically moderate the effect of noise on 
psychological distress (Stansfeld et al., 1993). However, in further analyses, a statisti
cally significant association between road traffic noise exposure and psychological 
distress, measured by the General Health Questionnaire (GHQ), was found in noise
sensitive men, that was not found in men of low noise sensitivity (Stansfeld et al., 
2002). In the original ana lyses, after adjusting for trait anxiety at baseline, the effect 
of noise sensitivity was no longer statistically significant. This suggests chat much of 
the association between noise sensitivity and psychological distress may be account
ed for by the confounding association with trait anxiety. Constitutionally anxious 
people may be both more aware of threatening aspects of their environment and more 
prone to future psychiatric disorder. It seems possible that these traits might be linked. 
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In a United Kingdom community study, associations were examined between noise 
exposure, noise sensitivity, subjective symptoms and sleep disturbance in a random 
sample of 543 aJults (Smith, 2003). Pen:eived noise exposure was related to subjec
tive health, but this association became non-significant after adjustment for negative 
affectivity. In a similar way, adjustment for negative affectivity eliminated the associ
ation between noise sensitivity and subjective health. Thus, it was suggested that noise 
sensitivity was merely a proxy measure of negative affectivity or neuroticism. 
However, although this means that noise sensitivity is not specific to noise, the more 
recent analyses suggest that high levels of trait anxiety or neuroticism may be an indi
ca tor of vulnerability to noise effects and could put people at risk of adverse psycho
logical effects from noise, even if they do not increase the risk of physical ill health. 

4 .8.11 MENTAL HEALTH CONSEQUENCES OF INSOMNIA 

Transient insomnia is usually accompanied by reports of daytime sleepiness and per
formance impairment the next day. Chronic insomnia is generally associated with 
poorer emotional and physical health. Several large-scale epidemiological studies of 
the general adult population have shown that between one third and one half of peo
ple who complain of chronic insomnia are also diagnosable with primary psychiatric 
disorders, mostly anxiety and mood disorders. Mellinger, Balter and Uhlenhuth 
(1985) found that 17% of adults reported "a lot" of trouble falling asleep or stay
ing asleep over the past year; 47% of them had high levels of psychological distress, 
with symptom complexes suggestive of depression and anxiety disorders. In con
trast, only 11 % of individuals with no history of insomnia showed elevated levels of 
psychiatric symptoms. In a survey of almost 8000 individuals, Ford and Kamerow 
(1989) reported that 10% had suffered from significant insomnia for at least a two
week period during the previous six months; 40% of the insomniacs met criteria for 
psychiatric disorders, with the majority being anxiety disorders and depression; only 
16% of those with no sleep complaints had psychiatric illness. 

Breslau et al. (1996) found a strong correlation between lifetime prevalence of sleep 
problems and psychiatric disorders, with anxiety, depression, and substance abuse 
disorders being the most common. Simila r results have been found by Vollrath, Wicki 
and Angst (1989), Chang et al. (1997) and Dryman and Eaton (1991). In a large-scale 
European population-based study (Ohayon and Roth, 2003), it was found that 
insomnia more often precedes rather than follows incident cases of mood disorders. 

Insomniacs not only have higher rates of psychiatric disorders, but they also have 
increased rates of various kinds of psychological symptoms: patients with insomnia 
reported increased psychological stress and/or decreased ability to cope with stress 
according to surveys of the American (Roth and Ancoli-Israel, 1999) and Japanese (Kim 
et al., 2000) population. Almost 80% of insomniacs had a significant increase on one or 
more clinical scales on the Minnesota Mulriphasic Personality Inventory (MMPI) 
(Kalogjera-Sackellares and Cartwright, 1997). Even people whose insomnia was due to 
identified medical factors showed elevation on the M.iviPI, suggesting a possible causal 
relationship or specific association between insomnia and psychiatric symptomatology. 
Compared to good sleepers, severe insomniacs reported more medical problems, had 
more GP office visits, were hospitalized twice as often and used more medication. Severe 
insomniacs had a higher rate of absenteeism, missing work twice as often as did good 
sleepers. They also had more problems at work (including deaeased concentration, dif
ficulty performing duties and more work-related accidents) (Leger et al., 2002). 
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4.8.12 INSOMNIA AS A MENTAL HEALTH SYMPTOM 

Insomnia is a symptom of many psychiatric disorders, especially depression and 
anxiety. In studies of depressed patients compared to control subjects, there was 
prolonged latency to sleep, increased wakefulness during sleep, early morning 
wakening, decreased sleep efficiency and reduced total sleep time. There is also 
evidence that insomnia may be a risk factor for developing depression (Riemann, 
Berger and Voderholzer, 2001; Roberts, Roberts and Chen, 2002). This raises 
the question as to whether prolonged noise exposure leading to insomnia pro
vokes the onset of depression in susceptible people? This seems theoretically 
possible, but there is little evidence to support it. In a longitudinal study of ado
lescents, it was the other way round - that depressive symptoms preceded the 
onset of insomnia (Patton et al, 2000). Delayed sleep latency in chi ldren has 
been linked to increased externalizing symptoms including aggressive behaviour, 
and impaired attention and social problems (Aronen et al., 2000). In_this cross
sectional study, the direction of association was uncertain, but it seems most 
plausible that the sleep disturbance is a feature of the behavioural disturbance 
rather than a cause of it. Three criteria have been suggested for sleep disturbance 
to be environmentally determined: (1) the sleep problem is temporally associat
ed with the introduction of a physically measurable stimulus or definable set of 
environmental circumstances; (2) the physical rather than the psychological 
properties of the environmental factors are the critical causative elements; and 
(3) removal of the responsible factors results in an immediate or gradual return 
to normal sleep and wakefulness (Kraenz et al., 2004 ). Most studies do not ful
fil these criteria. In a German school-based study of 5-6-year-old children, sleep 
disturbance by noise, largely from road traffic, was reported "sometimes" in 
10% by parents of children and 2% "often". Children's reports were slightly 
higher: "sometimes" in 12% and 3% "often" (Kraenz et al., 2004). Further lon
gitudinal research is needed to ascertain whether noise-induced insomnia leads 
on to overt psychiatric disorder. 

In summary, population as well as clinic-based studies have demonstrated a high 
rate of psychiatric morbidities in patients with chronic insomnia. It has tradi
tionally been assumed that insomnia is secondary to the psychiatric disorders; 
however, it is possible that in some cases the insomnia preceded the psychiatric 
disorder. 

4.8 .13 DEPRESSIVE EPISODE AND ANXIETY DISORDERS 

A mild depressive episode is diagnosed by clinical interview. The criteria for a 
mild depressive episode include two or more symptoms of depressed mood, loss 
of interest or fatigue lasting at least two weeks, with two or three symptoms such 
as reduced concentration, reduced self-esteem, ideas of guilt, pessimism about the 
future, suicidal ideas or acts, disturbed sleep, diminished appetite and social 
impairment, and fewer than four symptoms including lack of normal pleas
ure/interest, loss of normal emotional reactivity, waking =>2 ho urs early, loss of 
libido, diurnal variation in mood, diminished appetite, loss of =>5% body 
weight, psychomotor agitation or psychomotor retardation. 

Anxiety disorders are similarly diagnosed by clinical interview. The criteria for 
"generalized anxiety disorders" include duration of a t least six months of free
floating anxiety and autonomic overactivity. 
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4.8.14 ASSOCIATIONS BETWEEN INSOMNIA AND 

Table 4.3 
lnsomnia_as a 

predictor of 
psychiatric 

disorder 

PSYCHIATRIC DISORDERS 
At the present time, exposure-effect associations have not been established between 
parameters of sleep disturbance (number of behavioural awakenings, body move
ments or EEG awakenings) and the onset of depressive and anxiety disorders, 
although there is some evidence that insomnia is a risk factor for developing depres
sion (Riemann, Berger and Voderholzer, 2001; Roberts, Roberts and Chen, 2002). A 
number of longitudinal prospective studies in different age groups have found asso
ciations between self-reports of insomnia and the subsequent onset of psychiatric 
disorder, in particular major depression. A selection of the most important studies 
and their findings are outlined in Table 4.3 below. 

Study 

Ford and 
Kamerow, 
1989 

Breslau et 
al. , 1996 

Chang et 
al. , 1997 

Roberts, 
Roberts 
and Chen, 
2002 

Sample 
size 

7954 

1200 

1053 

3136 

Sample 

Community 
sample 

21-30 years 
members of 
health 
maintenance 
organization 

Male 
medical 
students 

11- 17 years 
from 
managed 
care rosters 

Follow-up Depression Results 
interval measure 

1 year Diagnostic Risk of 
interview developing new 
schedule depression for 

insomnia on two 
occasions: 
[OR: 39.8, 95% 
CI 19.8-80.0] 

3 years Diagnostic RR for new 
interview onset major 
schedule depression 

associated 
with baseline 
insomnia 
[RR=4.0, 95% 
CI 1.5-5.6] 

34 years Clinical RR for clinical 
(median) depression depression for 

those who 
reported insom-
nia at medical 
school [RR= 2.0, 
95% CI 1.2-3.3] 

1 year Diagnostic Fully adjusted 
interview OR for insomnia 
schedule in waves 1 and 2 
for children for depression 
maior at fo llow-up 
depression [OR=l.92, 95% 
module CI 1.30-2.82] 

4.8.15 CONCLUSIONS: ASSOCIATIONS BETWEEN NOISE AND 
PSYCHIATRIC DISORDERS 

The effects of noise are strongest for those outcomes that, like annoyance, can be 
classified under "quality of life" rather than illness. What they lack in severity is 
made up for in numbers of people affected, as these responses are very widespread, 
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Current evidence does seem to suggest that environmental noise exposure, especially at 
higher levels, is related to mental health symptoms and possibly raised anxiety and 
consumption of sedative medication, but there is little evidence that it has more seri
ous effects. Further research is needed on mental health effects at very high noise lev
els. Existing studies may be confounded either by prior selection of subjects out of (or 
into) noisy areas as a result of noise exposure, or by confounding between noise expo
sure, socioeconomic deprivation, and psychiatric disorder. It is also possible that peo
ple underestimate or minimize the effects of noise on health through optimism bias 
(Hatfield and Soames Job, 2001) and that this is particularly protective for mental 
health. 

The evidence is not strong for the association between noise exposure and mental ill 
health. What evidence there is suggests that noise exposure may be responsible for psy
chological symptoms above 70 dB(A) Lcq· Almost all studies have only examined the 
effects of daytime noise on mental health, but it is possible that night-time noise, dur
ing sleep time, may have effects on mental health at lower levels than daytime noise. 

The most powerful evidence of noise on mental health comes from studies of military 
aircraft noise. There is also some evidence that intense road traffic noise may lead to 
psychological symptoms. There is no evidence of any effects of railway noise on men
tal health. 

4.9 THE SEVERITY OF SELF-REPORTED SLEEP 
DISTURBANCE 

4 .9.1 INTRODUCTION 

In section 2.1.2 of Chapter 2 of this report, it is stated that sleep disturbance caused 
by noise may either be diagnosed (Environmental Sleep Disorder: ICSD 780-52-6) or 
self-reported. Although self-reported sleep disturbance is subjective by definition, its 
observed occurrence correlates with noise levels as well as with important diagnostic 
criteria for ICSD 780-52-6. It appears justified to consider self-reported sleep distur
bance as an impairment of health, especially if indicated by representative population 
samples in social surveys. Furthermore, section 4.1 of Chapter 4 of thi.s report gives a 
quantitative relationship between noise level Lnight and the percentage of population 
that reports a disturbed sleep of high, medium or low disturbance intensity. 

But an open question concerns severity: even if night-time noise causes large percentages 
of the population to declare themselves as highly sleep-disturbed, this could neverthe
less represent an almost negligible loss of health, if the mean severity of self-reported 
sleep disturbance were negligible in comparison with commonly accepted diseases. 
Attempts have been made to give an answer to this important question, using WHO's 
concept of disability weights (Murray et al., 1996) as a basis for severity comparisons. 

4.9.2 AN ASSESSMENT OF DISABILITY WEIGHTS 

A Swiss study (Muller-Wenk, 2002) aimed at determining a disability weight for 
sleep disturbance due to road traffic noise. For this purpose, a description of road-
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noise-related sleep disturbance was set up: essentially, this state of health was 
assumed to be present if a person indicated that, due to traffic noise, he or she, 
almost every night, had problems with fa lling asleep, with continuing sleep during 
the night or with early or non-restorative waking in the morning. In addition, a list 
was established with already available disability weights (Murray et al. , 1996; 
Stouthard et al. , 1997) for a selection of 28 diseases of various types, covering a 
range from very light severity to high severity (Muller-Wenk 2002:65- 66). All 64 
members of the medical staff of the Swiss Accident Insurance Institute (SUVA) were 
then asked in a written questionnaire to determine the hitherto unknown disability 
weight of sleep disturbance by interpolation, that is, by inserting sleep disturbance 
at the appropriate place between the presented 28 diseases that were sorted accord
ing to ascending disability weight. These participants were chosen because the physi
cians of the SUVA, besides being medical doctors, have a particularly high profes
sional know-how in comparing the severity of different types of disability. Forty-two 
questionnaires were completed, of which 41 were usable. 

From these questionnaires, an arithmetical mean of 0.055 of the disabi lity weight for 
sleep disturbance could be calculated, with a 95 % confidence limit of 0.039 at the 
low end and 0.071 at the high end. This result can be illustrated by mentioning dis
eases from the catalogues of Murray et al. (1996) or Stouthard et al. (1997) with the 
same disability weight: hence the disability weight of the road-noise-related sleep dis
turbance is roughly the same as the disability weight of "chronic hepatitis B infec
tion without active viral replication", the latter having a mean disability weight of 
0.06 and a 95% confidence interval from 0.034 to 0.087. The low-end estimate of 
0.039 for sleep disturbance severity would correspond to the mean disability weight 
of " benign prostatic hypertrophy (symptomatic cases)", whilst the high estimate of 
0.071 would correspond to the mean disability weight of "uncomplicated diabetes 
mellitus". The conclusion is that the mean disability weight of road-noise-related 
sleep disturbance is not smaller (= less severe) than the disability weight of health 
impairments commonly recognized as diseases, and there is a strong overlap 
amongst the probability distributions of these disability weights. On the basis of the 
chosen disa bility weight 0.055 for self-reported sleep disturbance, and taking into 
account the current traffic noise levels during the night in many European states, it 
is justified to consider noise-related sleep disturbance as a substantial loss of public 
health. 

4 .9.3 COMPARISON BETWEEN INSOMNIA AND SELF-
REPORTED SLEEP DISTURBANCE 

The original list of disability weights (Murray et al., 1996) did not contain any kind 
of non-normal sleep. In the meantime, WHO has published an extended list 
(Mathers et al., 2003, Annex Table 5a) containing a disa bility weight of 0.100 for 
insomnia (diagnostic code 307.42). This has opened a way to recheck the disability 
weight of 0.055 (Muller-Wenk, 2002), by asking a panel of medical professionals to 
compare, on the basis of disability weights, the mean severity of self-declared sleep 
disturbance due to road noise at night with the mean severity of insomnia. It may be 
debated whether it is more straightforward to compare two types of sleep anomalies 
with similar symptoms, or to compare self-declared sleep disturbance with various 
types of completely different diseases. But it makes sense anyway to use the compar
ison with insomnia as a second approach for determining the disability weight of 
self-reported sleep disturbance. 
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This severity comparison between different sleep anomalies was made in 2005 by 
structured oral interviews, executed by a medical staff member of the sleep clinic of 
Kantonsspital St. Gallen (Switzerland), with 14 GPs seleaed at random from all GPs 
who had admitted patients to the sleep clinic during the nine preceding months. 
These patients were mainly suffering from OSAS. The question was as follows: 

"Could you please give us your opinion on the relative severity of three different 
cases of insomnia: 

1. (primary) insomnia, in our region usually called psychophysiological insomnia 
2. Obstructive Sleep Apnoea Syndrome (OSAS) 
3. traffic-noise-related sleep disturbance, that may occur with persons who are 

forced to sleep along through roads with nocturnal motor traffic. 

Your opinion should be based on the patients you have seen in your office late
ly, or on other persons of your social environment. When comparing the severi
ty of the health impairment, the focus should be above all on the person's condi
tion during the day after the sleep-disturbed night. The absolute value of the 
severity is less important for the current study than the relative severity amongst 
the three cases of insomnia. The opinion of the severity may be expressed on a 
linear scale from 0 (no impairment at all) to 10 (impairment a lmost unsupport
able). On the scale from Oto 10, you may give us your mean value of the sever
ity, or you may give us a span from a low to a high for the severity." 

All of the interviewed GPs gave their opinions, and the result is presented in Table 
4.4. 

Table 4 .4 
Severity ratings (10 = almost insupportably disturbing, O = not in the least disturbing) 
by 14 GPs selected at random 

Primarv insomnia OSAS (sleeo aonoeal Sleeo disturb.(noise) Ratio noise/ 
No Max Min Mean Rank Max Min Mean Rank Max Min Mean Ra nk ...,, ... ; ...... : .... ~ ..... ~ni~ 

10 6 4 5 3 8 6 7 1 8 6 7 1 1.40 

11 5 3 4 3 9 7 8 1 8 4 6 2 1.50 

12 5 3 10 1 7 8 7.5 2 1.50 

13 2 3 2.5 2 4 5 4.5 1 1 2 1.5 3 0.60 

14 3 2 6 1 1 2 1.5 3 0.50 

15 8 2 9 1 6 3 0.75 

16 8 1 7 2 4 3 0.50 

17 5 1 5 1 3 3 0.60 

18 2 3 2.5 2 6 1 1 2 1.5 3 0.60 

19 8 1 3 2 2 3 0.25 

20 6 2 7 1 4 3 0.67 

21 7 2 8 1 0 3 0.00 

22 4 3 5 2 6 1 1.50 

23 4 3 6 7 6.5 2 8 9 8.5 1 2.13 

Mean 5.143 2.143 6.57 1.286 4.18 2.429 0.89 

Sinma 0.60 

Median 0.63 

Uooer value 95% C.I. for mean 1.20 

Lower value 95% C.I. for mean 0.58 

Clearly, the severity judgements vary widely between the participating GPs. Apart 
from the differences in personal judgement, this variation is certainly influenced by 
the mix of patients visiting a particular GP. For instance, GP number 15 could have 
encountered one or two very serious cases of OSAS, whilst his/her experience with 
noise-related sleep disturbance might refer to persons that were only moderately dis
turbed by night-time noise in their bedroom. On the other hand, number 22 could 

Noise/ 
'" '":: 

1.00 
0.75 
0.75 
0 .33 
0 .25 
0 .67 
0 .57 
0 .60 
0 .25 
0.67 
0.57 
0.00 
1.20 
1.31 

0 .64 
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have had experience with persons suffering very much from sleep disturbance due to 
high traffic noise exposure, whilst his/her OSAS or primary insomnia patients 
happened to be light cases. One must accept that even GPs have a limited expe
rience with the whole range of cases of each of the three types of insomnia, so 
that their opinion on the mean severity of noise-related sleep disturbance, com
pared to the mean severity of OSAS or insomnia, is influenced by the randomness 
of their patient mix. 

Nevertheless, the table supports the following statements. 

• With respect to severity, the majority of GPs rank noise-related sleep disturbance 
lower than insomnia and OSAS, while three of them put noise-related sleep dis
turbance in the first rank. Only one of the participants (number 21) considers 
noise-related sleep disturbance as a fully negligible disturbance. 

• The severity ratio between noise-related sleep disturbance and insomnia varies 
between 0 and 2.1. Seven of the fourteen GPs indicate a severity ratio between 0.5 
and 0.75, that is to say that half the participants are of the opinion that the sever
ity of noise-related sleep disturbance amounts to 50-75% of the severity of 
insomnia. 

• The mean of this severity ratio is 0.89, with a standard deviation (sigma) of 0.60. 
The confidence interval (CI) for the mean goes from 0.58 to 1.20. The median of 
the severity ratio is 0.63. The distribution is skewed to the right. 

The severity ratio developed above can be used as a proportionality factor between 
the known disability weight for insomnia and the required disability weight for self
reported sleep disturbance. Bearing in mind that the already existing WHO disabil
ity weight for insomnia is 0.10, a best guess for the mean disability weight for self
reported sleep disturbance due to road traffic noise at night is therefore 0.089, with 
a CI from 0.058 to 0.12. 

4.9.4 CONCLUSIONS 

According to the two groups of interviewed medical professionals, persons that 
declare themselves to be chronically deprived of normal sleep by road traffic noise 
have a health state whose mean disability weight is comparable to "chronic hepati
tis B infection without active viral replication" or higher. Irrespective of the question 
whether self-reported sleep disturbance is formally recognized as a disease or not, its 
severity is comparable to commonly accepted diseases. 

The best estimate for a mean disability weight for self-reported sleep disturbance due 
to road traffic noise was 0.055 (CI: 0.039; 0.071) according to Muller-Wenk (2002), 
whilst our recheck based on a comparison with insomnia resulted in a disability weight 
of 0.09 (CI: 0.06; 0.12). The higher disability weight according to the second approach 
might be caused by the fact that in this second approach, there was a stronger focus 
on "the person's condition during the day after the sleep-disturbed night". 

The above figures compare reasonably with a study published by van Kempen 
(1998), cited in Knol and Staatsen (2005:46), where a severity weight of 0.10 for 
severe sleep disturbance was found, based on the judgement of 13 medical experts 
according to the protocol of Stouthard et al. (1997). 
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In conclusion, a mean disability weight of 0.07 is proposed for self-reported sleep 
disturbance due to road noise or similar ambient noise. This disability weight can be 
used in connection with the equations of section 4.1 of this chapter for highly sleep
disturbed persons. 

4.10 DISCUSSION: CAN CHRONIC SHORT-TERM 
EFFECTS CAUSE LONG-TERM EFFECTS 
ON HEALTH? 

EEG modifications, cardiovascular responses, body movements and awakenings due to 
noise ocrnr within a few seconds after the stimulus. In addition to the instantaneous effects 
related to single events, large field studies on aircraft (Passchier-Vermeer et al., 2002) and 
road traffic noise exposure during night-time (Griefahn et al., 2000; Passchier-Vermeer et al., 
2004) show that also sleep latency and average motiliry during the sleep period increased 
monotonously as a function of the noise exposure level. The increase in average motiliry was 
substantially higher than would be expected on the basis of the instantaneous extra motili
ry at the times of the noise events (Passchier-Vermeer et al., 2002) suggesting persistent 
arousal during the sleep related to aircraft noise. Furthermore, an international field study 
(Jurriens et al., 1983) found slightly reduced REM sleep, increased time being awake accord
ing to the EEG, increased average heart rate, and reduced performance on a reaction time 
test in people when exposed during the night to higher road traffic noise levels. 

The relationship between instantaneous effects and more global modifications of one night 
sleep, as well as chronic changes, is not simple, as illustrated by the findings concerning 
motility. An increase in average motility that is substantially higher than would be expect
ed on the basis of the instantaneous extra motility at the times of the noise events 
(Passchier-Vermeer et al., 2002) suggests a persistent arousal during sleep related in a dose
dependent way to the aircraft noise. 

Since EEG arousal and instantaneous motility are correlated, this finding suggests that also 
the number of (micro-)arousals may increase during noise exposure more than by the sum 
of the instantaneous (micro-)arousals that occur contingent upon a noise event. 

For overall motility during sleep, clear indications have been found of associations 
with further effects, although the causal direction is not in all cases dear. Mean 
(onset of) motility during sleep is associated with the following variables based on 
questionnaires and diaries (Passchier-Vermeer et al., 2002}: 

• frequency of conscious awakening during the sleep period: the increase is 0.8 con
scious; 

• awakenings per night, if motility increases from low to high; 
• frequency of awakening remembered next morning: the increase is 0.5 remem

bered; 
• awakenings per night, if motility increases from low to high; 
• long-term frequency of awakening attributed to specific noise sources assessed 

with a questionnaire; 
• sleep quality reported in a morning diary; 
• long-term sleep quality assessed with a questionnaire; 
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• number of sleep complaints assessed with a questionnaire; 
• number of general health complaints assessed with a questionnaire. 

The associations of mean motility with these variables are stronger than the corre
sponding associations of mean onset of motility. 

For evaluating the adverseness of the instantaneous effects, it is important to consid
er whether they bring the body into a more persistent state of higher arousal or not, 
although this is not the only criterion. Those effects which are progressively disap
pearing with the repetition of the stimulus may be less harmful than those which do 
persist over long exposure time, provided that the suppression of the effects do not 
require costs in another form. For example, short-term cardiovascular effects that 
appear not to habituate could lead to permanent cardiovascular system impairment 
{Carter, 1996, 1998). 

The relations presented for motility and conscious awakening imply that motility is 
sensitive to noise and has a relatively low threshold, while conscious awakening, the 
strongest instantaneous interference of noise with sleep, has the highest threshold of 
the instantaneous effects considered. 

In one of the most sophisticated field studies {Passchier-Vermeer et al., 2002), 
increased probability of instantaneous motility was found for events with a maxi
mum sound level LAmax > 32 dB{A), while in a meta-analysis conscious awakening 
was found for events with LAmax > 42 dB(A) (Passchier-Vermeer, 2003a). Above 
their threshold, these effects were found to increase monotonously as a function of 
the maximum sound level during a noise event {aircraft noise). It is important to note 
that in another recent sophisticated field study {Basner et al. , 2004), the threshold 
found for EEG awakening was LAmax = 35 dB(A), that is, only a little higher than 
the 32 dB{A) found for noise-induced awakenings. This strengthens the evidence that 
noise starts to induce arousals at LAmax values in the range 30-35 dB(A) . Given the 
night-time noise levels to which people are exposed, these results imply that instan
taneous effects are common. Although most studies concerned aircraft noise, the 
instantaneous effects can be assumed to occur at similar levels for different types of 
transportation. 

The above observations can be used as a basis for setting limits with respect to night
time transportation noise. For transparency, it is useful to distinguish two steps in 
choosing actual limits: the first step is the derivation of a health-based limit; the sec
ond step is the derivation of an actual limit that takes into account the health-based 
limit as well as feasibility arguments. Here the concern is with the first step. 

When deriving a health-based limit, two points need to be considered: the dose
dependent effects of a single noise event, and the number of events. With respect to 
the dose-dependent effects of a single event, adverse effects can be distinguished from 
effects that by themselves need not be adverse but can contribute to an adverse state. 
It is proposed to classify conscious awakenings as an adverse effect. Conscious 
awakenings have been estimated to occur at a baseline rate of 1.8 awakening per 
night. A substantial increment of conscious awakenings over this baseline is thought 
to be adverse. Since, in general, falling asleep after conscious awakening takes some 
time, and this latency is longer after noise-induced conscious awakening that will 
often also induce an emotional reaction (anger, fear), it will also reduce the time 
asleep and may affect mood and functioning next day. Although additional, more 
sophisticated analyses could be performed to refine this estimate, we propose LAmax 
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= 42 dB(A) is proposed as the currently best estimate of the threshold for conscious 
awakening by transportation noise. This would mean that the no observed effect 
level (NOELAmaxl for transportation noise events is at most 42 dB(A).The most sen
sitive instantaneous effect that has been studied extensively in field studies is motil
ity. A single interval with (onset of) noise-induced motility by itself cannot be con
sidered to be adverse. 

However, noise-induced motility is a sign of arousal, and frequent (micro-)arousal 
and accompanying sleep fragmentation can affect mood and functioning next day 
and lead to a lower rating of the sleep quality. Therefore, motility is relevant for 
adverse health effects, but more than a few intervals with noise-induced motility are 
needed for inducing such effects. Although additional, more sophisticated analyses 
could be performed to refine this estimate, we propose LAmax = 32 dB(A) as the cur
rently best estimate of the threshold for motility induced by transportation noise. 
The threshold found for EEG awakening was LAmax = 35 dB(A), that is, only a lit
tle higher than the 32 dB(A) found for noise-induced awakenings. This would mean 
that the NOELAmax for transportation noise events is most likely at most 32 dB(A}, 
and definitely not higher than 35 dB(A}. It is important to note that the above given 
NOELAmax - 32 dB(A} and NOELAmax - 42 dB(A) are indoor levels, in the sleeping 
room. Although events below 32 dB(A) are audible, and, hence, further research may 
show more sensitive effects than motility, on the basis of the present available evi
dence we propose to assume that NOELAmax = 32 dB(A) and set a health-based 
night-time noise limit that is tolerant for transportation noise events with LAmax -
32 dB(A). On the other hand, since adverse health effects need to be prevented by 
health-based limits and even though vulnerable groups may require lower limits, on 
the basis of the present available evidence we propose to assume that NOAELAmax 
= 42 dB(A} and set a health-based night-time noise limit that does not tolerate trans
portation noise events with LAmax > 42 dB(A}. 

On the basis of the above proposal, it would be possible to derive a night-time noise 
guideline value in terms of Lnighc· Such a guideline value would indicate the level 
below which no short-term effects are to be expected that would lead to temporary 
redm:ed health or chronic disease. Such a guideline value needs to be compared with 
guideline values derived directly with a view to preventing temporary reduced health 
and chronic diseases. In particular, for self-reported sleep disturbancf, which is an 
expression of reduced well-being and may be an indication of effects that could con
tribute to cardiovascular disease, exposure-effect relationships have been derived on 
the basis of an extensive set of original data from studies from various countries 
(Miedema, Passchier-Vermeer and Vos, 2003; Miedema, 2004). The pen:entage of 
people reporting high noise-induced sleep disturbance (%HS} levels off at 45 dB(A) 
but at a non-zero effect level. The remaining effect may be caused by events not 
incorporated in the exposure assessment and it appears that if all noise contributions 
would be incorporated in the exposure metric, high noise-induced sleep disturbance 
would vanish between 40 dB(A) and 45 dB(A), say at 42 dB(A). Since values found 
for other temporary reduced health effects or chronic diseases, in particular cardio
vascular d iseases, will be higher, and considering self-reported sleep disturbance as 
an adverse effect, this would suggest Lnighc = 42 dB(A) as the NOAEL to be com
pared with the value derived from the short-term effects. Note that this is an out
door level, which would, assuming partly opened windows and an actual insulation 
of 15 dB(A), correspond to an indoor equivalent night-time sound level of 27 dB(A). 
The above discussion is based on motility, EEG awakenings, and conscious awaken
ing. In addition, EEG micro-/minor arousals, and autonomic reactions have been dis
cussed above. 
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Furthermore, there are potential instantaneous effects, such as effects on memo
ry consolidation or restoration of the immune system, for which the information 
on a possible relation with noise exposure is so limited that they were not rnn
sidered here. In order to acquire more insight into these effects, more field 
research is needed. Field research is needed because earlier studies have shown 
that estimates of effects on the basis of laboratory studies are much higher than 
estimates from field studies. Methodological differences between the different 
approaches certainly cannot be the only possible explanation. Research allowing 
the introduction of some specific but light laboratory technique into the sleeper's 
own bedroom, should be encouraged, as, for example, used in the Swiss Noise 
Study 2000 {Brink, Muller, and Schierz, 2006). The key to better insight into 
effects of night-time noise, leading to mechanistic models describing the relation
ships between noise exposure, instantaneous effects, effects at the level of a 24-
hour period and chronic effects, appears to be epidemiological studies at home 
with well-designed instrumentation. 

The relationships between noise exposure, instantaneous effects, effects at the 
level of a single 24-hour period and chronic effects is complex because the effects 
at a smaller time scale do not simply add up to effects at a larger time scale. For 
example, the noise-related increase in night-time average motility was substan
tially higher than would be expected on the basis of the instantaneous extra 
motility at the times of the noise events (Passchier-Vermeer et al., 2002), suggest
ing persistent arousal during sleep related to aircraft noise. It is likely that such 
shifts in the basic state are more important for the development of chronic effects 
than the instantaneous effects per se. A further complication is that some effects 
habituate. Habituation in some effect parameters can occur in a few days or 
weeks, but the habituation is not always complete. The measured modifications 
of the cardiovascular functions remain unchanged over long periods of exposure 
time {Muzet and Ehrhart, 1980; Valier et al., 1983). Most striking is that none of 
the cardiovascular responses show habituation to noise after a prolonged expo
sure, while subjective habituation occurs within a few days. It appears plausible 
that, in particular non-habituating effects lead to the development of chronic 
effects, but also the disappearance of effects with continuing exposure may come 
at a cost associated with suppressing the effects. A third complication is that day
time noise exposure may contribute to the effects found in relation to night-time 
noise. Large epidemiological studies are needed that compare populations 
exposed to similar daytime noise and differ in their night-time noise exposure 
only. A specific challenge for mechanistic models on the effects of noise on sleep 
is the identification of factors that make subjects vulnerable to night-time noise. 
The following groups may be hypothesized to be more vulnerable to noise during 
sleep: old people, ill people, people with chronic insomnia, shift workers and peo
ple resting during daytime, people with a tendency to depression, light sleepers, 
pregnant women, people with high anxiety and high stress levels. Furthermore, 
children need attention because of their relatively high exposure during sleep, and 
because they are in a phase of neurocognitive development for which undisturbed 
sleep may be particularly important. 
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CHAPTER 5 

GUIDELINES AND RECOMMENDATIONS 

5.1 ASSESSMENT 
In Chapter 1 the need for a guideline document for night-time exposure to noise was 
defended on the basis of the lack of existing guidance, the signs that a substantial 
part of the population could be exposed to levels of noise that might risk their health 
and well-being and the EU activities that compel the public and authorities to take 
notice when noise maps showing Lnighr levels are made public. 

Where sufficient direct evidence concerning the effects of night-time noise on health 
could not be collected, indirect evidence was looked at: the effects of noise on sleep 
(quality) and the relations between sleep and health. 

In Chapter 2 the evidence was presented that sleep is a biological necessity and dis
turbed sleep is associated with a number of health outcomes. Studies of sleep distur
bance in children and in shift workers clearly show the adverse effects. Unravelling 
the relations between sleep and health (Fig. 2.1) shows that sleep is an essential fea
ture of the organism, so that simple direct relations can hardly be expected. 

In Chapter 3 it was shown beyond doubt that noise disturbs sleep through a num
ber of direct and indirect pathways. Even at very low levels physiological reactions 
(heart rate, body movement and arousals) can be reliably measured. It was also 
shown that awakening reactions are relatively rare, occurring at a much higher level. 

Chapter 4 summarized the known evidence for the direct effects of night-time noise 
on health. The working group agreed that there is sufficient evidence that night noise 
is related to self-reported sleep disturbance, use of pharmaceuticals, self-reported 
health problems and insomnia-like symptoms. These effects can lead to a consider
able burden of disease in the population. For other effects (hypertension, myocardial 
infarctions, depression and others), limited evidence was found: although the stud
ies were few or not conclusive, a biologically plausible pathway could be construct
ed from the evidence. 

An example of a health effect with limited evidence is myocardial infarction. 
Although evidence for increased risk of myocardial infarction related to Lday is suf
ficient according to an updated meta-analysis, the evidence in relation to Lnighr,ourside 

was considered limited. This is because Lnighr,ourside is a relatively new exposure indi
cator, and few field studies have focused on night noise when considering cardiovas
cular outcomes. Nevertheless, there is evidence from animal and human studies sup
porting a hypothesis that night noise exposure might be more strongly associated 
with cardiovascular effects than daytime exposure, highlighting the need for future 
epidemiological studies on this topic. 

The review of avai lable evidence leads to the following conclusions. 

• Sleep is a biological necessity and disturbed sleep is associated with a number of 
health outcomes. 
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• There is sufficient evidence for biological effects of noise during sleep: increase 
in heart rate, arousals, sleep stage changes and awakening. 

• There is sufficient evidence that night noise exposure causes self-reported sleep 
disturbance, increase in medicine use, increase in body movements and (environ
mental) insomnia. 

• While noise-induced sleep disturbance is viewed as a health problem in itself 
(environmental insomnia), it also leads to further consequences for health and 
well-being. 

• There is limited evidence that disturbed sleep causes fatigue, accidents and 
reduced performance. 

• There is limited evidence that noise at night causes hormone level changes and 
clinical conditions such as cardiovascular illness, depression and other mental ill
ness. It should be stressed that a plausible biological model is available with suf
ficient evidence for the elements of the causal chain. 

In the next section threshold levels are presented for the effects, where these can be derived. 

5.2 THRESHOLDS FOR OBSERVED EFFECTS 

The NOAEL is a concept from toxicology, and is defined as the greatest concentration 
which causes no detectable adverse alteration of morphology, functional capacity, 
growth, development or lifespan of the target organism. For the topic of night-time 
noise (where the adversity of effects is not always clear) this concept is less useful. 
Instead, the observed effect thresholds are provided: the level above which an effect 
starts to occur or shows itself to be dependent on the dose. This can also be an adverse 
effect (such as myocardial infarcts) or a potentially dangerous increase in a naturally 
occurring effect such as motility. 

Threshold levels are important milestones in the process of evaluating the health conse
quences of environmental exposure. The threshold levels also delimit the study area, 
which may lead to a better insight into overall consequences. In Tables 5.1 and 5.2 all 
effects are summarized for which sufficient or limited evidence exists (see Table 1.2 in 
Chapter 1 for a definition). For the effects with sufficient evidence the threshold levels 
are usually well known, and for some the dose-effect relations over a range of exposures 
could also be established. 

5.3 RELATIONS WITH LNIGHT,OUTSIDE 
Over the next few years, the END will require that night exposures are reported in 
Lnight, outside· It is therefore interesting to look into the relation between L night, outside 

and the effects from night-time noise. The relation between the effects listed in 
Tables 5 .1 and 5.2 and Lnight,ourside is, however, not straightforward. Short-term 
effects are mainly related to maximum levels per event inside the bedroom: 
LAmax, inside. In order to express the (expected) effects in relation to the single EU 
indicator, some calculation needs to be done. 
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Table 5.1 
Summary of effects and threshold levels for effects where 
sufficient evidence Is available 

Effect Indicator Threshold, Reference 
dB (chapter, section) 

Change in cardiovascular • * 3.1.5 
activity 

EEG awakening LAmax 35 4.10 
inside ' 

Biological Motility, onset of LAmax, 32 3.1.8, dose-effect 
effects moti lity inside relation for 

aircraft 

Changes in duration of LAmax, 35 3.1 
various stages of sleep, inside 

in sleep structure and 
fragmentation of sleep 

Waking up in the night and/ LAmax> 42 3 .1. 7, dose-effect 
or too early in the morning inside relation for 

aircraft 

Prolongation of the sleep * 3.1 
inception period, difficulty 

Sleep getting to sleep 

quality 
Sleep fragmentation, * 3.1 
reduced sleeping time 

Increased average motility Lnight• 42 3.2, dose-effect 
when sleeping outside relation for 

aircraft 

Self-reported sleep Lnighv 42 4.2, dose-effect 
disturbance outside relation for 

Well- aircraft/road/rail 
being 

Use of somnifacient drugs Lnight• 40 4.5.8 
and sedatives outside 

Medical Environmental insomnia •• Lnight• 42 3.1; 4.1; 4.2 
conditions outside 

• Al1ho11gh the effect has been shown ID occ11r or a pla11sible biological pathway co11ld /,e co11slrucled, i11d1ca• 
tors or threshold levels cottld 1101 be determined. 

• • Note that "env,ronmental i11somma" 1s the resttll of diagnosis /,ya medical professional whilst "self-report
ed sleep distttrbance" 1s essentially the same, bttt reported in the conlexl of a social s11rvey. Nttmber of q11es
tions and exact wording may differ. 
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Table 5.2 
Summary of effects and threshold levels for effects 

where limited evidence Is available+ 

Effect Indicator 

Biological Changes in (stress) * 
effects hormone levels 

Drowsiness/ti redness during * 
the day and evening 

Increased daytime irritability * 

Well- Impaired social contacts * 
being 

Complaints L nigh,,ou,iiJc: 

Impaired cognitive * 
performance 

Insomnia * 

Hypertension Lni~r,omsidc 

Obesity • 

Depression (in women) * 

Myocardial infarction L nii:.ht,nuu:ide 

Reduction in life expectancy * 
(premature mortality) 

Psychiatric disorders Lnigh1,ouu:idc 

(Occupational) accidents * 

Estimated, Reference 
threshold dB (chapter, section) 

* 2.5 

* 2.2.3 

• 2.2.3 

• 2.2.3 

35 4.3 

• 2.2.3 

• 4.6 

50 2.2.3; 
4.5.6 

* 2.2.3 

* 4.8 

50 4.5.15 

* 2.2.3; 2.5 

60 4.8.15 

* 2.2.3; 2.4 

+ Note that as the evidence for the effects in this table is limited, the threshold lev,ls also have a limited 
weight. In general they are based 0 11 expert judgem,nt of the evidence. 

• Altho11gh the effect has been shown to occur or a plausible biological pathway could be constm cttd, indica
tors or threshold levels could not be det,rmined. 

The calculation for the total number of effects from reaction data on events 
(arousals, body movements and awakenings) needs a number of assumptions. T he 
first that needs to be made is independence: although there is evidence (Brink, 
M iiller and Schierz, 2006) that the order of events of different loudness strongly 
influences the reactions, the calculation is nearly impossible to carry out if this is 
taken into consideration. 

NIGHT NOISE GUIOELINES r0R EUROPE 

 
006687

ADMINISTRATIVE RECORD - Scan 2 - Page 60 of 81

- Page 1861 -



GUIDELINES AND RECOMMENDATIONS ID 

Secondly, the reactions per event are known in relation to levels at the ear of the 
sleeper, so an assumption for an average insulation value must be made. In this 
report a value of 21 dB (see Chapter 1, sections 1.3.4 and 1.3.5) has been sele.:t
ed. This value is, however, subject to national and cultural differences. One thing 
that stands out is the desire of a large part of the population to sleep with win
dows (slightly) open. The relatively low value of 21 dB already takes this into 
account. If noise levels increase, people do indeed close their windows, but obvi
ously reluctantly, as then complaints about bad air increase and sleep disturbance 
remains high. This was already pointed out in the WHO guidelines on communi
ty noise (WHO, 1999). 

From source to source the number of separate events varies considerably. Road 
traffic noise is characterized by relatively low levels per event and high numbers, 
while air and rail traffic are characterized by high levels per event and low num
bers. For two typical situations estimates are made and presented in graphical 
form. The first is an average urban road (600 motor vehicles per night, which cor
responds roughly to a 24-hour use of 8000 motor vehicles, or 3 million per year, 
the lower boundary the END sets) and the second case is for an average situation 
of air traffic exposure (8 flights per night, nearly 3000 per year). 

Fig. 5.1 shows how effects increase with an increase of Lnight,outside values for the 
typical road traffic situation (urban road ). A large number of events lead to high 
levels of awakening once the threshold of LAmax,inside is exceeded. To illustrate 
this in practical terms: values over 60 dB Lnight,outsiJe occur at less then 5 metres 
from the centre of the road. 

In Fig. 5.2 the same graph is presented for the typical airport situation. Due to a 
lower number of events there are fewer awakenings than in the road traffic case 
(Fig. 5.1), but the same or more health effects. 

In these examples the worst case figures can be factors higher: the maximum 
number of awakenings for an Lnight,outside of 60-65 dB is around 300 per year. 

A recent study suggests that high background levels (from motorways) with low 
numbers of separate events can cause high levels of average motility (Passchier
Vermeer, to be published). In Table 5.3 the full details are summarized. 

5.4 DEALING WITH SITUATIONS EXCEEDING THE 
THRESHOLDS 

Noise exposure data demonstrate that a large part of the population is over the no
effect levels. It is expected that this will extend into the future for quite some time. 
This means that circumstances may require that a risk assessment must be made. It 
is then recommended to apply the method laid out in Chapter 1, using the values 
given in Tables 5.1 and 5.2 and the dose-effect relations given in Chapter 4. 

Typical actions requiring risk assessment are: 

• new infrastructure projects (if an environmental impact statement is required) 
• improvement programmes 
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• policy evaluation 
• national or international setting of limit values. 

In the EU Position Paper {European Commission, 2002a) an overview of national 
night-time noise regulations can be found. 
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Table 5.3 
Effects (yearly, additional with respect to the normal except odd ratio) O=below threshold, +=increase) 

Lnight,ouuidc Arousals Body movements Average body Awakenings % sleep M yocardial 
related to single movements disturbed infarcts 
exposures (without single ( % highly sleep 
( 15 sec intervals) exposures) disturbed) 

UNIT number number number number number number number % of exposed odd ratio 

average average average average air road rail 
air urban air urban 

traffic road traffic road 
/ 

NORMAL Children Adults 21 000 21 000 600 0 
2 555 3 650 

20-25 0 0 0 0 200 0 0 0 0 0 
25-30 0 0 7 0 875 0 0 <3 <3 <2 
30- 35 + + 22 0 1 547 0 0 <3 <3 <2 
35-40 + + 37 0 2 220 0 0 4 3 2 
40-45 + + 58 243 2 900 2 0 4 3 2 
45- 50 + + 85 635 3600 5 0 6 5 2 
50-55 + + 11 1 1 145 4 200 9 0 9 7 3 
55-60 + + 145 1 770 4 900 12 54 12 9 4 1.1 
60-65 + + 180 2 520 5 500 17 155 17 14 6 1.2 

Source: European Commission, 2002 a 

s.s PROTECTION MEASURES AND CONTROL 

What is the best strategy to reduce sleep disturbance? The first thought should always be to 

reduce the impact, either by reducing the number of events or by reducing the sound levels, or 
both. For some effects reducing the number of events may seem to be more effective (although 
that depends on the exact composition). Other effects are reduced by lowering overall noise 
level by either the number of events, the levels per event or by any combination. 

In combination with other measures, sound insulation of bedroom windows is an option, but 
care must be taken to avoid negative impact on inside air quality. Even then, many people may 
want to sleep with their windows open, thereby making the insulation ineffective. Although 
good instruction may go some way to helping to overcome this, it is still a matter well worth 
taking into account. In warmer climates, in particular, insulation is not a serious option for res
idential purposes and excessive exposure must be avoided either by removing the people 
exposed or removing the source if source-related measures fail. 

Although air conditioning of houses (or just bedrooms) is not commonplace in the EU, there 
are indications that its use is increasing, especially in the warmer parts of the Region. Although 
this still leaves the possibility that people may sleep with their windows open outside the sum
mer season, it is something to consider when discussing measures. 

Exposed areas could be a good choice for uses such as offices, where there will be no people at 
night, or where it is a physical impossibility to sleep with the windows open (fully air-condi
tioned buildings, for example hotels and sometimes hospitals). 
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A simple measure is the orientation of noise-sensitive rooms on the quiet side of the 
dwelling (this applies to road and rail traffic noise). 

Zoning is an instrument that may assist planning authorities in keeping noise-sensi
tive land uses away from noisy areas. In the densely populated areas of the EU this 
solution must often compete, however, with other planning requirements or a sim
ple lack of suitable space. 

5.6 RECOMMENDATIONS FOR HEALTH PROTECTION 

Sleep is an essential part of healthy life and is recognized as a fundamental right under the 
European Convention on Human Rights1{European Court of Human Rights, 2003). 
Based on the systematic review of evidence produced by epidemiological am! experimen
tal studies, the relationship between night noise exposure and health effects can be sum
marized as below. (Table 5.4) 

Table 5.4 
Effects of different levels of night noise on the population's health

2 

Average night noise level 

over a year Lnight, outside 

Up to 30 dB 

30 to 40 dB 

40 to 55 dB 

Above 55 dB 

Health effects observed in the population 

Although individual sens1t1v1t1es and circumstances may 
differ, it appears that up to this level no substantial biolog
ical effects are observed. Lnight,outside of 30 dB is equiva
lent to the NOEL for night noise. 

A number of effects on sleep are observed from this range: 
body movements, awakening, self-reported sleep distur
bance, arousals. The intensity of the effect depends on the 
nature of the source and the number of events. Vulnerable 
groups (for example children, the chronically ill and the 
elderly) are more susceptible. However, even in the worst 
cases the effects seem modest. Lnight,outside of 40 dB is 
equivalent to the LOAEL for night noise. 

Adverse health effects are observed among the exposed 
population. Many people have to adapt their lives to cope 
with the noise at night. Vulnerable groups are more severe
ly affected. 

The situation is considered increasingly dangerous for 
public health. Adverse health effects occur frequently, a 
sizeable proportion of the population is highly annoyed 
and sleep-disturbed. There is evidence that the risk of car
diovascular disease increases. 

1 "Article 8:1. Everyone has the right to respect for his private and family life, his home and his correspondence." 
Although in the case against the United Kingdom the Court ruled that the United Kingdom Government was 
not guilty of the charges, the right to undisturbed sleep was recognized (the Court's consideration 96). 

'Lniih,,ouuiJ, in Tab le 5.4 and 5.5 is the night-time noise indicator (Lniih,) of Directive 2002/49/EC of 25 June 
2002: the A-weighted long-term average sound level as defined in ISO 1996-2: 1987, determined over all the 
night periods of a year; in which: the night is eight hours (usually 23.00 - 07.00 local rime), a year is a relevant 
year as regards the emission of sound and an average year as regards the meteorological circumstances, the inci
dent sound is considered, the assessment point is the same as for LJ,n · See Official Journal of the European 
Communities, 18.7.2002, for more derails. 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006691

ADMINISTRATIVE RECORD - Scan 2 - Page 64 of 81

- Page 1865 -



- l 

GUIDELINES AND RECOMMENDATIONS II\DII 

Below the level of 30 dB Lnight,outside, no effects on sleep are observed except for a 
slight increase in the frequency of body movements during sleep due to night noise. 
There is no sufficient evidence that the biological effects observed at the level below 
40 dB Lnight,outside are harmful to health. However, adverse health effects are 
observed at the level above 40 dBLnight,outside, such as self-reported sleep distur
bance, environmental insomnia, and increased use of somnifacient drugs and seda
tives. Therefore, 40 dB Lnighr, omside is equivalent to the LOAEL for night noise. 
Above 55 dB the cardiovascular effects become the major public health concern, 
which are likely to be less dependent on the nature of the noise. Closer examination 
of the precise impact will be necessary in the range between 30 dB and 55 dB as 
much will depend on the detailed circumstances of each case. 

A number of instantaneous effects are connected to threshold levels expressed in 
LAmax (Table 5.1). The health relevance of these effects cannot be easily established. 
It can be safely assumed, however, that an increase in the number of such events over 
the baseline may constitute a subclinical adverse health effect by itself leading to sig
nificant clinical health outcomes. 

Based on the exposure-effects relationship summarized in Table 5.4, the night noise 
guideline values are recommended for the protection of public health from night 
noise as below (Table 5 .5). 

Night noise guideline (NNG) 

Interim target (IT) 

L.,;~h,,om,;dc = 40 dB 

L.,;~h,,om,;de = 55 dB 

Table 5.5 
Recommended night noise 
guidelines for Europe 

For the primary prevention of subclinical adverse health effects related to night noise 
in the population, it is recommended that the population should not be exposed to 

night noise levels greater than 40 dB of Lnight,outside during the part of the night when 
most people are in bed. The LOAEL of night noise, 40 dB Lnighr,outside, can be con
sidered a health-based limit value of the night noise guidelines (NNG) necessary to 
protect the public, including most of the vulnerable groups such as children, the 
chronically ill and the elderly, from the adverse health effects of night noise. 

An interim target (IT) of 55 dB Lnight,outside is recommended in the situations where 
the achievement of NNG is not feasible in the short run for various reasons. It 
should be emphasized that IT is not a health-based limit va lue by itself. Vulnerable 
groups cannot be protected at this level. Therefore, IT should be considered only as 
a feasibility-based intermediate target which can be temporarily considered by 
policy-makers for exceptional local situations. 

All Member States are encouraged to gradually reduce the proportion of the popu
lation exposed to levels over the IT within the context of meeting wider sustainable 
development objectives. It is highly recommended to carry our risk assessment and 
management activities at local and national levels targeting the exposed population, 
and aiming at reducing night noise to the level below IT or NNG. IT and NNG can 
be used for health impact assessment of new projects (for example construction of 
roads, railways, airports or new residential areas) even before the achievement of IT, 
as well as for the risk assessment of the whole population. In the long run the NNG 
would be best achieved by control measures aimed at the soun;es along with other 
comprehensive approaches. 
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5.7 RELATION WITH THE GUIDELINES FOR 
COMMUNITY NOISE (1999) 

The Guidelines for community noise (WHO, 1999) have been quoted a number of 
times in this paper, so one could rightfully ask what the relation is between the 1999 
guidelines and the present NNG. 

Impact of night-time exposure to noise and sleep disturbance is indeed covered in the 
1999 guidelines, and this is the full statement (WHO, 1999): 

"If negative effects on sleep are to be avoided the equivalent sound pressure level 
should not exceed 30 dBA indoors for continuous noise. If the noise is not con
tinuous, sleep disturbance correlates best with LAmax and effects have been 
observed at 45 dB or less. This is particularly true if the background level is low. 
Noise events exceeding 45 dBA should therefore be limited if possible. For sen
sitive people an even lower limit would be preferred. It should be noted that it 
should be possible to sleep with a bedroom window slightly open (a reduction 
from outside to inside of 15 dB). To prevent sleep disturbances, one should thus 
consider the equivalent sound pressure level and the number and level of sound 
events. Mitigation targeted to the first part of the night is believed to be effective 
for the ability to fall asleep." 

It should be noted that the noise indicators of the 1999 guidelines are LAeq and 
LAmax• measured inside for continuous and non-continuous noise, respectively. The 
present night noise guidelines adopt an harmonized noise indicator as defined by 
Environmental Noise Directive (2002/49/EC): Lnighr measured outside, averaged 
over a year. 

It should also be borne in mind that the 1999 guidelines are based on studies carried 
out up to 1995 (and a few meta-analyses some years later). Important new studies 
(Passchier-Vermeer et al., 2002; Basner et al., 2004) have become available since 
then, together with new insights into normal and disturbed sleep. 

Comparing the above statement with the recommendations, it is clear that new 
information has made more precise statements possible. The thresholds are now 
known to be lower than LAmax of 45 dB for a number of effects. The last three sen
tences still stand: there are good reasons for people to sleep with their windows 
open, and to prevent sleep disturbances one should consider the equivalent sound 
pressure level and the number of sound events. The present NNG allow responsible 
authorities and stakeholders to do this. Viewed in this way, the Night noise guide
lines for Europe complements the 1999 guidelines. This means that the recommen
dations on government policy framework on noise management elaborated in the 
1999 guidelines should be considered valid and relevant for the Member States to 
achieve the guideline values of this document. 
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APPENDICES lmll 

APPENDIX 1. GLOSSARY OF TERMS AND 
ACRONYMS 

Term/acronym 

Actimetry 

ADHD 
Behavioural awakening 

BP 
CAP 
EBD 
END 
EEG 

ECG 

EEG awakening 

Heart rate acceleration 

HPA axis 
ICSD 
IHD 
Insomnia 

Motility onset 

Mg 
Motility 

OR 

Definition 

The measurement of accelerations associated with the 
movement of an actimeter 
Attention-deficit hyperactivity disorder 
Awakening that is registered by the subject by means of 
a conscious action 
Blood pressure 
Cyclic alternating patterns 
Environmental burden of disease 
Environmental Noise Directive (2002/49/EC) 
Electroencephalogram, recording of electric activity in 
the brain 
Electrocardiogram, recording of electric activity of the 
heart 
Transition from a state of sleep to a state of conscious
ness, as determined by a sleep EEG 
A temporary rise in heart rate relative to the average 
heart rate assessed shortly before a noise event 
Hypothalamus-pituitary-adrenal axis 
International Classification of Sleep Disorders 
Ischaemic heart disease 
Sleeping disorder consistent with an internationally 
accepted definition (see ICSD), which takes account of 
difficulty falling or staying asleep, the daytime implica
tions and the duration of the problems 
Exposure to noise for the duration of a given time inter
val T (a 24-hour period, a night, a day, an evening) is 
expressed as an equivalent sound pressure level (mea
sured in dB(A)) over the interval in question 
Maximum outdoor sound pressure level associated with 
an individual noise event 
Refers to the EU definition in Directive 2002/49/EC: 
equivalent outdoor sound pressure level associated with 
a particular type of noise source during night-time (at 
least 8 hours), calculated over a period of a year 
The presence of movement in a short time interval, fol
lowing an interval without movement 
Magnesium 
The presence of movement in a short time interval, as 
recorded on an actigram 
Odds ratio: the ratio of the odds of an event occurring 
in another group, or to a sample-based estimate of that 
ratio 
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Term/acronym 

OSAS 
OTC 
Polysomnography 

REM 
RR 

SEL 

Sleep disturbance 

Sleep EEG 

Sleep fragmentation 

Sleep latency 

Sleep stage change 

SMR 
SROBD 
sws 
VARS 

NIGHT NOISE GUIDELINES FOR EUROPE 

Definition 

Obstructive sleep apnoea syndrome 
Over-the-counter {medi<.::ines sold without prescription) 
The measurement during a subject's time in bed of his 
or her brain activity by means of EEG, EOG and EMG. 
The technique involves the use of electrodes to record 
electrical potentials in the brain 
Rapid eye movement {sleep phase) 
Relative risk: a ratio of the probability of the event 
occurring in the exposed group vs. the control (non
exposed) group 
Sound exposure level: equivalent outdoor sound pres
sure level associated with an individual noise event, 
with the equivalent level standardized at one second 
Disturbance of sleep by night-time noise, as perceived 
by a subject and described in a questionnaire response 
or journal entry 
Graph created using data from EEG scanning during a 
subject's time in bed, showing the various stages of sleep 
as a function of time 
Within a sleep period, the frequency and duration of 
intervals of wakefulness recorded on a sleep EEG or 
intervals of motility recorded on an actigram 
The length of time taken to fall asleep, i.e. the interval 
between the point at which a person begins trying to go 
to sleep or allowing him/herself to go to sleep and sleep 
inception time 
Change from a deeper stage of sleep to a less deep stage, 
as determined by a sleep EEG 
Standardized mortality ratios 
Sleep related obstructive breathing disorders 
Slow-wave sleep (sleep phase) 
Upper airway resistance syndrome 

I 

I 
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APPENDICES 

APPENDIX 2. RELATIONS BETWEEN LNIGHT AND 
INSTANTANEOUS EFFECTS 

STATEMENT 1 
Let f be a function of SEL that gives the expected number of instantaneous effects 
caused by a single event. With a given Lnighr and a given number of events N, the 
expected number of times that an effect occurs in the night, n, is maximal if all events 
have equal SEL, provided that f0 101g is increasing but negatively accelerated. 

STATEMENT 2 
If 

nmax = 1o(Lnighr-SEL+?0.2)/10. f(SEL), 

has a maximum over SEL and f is the quadratic function f(SEL) = a SEL2 + b SEL 
+ c, then the maximum occurs irrespective o f Lnighr at 

SELo = 4.34 - A± ((A - 4.34)2 - (c/a) + 8.68A)li2, 

where A = b/(2a). {Only with + at the place of ± the value will come in the realistic 
range of SEL) 

STATEMENT 3A 
If the shape of the time pattern of the sound level has a block form, then SEL = LAmax 
+ l 0lg(T ), where LAmax is the maximum sound level {integrated over 1-s) and Tis 
the duration of the noise event in seconds. 

STATEMENT 3B 
If the sound level increases with rate a {in dB(A)/s) and after time point t = 0 decreas
es with rate -a, then SEL=LAmax - l0lg{a) + 9.4. 
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APPENDIX 3. ANIMAL STUDIES ON STRESS 
AND MORTALITY 

INTRODUCTION 
Is noise a health risk or does it just annoy? This basic question needs co be careful
ly answered when establishing night noise guidelines. No one will deny that in the 
case of high noise levels there is a risk of inner ear damage, but what about the mod
erate levels of environmental noise? To approach chis rather difficult question, all 
available methods muse be combined. 

1. In animal experiments it is possible co assess the complete causal chain from noise 
exposure via physiological reactions and biological risk factors to morbidity or 
even mortality. However, a quantitative application of the results to humans is not 
possible. Instead, the method is useful in studying the pachomechanisms qualita
tively. 

2. Experiments on humans are, for ethical reasons, restricted to the study of 
reversible physiological reactions. But as long as there is no proof that reactions 
co chronically repeated noise exposures are increasing the risk of specific diseases, 
the results of such physiological studies are nor considered conclusive. 

3. Epidemiological studies have the advantage of investigating health effects which 
are particularly caused by chronic noise exposure although there is no possibi lity 
to control all influencing factors. Additionally, epidemiological studies have co be 
based upon biologically evident hypotheses. 

A hypothetical model of noise-induced health effects is shown in Fig. 4.3 in Chapter 4, 
section 4.5.2 of this report. This model is based on the results of noise experiments 
with animals and humans. With animal experiments, the whole causal chain from 
noise exposure to health outcome can be traced as a direct pathway starting with a 
chronic high level noise exposure which, via endocrine stress reactions, leads, for 
example, to microcirculatory defects and to manifest hypertension. 

Physiological experiments on humans have shown that noise of a moderate level acts 
via an indirect pathway and has health outcomes simila r to those caused by high 
noise exposures on the direct pathway. The indirect pathway starts with noise
induced disturbances of activities such as communication or sleep. Since we are deal
ing with night noise guidelines, noise-induced sleep disturbances and any resulting 
persistent health effe.:ts are of primary interest here. 

In physiological studies with experimentally changed noise exposure, the increase of 
arousals and of hormone excretion was studied in sleeping people. If this model is 
correct then in the cause-effect chain the arousa l ought co precede the endocrine 
reactions. This order was derived from the different reaction times of the effects. 
While arousals appear within 1 second after a noise stimulus, hormones like cate
cholamines take several minutes, and cortisol about 10 minutes to be increased. This 
observation, together with the fact that arousals are evoked by equal or lower noise 
levels than the corresponding endocrine reactions, confirms the correctness of the 
model and leads to an important conclusion: noise exposure which does not evoke 
arousals in sleeping people will not induce adverse health effects. 

This conclusion is essential with regard to night noise guidelines. However, the 
answers to the basic question as to whether certain health risks are connected with 
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environmental noise must be clarified by epidemiological studies based on noise 
experiments on both humans and animals. 

TYPES OF ANIMAL STUDIES 
Noise has often been used as a stressor in animal studies. Even Selye (1953), who intro
duced the psychophysiological stress concept, used noise stimuli in his animal studies. 
Most of the modern animal studies testing the pharmacological effeas of drugs are car
ried out with and without various stressors. The typical noise exposure is to short and 
very intensive sounds. One such example is the study of Diao et al. (2003) who 
exposed guinea pigs to 4 kHz octave band noise at 115 dB for 5 hours. But these exper
iments are of little value regarding the noise exposure types in question. 

The same is true for another type of animal study concerned with the prevention of 
noise-induced health effects in wild and domestic animals (for review of the former 
kind see Fletcher, 1983). One example for the latter kind is the study of Geverink et 
al. (1998) on stress responses of pigs to transport and lairage sounds. 

Since the subject of the present paper is noise-induced health effects in humans, the 
review addresses only those studies in which animals are used as a model for 
humans. 

The animal model for aural effects in humans has been established in great detail, so 
that even quantitative transference of results from animals to humans is possible. 
However, inner ear damage generally occurs at much higher noise levels than the 
environmental levels under discussion in this paper. Therefore interest focuses on 
animal models with respect to extra-aural noise effects. 

LIMITING ASPECTS OF ANIMAL MODELS 
Other than in studies on aural effects, the animal model does not allow quantitative 
comparisons in studies of extra-aural noise effects. It may, however, be used for the 
qualitative investigation of pathophysiological mechanisms following exposure to 
acute and very short sounds. But an animal model for long-term noise effects as 
caused by chronically repeated noise exposures needs careful planning. First it has to 
be ensured that stress reactions in both humans and animals when activated by noise 
exposure are qualitatively comparable. Secondly, the stress effects of chronic noise 
exposure have to be assessed in humans, and the animal models should be designed 
correspondingly. However, in the animal model, influences from cortical intercon
nections have co be excluded as a factor in these noise experiments. Naturally, one 
cannot expect to establish an animal model for indirect environmental noise effects 
which in humans may, for example, disturb activities such as verbal communication, 
which in turn may induce stress hormone increases. 

STRESS HORMONES IN NOISE-EXPOSED ANIMALS 

HABITUATION 
In short-term experiments any kind of exposure to loud noise will cause acute 
increases of stress hormones. Long-term repeated noise exposure, however, will 
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cause a certain habituation in the animal. Periodic repetitions of identical noise 
bursts lead to almost complete habituation. This was probably the main reason why 
Borg ( 19 81) found no adverse health effects in rats exposed for their whole lives to 
periodic noise pulses. Therefore, random series of noise pulses are now applied in 
most long-term studies. 

Selye (1974) had already stated that not all stages of a stress response are noxious, 
especially in the case of mild or brief exposures. Since environmental noise is a mild 
stressor, adverse health effects are only to be expected under the condition that 
repeated noise exposures induce long-term stress hormone changes. According to the 
Allostatic Load Model (McEwen, 1998), the normal response to an environmental 
stressor such as noise is the physiological activation of the endocrine system enabling 
the body to cope with the stressor and, after the stress situation is terminated, to shut 
off the allostatic response. 

J.D. HENRY'S MODEL OF BEHAVIOURAL STRESS EFFECTS 

On the basis of the available literature on stress effects in animals and humans, 
Henry (1992) developed a model with regard to different biological effects and 
health risks associated with different coping styles. He explains that the neuroen
docrine response to various challenges and threats varies according to the type and 
degree of control a mammal can exert over it. This in turn is strongly determined by 
the animal's previous experience. In general, the sympathetic adrenomedullary sys
tem is preferentially activated when the animal displays an active response to escape 
from or deal with an environmental challenge. This is the fight/flight mode of stress 
response. The adrenocortical axis is preferentially activated as the subjects become 
immobile/passive when no control or threat of its loss is experienced. This is the con
servation/withdrawal mode of response. 

THE NOISE STRESS MODEL 

On the basis of noise effect studies in animals and humans (for review see Ising and 
Braun, 2000), a noise stress model was developed. It describes a differentiation of 
prevailing "stress hormones" under noise exposure. Predominantly adrenaline - and 
to a lesser degree noradrenaline - are released from the adrenal medulla as the nor
mal response to novel noise stimuli of moderate intensity. Following long-term noise 
exposures of moderate intensity habituation will alter the response mode and pre
dominantly noradrenaline is released. As a response to extremely intensive noise, 
near the inner ear pain threshold, predominantly cortisol is released from the adre
nal cortex induced by increased releases of adrenocorticotropic hormone (ACTH), 
especially in the case of unexpected noise. 

The described differentiation will only be observed under special conditions. 
Unexpected exposure for three minutes to white noise at 75 dB leads, in dogs that 
are awake, to increased adrenal secretion of adrenaline and noradrenaline and - fol
lowing a delayed increase in plasma ACTH - an increase in cortisol secretion 
(Engeland, Mi ller and Gann, 1990). 

The cortisol response as described is valid for animals and humans in their active 
phases. During sleep, however, several studies in humans showed cortisol increases 
under exposure to traffic noise of moderate levels (Maschke, Arndt and Ising, 1995; 
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Evans et al.2001; Ising and Ising, 2002; Ising et al., 2004). It was hypothesized 
that noise stimuli signalling a danger, for example the noise of an approaching 
lorry, will, during sleep, normally generate a defeat reaction, which includes the 
release of cortisol from the adrenal cortex. Appropriate studies with sleeping ani
mals after conditioning them - for example with a specific noise stimulus followed 
by pain - should be carried out to test this hypothesis. 

Rats were exposed for a period of 12 hours to low-altitude flight noise - repro
duced electro-acoustically once per hour on average at stochastically fluctuating 
intervals (LAmax 125 dB, 10 dB downtime: 1 s, Leq: 89 dB) {Ising et al., 1991; Ising, 
1993). Adrenaline and noradrenaline excretions tended to decrease, whereas plas
ma cortisol increased significantly. Although in rats corticosterone is secreted 
rather than cortisol, we will simplify this paper by using cortisol for rats all the 
same. In this experiment, as well as in all others of our group, normally four rats 
were kept in one stainless steel cage, which was set on a funnel to collect their 
urine. 
These results show that exposure to noise levels approaching or exceeding the pain 
threshold of the inner ear leads to endocrine reactions qualitatively different from 
those induced by less intensive noise. 

The different endocrine reactions to acute and chronic noise exposure were stud
ied in rats by Gesi et al. (20026), They were exposed either to a single {6-hour) 
session of loud {100 dB(A)) noise, or to the same noise stimulus repeatedly every 
day for 21 consecutive days. Exposure to noise for 6 hours on one day induced 
parallel increases in dopamine, noradrenaline and adrenaline concentrations in tis
sue samples of the adrenal medulla. After 21 days of noise exposure, noradrena
line concentration was significantly higher than in controls, and that of adrenaline 
decreased significantly. Cortisol was not assessed in this study. 

In another subchronic noise experiment, rats were exposed to irregular white noise 
at 90 dB for 3 and 9 hours per day during 18 and 8 days respectively (van Raaij 
et al., 1997). In rats with 3 hours of exposure per day the blood concentrations of 
adrenaline, noradrenaline and cortisol did not differ from controls. Exposure for 
9 hours per day, however, resulted in significantly increased concentrations of 
noradrenaline and cortisol. At the end of the experiment all animals were subject
ed to restraint stress and their endocrine reactions were assessed. The authors sum 
up their findings as follows: these results indicate that chronic noise exposure at 
mild intensities induces subtle but significant changes in hormonal regulation. 

The results of another experiment with different levels of random white noise puls
es during 45 minutes per hour, 12 hours per day for 8 days demonstrate that cor
tisol responses to subchronic mild noise exposure do not monotonously increase 
with the noise levels (Bijlsma et al., 2001). While in rats exposed to 95 dB pulses 
plasma cortisol concentrations were raised twofold against controls, the exposure 
to 105 dB pulses did not increase cortisol significantly. 

The time dependency of cortisol increase in the blood of rats under exposure to 
white noise (100 dB, 6 hours per day for 21 days) was examined by Gesi et al. 
(2001). The authors found a progressive increase in cortisol which reached a 
plateau 9 days from the beginning of exposure. 

In summing up the results of these studies we can reach the following conclusions. 
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• Acute exposure to unexpected and novel noise of moderate intensities leads to acti
vation of both the sympathetic adrenal-medullary system with increased secretion 
of adrenaline and noradrenaline, and the HPA axis with increased secretion of 
ACTH and of cortisol from the adrenal cortex. 

• Under chronic exposure to unpredictable noise , adrenaline secretion is reduced to 
normal or subnormal values while noradrenaline and ACTH/cortisol concentra
tions remain increased. 

• Extremely intensive unpredictable noise near the inner ear pain threshold triggers, 
in mammals that are awake, a defeat reaction with increases of ACTH/cortisol 
while the catecholamines adrenaline and noradrenaline remain normal or are 
slightly decreased. 

• Chronic noise exposure at mild intensities will induce changes in hormonal regu
lation, if the individual threshold of allostasis is exceeded. A chronic allostatic load 
leads to subtle but significant changes in hormonal regulation, which are at pres
ent not fully understood. 

EFFECTS OF PRENATAL NOISE EXPOSURE 
ON THE SENSITIVITY TO STRESS 

Pregnant rats were subjected to noise and light stress, three rimes weekly on an 
unpredictable basis throughout gestation (Weinstock et al., 1998). Blood concentra
tions of adrenaline, noradrenaline and cortisol at rest and after footshock were 
assessed. Ar rest cortisol was significantly increased in offspring of stressed rats in 
comparison to controls while adrenaline and noradrenaline did not differ in either 
of the groups. After footshock, noradrenaline was significantly higher in offspring of 
stressed rats, showing that prenatal stress can induce long-term changes in the sen
sitivity of the symparhicoadrenal system to stress. 

Pregnant monkeys were repeatedly exposed to unpredictable noise during days 
90-145 after conception (Clarke et al., 1994). Blood concentration of ACTH and 
cortisol were measured in offspring of stressed and control monkeys at rest and 
under four progressively stressful conditions. Prenatally stressed offspring showed 
higher ACTH than controls in all four stressful conditions while cortisol did not 
change under stress. These results indicate that prenatal stress may have long-term 
effects on the HPA axis regulation. 

EFFECTS OF NOISE EXPOSURE ON CORTISOL 
AND THE IMMUNE SYSTEM 

The effect of acute noise stress on rats was studied by assessing blood concentrations 
of cortisol and total as well as differential leukocyte count (Archana and 
Namasivayam, 1999). A significant increase in cortisol and a significant decrease of 
total leukocyte counts were found. 

Rats were exposed to "rock" music (80dB) for 24 hours (McCarthy, Quimet and 
Daun, 1992). In vitro stimulation of leukocyte subpopulations revealed several noise 
effects. Neurrophils and macrophages secreted significantly less superoxide anion 
and interleukin-I. Such effects may be detrimenta l to wound healing. 

NIGHT NOISE GUIDELINES FOR EUROPE 

 
006725

ADMINISTRATIVE RECORD - Scan 3 - Page 17 of 235

- Page 1899 -



Pregnant rats were from gestation day 15 to day 21 daily exposed to the noise of a 
fire alarm bell (LAmax = 85-90 dB) delivered randomly for 1 hour (Sobrian et al., 
1997}. In developing offspring mitogen-specific alterations in lymphoproliferatic 
activity and reduced immunoglobulin G levels were found at postnatal day 21. 
Aguas et al. (1999) exposed a special breed of mice to low frequency noise - a model 
of noise - for three months as described below (Castelo Branco et al., 2003). These 
mice spontaneously developed an autoimmune disease at 6 months of age. Chronic 
low frequency noise exposure accelerated the expression of the autoimmune disease 
and affected the immune system, which was associated with kidney lesions and 
increased mortality. 

Embryotoxic effects 
Geber (1973) exposed pregnant rats day and night for three weeks to constantly 
changing sound mixtures between 76 and 94 dB for 6 minutes per hour, day and 
night, and demonstrated embryotoxic effects, notably calcification defects in the 
embryos. 

Pregnant rats on a moderately magnesium deficient diet were exposed to noise dur
ing their active phase from 20.00 to 08.00 for three weeks (stochastically applied 
white noise impulses LAmax: 87 dB, Leq: 77 dB, t: 1 s duration) (Giinther et al. 1981). 

As compared to controls on the same diet, there was no difference in bone mineral
ization. The only significant effect was an increased fetal resorption rate. 

The noise was changing in Geber's experiment but the noise level was comparable to 
the noise impulses stochastically applied by Giinther et al. (LAmax = 87 dB). Since 
these impulses were more frequent, their stress effect was at least as strong as the 
noise exposure employed by Geber. Therefore the major factor that differentiated the 
two exposure types in causing a reduced mineralization of the rat skeletons (Geber, 
1973) must have been the additional noise exposure during sleep. 

Castelo Branco et al. (2003) studied Wistar rats born under low frequency noise 
exposure. The third octave level of the applied broadband noise was> 90 dB for fre
quencies between 50 and 500 Hz. The broadband level was 109 dB(lin). The expo
sure schedule was chosen as a model for occupational noise: 8 hours per day, 5 days 
per week, and weekends in silence. Third generation rats born in low frequency 
noise environments were observed showing teratogenic malformations including loss 
of segments. 

Morphological alterations in the myocardium caused by acute noise 
Gesi et al. (2002a) reviewed the literature and stated that in experimental animals 
undergoing noise exposure, subcellular myocardial changes have been reported, 
especially at mitochondrial level; in particular, after 6 hours of exposure only the 
atrium exhibited significant mitochondrial alterations, whereas after 12 hours as 
well as subchronic exposure both atrium and ventricle were damaged. 

Exposure of rats to 100 dB(A) noise for 12 hours caused a significant increase of DNA 
damage accompanied by ultrastructural alterations and increased noradrenaline con
centrations in the myocardium {Lenzi et al., 2003). In another paper this group 
described an increase in mitochondrial calcium (Ca) influx caused by the same noise 
exposure. They described Ca accumulation at myocardial subcellular level. Summing 
up their results they wrote that: moreover, the present results joined with previous evi-
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dence indicate that calcium accumulation is the final common pathway responsible for 
noise-induced myocardial morphological alterations {Gesi et al., 2000). 

Connective tissue proliferation 
Hauss, Schmitt and Miiller (1971) described a proliferation of connective tissue in 
the myocardium of rats under acute exposure to noise. 

On the basis of these results a noise exposure experiment was carried out of 5 weeks 
with day and night exposure to stochastically triggered bells {LAmax= 108 dB, t {dura
tion of one signal):1 s, Leq: 91 dB) (Ising, Noack and Lunkenheiner, 1974). We con
firmed the results of Hauss, Schmitt and MUiler (1971) using an electron microscope 
to demonstrate fibrosis in the interstitial tissue of the myocardium. Additionally elec
tron dense areas {visible as black spots) located within bundles of collagen in the 
myocardium were observed. According to Selye (1962), these dark areas were most 
probably caused by high concentrations of calcium {Ca) carbonate or calcium phos
phate deposits. This suggestion is consistent with the results of Gesi et al. (2000). 

After publication of these findings, a reservation was correctly voiced that, as the noise 
exposure had not left intervals for sleep, it was not certain whether the myocardial 
damage was provoked by the noise stress as such or by a noise-induced lack of sleep. 
For this reason, all subsequent experiments provided for noise-free intervals of 8 to 12 
hours during the rats' inactive phases to enable them to sleep. 

Rats were exposed for 28 weeks to a random series of white noise impulses from 
16.00 to 08.00 daily with an 8 hour rest in their inactive phase {Ising et al., 1979). 
The third octave spectrum of the noise was flat between 5 and 25 kHz and had a 
third octave level of 88 dB (!in) (broadband LAmax = 97 dB(lin). L,q = 87 dB(lin)). 
The duration of noise impulses was 4 seconds and the noise to pause ratio 1: 10 on 
average. There was a small but significant increase in hydroxyproline as indicator of 
collagen in the rats' left myocardium. Electron micrographs showed, similar to the 
earlier experiment, collagen bundles in the otherwise empty interstitial space but no 
indication of calcium deposits. 

Respiratory effects 
Castelo Branco et al. (2003) studied respiratory epithelia in Wistar rats born under 
low frequency noise exposure and further exposed for up to 5403 hours during more 
than 2.5 years. The third octave level of the applied broadband noise was > 90 dB 
for frequencies between 50 and 500 Hz. The broadband level was 109 dB(lin). The 
exposure schedule was chosen as a model for occupational noise: 8 hours per day, 5 
days per week and weekends in silence. Rats were gestated and born under the 
described noise exposure with additional exposures from 145 to 5304 hours. 
Transmission electron micrographs of the tracheal epithelium of rats exposed for 
2438 hours revealed a subepithelial layer of hyperplastic collagen bundles, several of 
them exhibiting a degenerative pattern. The results indicate an increased prolifera
tion as well as degenerative processes of collagen. 

Castelo Branco et al. (2003) observed sheared cilia in the respiratory epithelia of 
Wistar rats born under and further chronically exposed to low frequency noise. As 
interpretation of their findings they stated that both mechanical and biochemical 
events may be responsible for this pattern of trauma. 

Electrolytes: Ca/Mg shift 
Acute exposure of rats to the fast rising overflight noise of low flying fighter planes 
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reaching levels of up to 125 dB(A)) (Ising et al., 1991; Ising, 1993) resulted not only 
in an increase of cortisol but also in a decrease of intracellular magnesium {Mg) and 
an increase of Mg excretion. 
In guinea pigs, acute stress - due to 2 hours of noise exposure (95 dB white noise) 
or to overcrowding in the cage - caused significant increases of serum Mg and 
decreases of erythrocyte Mg (Ising et al., 1986}. 

For chronic noise experiments an additional stress factor had been sought which 
would act synergistically with unwanted noise, since in the above described noise 
experiment, half a year of exposure led to but relatively mild health effects (Ising et 
al., 1979). The justification for using two stressors derives from the fact that humans 
have to cope with a whole range of more or less synergistic stress factors and not 
with noise alone. 

Organic damage as a result of chronic stress is likely to occur only under the condi
tion that the overall exposure to stress exceeds a certain tolerance level during a rel
atively long period of time (Selye, 1974). For technical reasons, the two options 
available to supply a suitable additional stress factor were the cold or a magnesium 
{Mg) deficiency. Both factors, like habitual noise, cause an increased noradrenaline 
secretion. For practical reasons different degrees of a magnesium-deficient diet were 
selected as an additional stress factor. Noise exposure was provided by electro
acoustically reproduced traffic noise of LAmax= 86 dB, Leq: 69 dB over 12 hours dur
ing the rats' active phase. For one group the noise level was slightly increased (Leq: 
75 dB). The experiment lasted 16 weeks (Gii:nther, Ising and Merker, 1978). 
Magnesium deficiency combined with noise exposure led to dose-dependent increas
es in adrenaline and noradrenaline, which can be used to quantify the overall stress 
of the dietary treatment. As stress grew, the hydroxyproline {as an indicator of col
lagen) and calcium (Ca) content of the myocardium increased while the magnesium 
content decreased. Long-term stress therefore resulted in an intracellular Ca/Mg 
shift. 

Altura et al. (1992) studied the relationship between microcirculation (measured sev
eral days after termination of noise exposure), hypertension and Ca/Mg shifts in vas
cular walls of noise-stressed rats on Mg deficient diets. Noise exposure during the 
first 8 weeks was set to an energy equivalent level of 85 dB(A) from 20.00 to 08.00. 
Noise impulses were randomly switched on at randomized peak levels of 80, 90 and 
100 dB(A). During the final 4 weeks the equivalent noise level was elevated to 9 5 
dB(A) and the daily exposure increased to 16 hours with an 8 hour rest during the 
animals' inactive phase. In aortic and port vein smooth muscle the Ca content 
increased with rising noise exposure, with decreasing Mg uptake, and with the com
bination of both together, while the Mg content decreased. Parallel to this the reac
tivity of terminal arterioles to noradrenaline was increased (Fig.la). 

Stress-induced Ca/Mg shifts in smooth muscle cells have the potential to increase the 
risk of hypertension and myocardial infarction {Ising, Havestadt and Neus, 1985). 
Stress increases the membrane permeability of catecholamine-sensitive cells, which 
in turn raises Ca influx into cells and liberates intracellular Mg. A depression of cat
echolamine-induced vasoconstriction by stress-dependent hypermagnesemia (excess 
serum Mg concentration) has been demonstrated experimentally. However, the ben
efit from this stress-depressing hypermagnesemia is obtained at the expense of 
increased renal Mg loss. In the long run, chronic stress combined with suboptimal 
Mg in diet will reduce the Mg release in acute stress situations, causing an increase 
of vasoconstriction and raising the risk of hypertension. 

NIGHT NOISE GUIDELINES FOR EUROPE 

I 

I 

 
006728

ADMINISTRATIVE RECORD - Scan 3 - Page 20 of 235

- Page 1902 -



EI'J APPENDICES 

Flq.1 
Effects of 12 weeks noise exposure, Mq deficient diet and the comblna· 
tlon of both In Wlstar rats. (a) Ca/Mq shifts In vascular smooth muscle, 
Mq concentration In blood and reactivity of arterioles to noradrenaline. 
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Further analysis of the experimental results led to an interaction model between 
chronic stress and intracellular electrolyte shifts (Ising, 1981; Ising et al., 1986) 
(Fig.2). Chronic stress caused a loss of extracellular and intracellular Mg and an 
increase in intracellular Ca (Gi.inther, Ising and Merker, 1978). A decrease of Mg was 
correlated with an increase in physiological noise sensitivity, that is, to more severe 
noradrenaline releases in animals and humans under noise exposure (Gi.inther, Ising 
and Merker, 1978; Ising, Havestadt and Neus, 1985; Ising et al., 1986). There was 
a positive feedback mechanism between stress - caused by noise and other stressors 
- and intracellular Mg/Ca shifts, which may end in a circulus vitiosus and increase 
cardiovascular risks. 
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Fig. 2 
Interaction between stress and 
Ca/Mg shifts and its lonq term 
consequences 

Suboptimal 
Mg intake 
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Decrease or extracellular 
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• influx, 
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Rothlin, Cerletti and Emmenegger (1956) exposed rats for 1.5 years, day and night, 
to 90 dB "audiogenic stress" and observed a raising of systolic BP values from 120 
mm Hg to about 150 mm Hg. He used a cross-breed of Albino rats and wild 
Norwegian rats since Albino rats did not develop hypertension under noise expo
sure. After termination of exposure the BP returned to normal. 

Albino rats were exposed to noise during their whole lifespan (for review see Borg, 
1981) to periodic noise impulses of 80 and 100 dB. This periodic exposure had no 
detrimental health effects, which can be understood on the basis of the work of 
Glass, Singer and Friedmann (1969). Unpredictable noise presentation was shown to 
cause lasting cortisol increases in rats in contrast to periodic exposure to 100 dB, 
which led to adaptation (De Boer, van der Gugten and Slangen, 1989). The unpre
dictabi li ty of a noise is a decisive preconditton of long-term stress effects. 

Exposure of primates to traffic noise for 10 hours per day during 9 months led to a 
significant BP increase, which persisted during 3 weeks after termination of exposure 
(Peterson et al., 1981). A replication of this experiment with a different species of 
primates failed to show an increase of their BP (Turkkan, Hienz and Harris, 1983). 

In the above-mentioned experiment of Altura et al. (1992), exposure to unpre
dictable noise impulses led within 12 weeks to irreversible changes of microcircula
tion and an increase of systolic BP (Fig. lb). The observed rarefication of capillaries 
in the mesentery can be interpreted as an indicator of accelerated ageing of the cir
culatory system. 

Ageing and lifespan 
The cortisol response and recovery after immobilization stress was compared in 
young and old rats. The results are demonstrated in Fig. 3 together with Sapolsky's 
Glucocorticoid Cascade Model (Sapolsky, Krey and McEwen, 1986). The stress 
response of young and old rats is more or less the same. However, while the young 
rats recover immediately after termination the old ones recover only in part. 
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Therefore, acute stress leads, in old animals, tf considerably prolonged cortisol 
inaeases. On the other hand, chronically repeated stress a<.:rivates the HPA axis and 
can cause cortisol receptor losses even in younger animals, a process generally devel
oping only in old age. Fina lly, chronic cortisol hypersecretion may occur along with 
fo llow-up health defects. · 

Aguas et al. (1 999) exposed a special breed of mite to the above described model of 
ocrnpational low frequency noise for three mont~s. Chronic low frequency noise 
exposure accelerated the expression of the autoimmune disease and was associated 
with kidney lesions and increased mortality. 

Chronic noise exposure of a nimals on a suboptimal Mg diet led to increases of con
nective tissue and calcium and decreases of Mg in the myocardium (Gtinther, Ising 
and Merker, 1978). These changes were correlated with noradrenaline changes. Since 
they are also correlated with normal ageing, the noise stress induced changes may be 
interpreted as accelerated ageing (Ising, Nawroth and Gunther, 1981). Even the lifes
pan was reduced in rats on an Mg deficient diet, and was further dose-dependently 
reduced in combination with noise exposure (see Table 1). 
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Treatment Effect 

4 months 3 months Urine 

Mg in diet Noise Noradre- Adre-
naline naline 

LeqlLAmax (µgig Cre) 

control ambient 18 ± 4 12 ± 2 
suboptimal ambient 23 ± 4 18 ± 2 
suboptimal 69/86 dB 37 ± 11 16 ± 2 
deficient ambient 98 ± 17 20 ± 5 
deficient 69/86 dB 129 ± 19 41 ± 10 
deficient 75/86 dB 172 ±26 60 ± 15 

APPENDICES 

Table 1 
Effects of noise exposure combined with 
dietary Mq· deflclency In rats 

Myocardium Death 
rate 

Hydroxy- Ca Mg 
proline 

(mg/g dry (mg/g (mg/g 
wt.) d.w.) d.w.) 

3.0 :t: 0.1 3.0 ±0.2 37.5 ± 0.8 0 
3.0 :t: 0.1 3.5:t:0.5 38.0 ±1.7 0 
3.0 ± 0.1 4.3 ± 0.2 37.9 ± 1.3 0 
3.9 :t: 0.1 6.2 ± 0.7 31.2 ± 1.4 38% 
4.6 ± 0.1 6.7 :t:0.6 29.8 ± 1.8 62% 
5.6 ± 0.9 8.0 ± 0.9 26.8 ± 0.8 75% 

Adrenaline and noradrenaline excretion was measured during the fourth week of 
noise exposure; death rate is related to the 4-month period of Mg treatment; all 
other parameters were determined at the end of the experiment (mean values ± S.E.). 
Noise has the potential to cause stress reactions which are enhanced by suboptimal 
magnesium intake. Chronic noise-induced stress accelerates the ageing of the 
myocardium and thus increases the risk of myocardial infarction. The involved path
omechanisms include increases of catecholamines and/or cortisol under acute noise 
exposure and an interaction between endocrine reactions and intracellular Ca/Mg 
shifts. 

WHAT CAN BE LEARNED FROM ANIMAL STUDIES 
ABOUT NOISE EFFECTS IN HUMANS? 

The effects of low frequency noise - the "vibroacoustic disease" - were studied pri
marily in humans (for review see Castello Branco and Alves-Pereira, 2004). 

In this context, the amygdalar contribution to conditioned fear learning, revealed for 
normal human subje<.:rs, has to be mentioned. Longer lasting activation of the HPA 
axis, especially abnormally increased or repeatedly elevated cortisol levels may lead to 
disturbances of the hormonal balance and even severe diseases in man (Spreng, 2000). 

Catecholamines induce various detrimental effects on the heart (Ceremuzynski, 
1981 ). Additionally, magnesium deficiency causes alterations of serum lipids 
(Weglicki et al., 1993), cytokines (Rayssiguier, 1990) and prostaglandines (Nigam, 
Averdunk and Gunther, 1986), in particular an increase of thromboxan, which is 
released from thrombocytes (Neumann and Lang, 1995) and several other cell types 
and - in turn - thromboxan A2 can aggregate thrombocytes. All these alterations may 
increase the risk of myocardial infarction. 
Beside these cardiovascular stress effects, chronica lly increased cortisol may induce 
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neuronal degeneration and thus accelerate the ageing also of the brain (Sapolsky, Krey 
and McEwen, 1986), not only in rats but in humans as well (Sapolsky, 1994). 

The importance of Ca/Mg shifts was confirmed by post mortem studies of hearts from 
victims of !HD (Elwood et al. 1980). The tissue samples were taken from areas of the 
myocardium not affected by the infarction and the results were stable after control
ling for several confounders. The results are shown in Table 2. With normal ageing 
Ca increases and Mg decreases in the myocardium. This process is accelerated in 
myocardial infarction patients, which indicates an accelerated ageing of these peoples' 
heart muscle under the pathogenic influences that lead to myocardial infarction. 

Table 2 
Age dependency of myocardial Ca and Mg 
contents In lschaemlc heart disease (IHD) 

IHD deaths and non IHD deaths. (Mean Value ± SD, numbers in brackets) 

Ca [µgig] 

Mg [µgig) 

Ca/Mg 

Group 

Non !HD 

IHD 

NonlHD 
IHD 
Non IHD 
IHD 

Age< 45years 

43 ± 15 
(175) 
48 ± 10 
(48) 
183 ± 28 
170 ± 29 
0.24 
0.28 

45-64 years ~ 65 years 

50 ± 14 57 ± 22 
(281) (155) 
53 ± 17 58 ± 21 
(389) (188) 
173 :1: 34 178 ± 30 
157 ± 30 156 :1: 27 
0.29 0.32 
0.34 0.37 

Another factor which decreases Mg and increases Ca (Hofecker, Niedermuller and 
Skalicky, 1991) and collagen (Caspari, Gibson and Harris; 1976, Anversa et al., 1990; 
Gibbons, Beverly and Snyder, 1991) in the myocard is normal ageing (Ising, Nawroth 
and Gunther, 1981). Therefore, it is plausible that the age-dependent decrease of Mg 
in hearts of IHD victims was about double of that in age-matched non-IHD deaths. 
This is therefore an indication that age- and stress-dependent electrolyte changes exist 
in humans and may be correlated with an increased risk of !HD. 

Long-term experiments with Mg-deficient and noise-stressed rats showed that con
nective tissue and Ca in the myocardium increased with age while Mg decreased. 
Hence, stress caused by noise or cold is enhanced by suboptimal Mg intake and 
accelerates the ageing of the heart and decreases the lifespan (Heroux, Peter and 
Heggtveit, 1977; Ising, Nawroth and Gunther, 1981; Gunther, 1991). 

Since coronary arteriosclerosis increases strongly with age (Lakatta, 1990) a biolog
ically older heart is at a higher risk of !HD and of myocardial infarction. The inter
action process described seems to be one of the pathomechanisms by which chronic 
noise stress increases the risk of myocardial infarction. 

Several of the risk factors described in the literature to explain the correlation of 
work stress with myocardial infarction have been found to be increased under noise
induced stress as well, that is, increases of BP and total cholesterol. 
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APPENDIX 4. NOISE AND SLEEP IN CHILDREN 

FACTORS THAT MODIFY AUDITORY AROUSAL 
THRESHOLDS IN CHILDREN 

By the time that most studies were conducted in infants, it had become progressive
ly evident that arousal and awakening thresholds are influenced by a variety of fac
tors. These significantly modify the response to ambient noise of sleeping infants. 
Some factors inhibit the arousal response, while others enhance the response. 

PRENATAL AND PERINATAL FACTORS 

Age of gestation 
In 97 healthy infants, auditory awakening thresholds decreased significantly from 
the 44th to the 60th week after conception (Kahn, Picard and Blum, 1986). 
Awakening thresholds were defined as the infant opening their eyes and/or crying. 
Mean awakening thresholds dropped from 98.5+/-11 at the 44th week after concep
tion to 83 dB(A) by the 60th week after conception. 

Cigarette smoke 
To evaluate the effects of cigarette smoke on polygraphic arousal thresholds, 26 
newborns were studied with polygraphic recordings for one night: 13 were born to 
mothers who did not smoke, and 13 were born to mothers who smoked (over 9 cig
arettes per day) (Franco et al., 1999). Another group of infants with a median post
natal age of 12 weeks were also studied: 21 born to non-smoking mothers and 21 
born to smoking mothers. The auditory arousal thresholds of the infants of both age 
groups were measured with the use of auditory challenges of increasing intensity, 
administered during REM sleep. More intense auditory stimuli were needed to 
induce arousa ls in newborns (p=.002) and infants (p=.044) of smokers than in 
infants of non-smokers (mean value of 84+/-11 dB(A) for smokers and 81.6+/-20 for 
non-smokers). Behavioural awakening (infants opening their eyes and/or crying) 
occurred significantly less frequently in the newborns of smokers (p=.002) than of 
non-smokers. 

It was concluded that newborn and infants born to smoking mothers had higher 
arousal thresholds to auditory challenges than those born to non-smoking mothers. 
From the present findings, it appeared that the impact of exposure to cigarette 
smoke occurred mainly before birth. 

POSTNATAL FACTORS 

The following postnatal factors modify arousal from sleep. 

Sleep stage 
In infants, auditory stimuli have generally indicated increased responses during 
active as compared with quiet sleep (Busby, Mercier and Pivik, 1994). 
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Time of the night 
In 31 infants, the arousal thresholds decreased across the night {mean value of 67+/-
12.5 dB(A) in the first part of the night, for 51+/-3.5 in the third part of the nighr; 
p=.017) (Franco et al., 2001). Similar findings had been reported in adult subjects 
{Rechtschaffen, Hauri and Zeitlin, 1966), 

Body position during sleep 
To investigate whether prone or supine sleeping was associated with a different response 
threshold to environmental stimuli, 25 3-month-old healthy infants with a median age of 
9 months were exposed to an auditory challenge while sleeping successively prone or 
supine (Franco et al., 1998). Three infants were excluded from the study because they 
awoke while their position was being changed. For the 22 infants included in the analy
sis, more intense auditory stimuli were needed to arouse the infants in the prone position 
(median of 70 db(A), range values 50 to more than 100 db(A)) than in the supine posi
tion (median of 60 db(A), range values 50-90 db(A)) (p=.011). Arousal thresholds were 
higher in the prone than in the supine position in 15 infants} unchanged in 4 infants and 
lower in the prone position in 3 infants (p=.007). It was concluded that infants show 
higher arousal thresholds to auditory challenges when sleeping in the prone position than 
when sleeping in the supine position. The findings could not readily be explained. The 
difference in arousal thresholds could be related to difference in chest wall mechanore
ceptor responses, or differences in BP anJ/or central baroreceptors responses. 

Ambient room temperature 
Two groups of healthy infants with a median age of 11 weeks were recorded polygraph
ically during one night: 31 infants were studied at 24°C and 31 infants at 28°C. To 
determine their arousal thresholds, the infants were exposed to white noises of increas
ing intensities during REM and non-REM sleep {Franco et al., 2001). The arousal 
thresholds decreased across the night in the infants sleeping at 24 °C 
(p= .017). The finding was not found for the infants sleeping at 28°C. When analysing 
the arousal responses according to time of the night, it was found that the auditory 
thresholds were significantly higher at 28'C (75+/-19 dB(A)) than at 24'C (51+/-3.5 
dB(A)) between 03.00 and 06.00 (p=.003). These findings were only seen in REM sleep. 

Sleeping with the head covered by bedclothes 
To evaluate the influence of covering the face of sleeping infants with a bed sheet, 18 
healthy infants with a median of 10.5 weeks {range 8-15 weeks) were recorded poly
graphically for one night {Franco et al., 2002). They slept in their usual supine posi
tion. During sleep, a bed sheet was gently placed on their face for 60 minutes. With 
the face free or covered by the sheet, the infants were exposed to white noises of 
increasing intensities during REM and non-REM sleep. Compared to with their face 
free, during the periods when their faces were covered, the infants had increases in 
pericephalic ambient temperature (p<.001), increases in REM sleep {p=.035) and 
body movements (p=.011) and a decrease in non-REM sleep (p<.001). Respiratory 
frequency was increased in both REM (p=.001) and non-REM (p<.001) sleep. With 
their face covered, the infants had higher auditory arousal thresholds (mean of 76+/-
23 dB(A)) than with their face free (mean of 58+/-14 dB(A)) (p=.006). The difference 
was seen in REM sleep only. A positive correlation was found between pericephalic 
temperature and arousal thresholds in REM sleep {r=.487; p=.003). 

Shott sleep deprivation 
Following short sleep deprivation, a study reported that in infants there was no 
measurable change in arousal propensity by auditory stimuli (1 kHz pure tone, deliv
ered in the midline of the cot, from 73 dB and increased in 3 dB steps to 100 dB) 
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during quiet sleep (Thomas et al., 1996). Another study was undertaken to evaluate 
the influence of a brief period of sleep deprivation on sleep and arousal characteris
ti..:s of healthy infants (Fran..:o et al., submitted) . Thirteen healthy infants with a 
median age of 8 weeks (range 7-18 weeks) were recorded polygraphically during a 
morning nap and an afternoon nap in a sleep laboratory. They were two hours sleep
deprived, either in the morning or in the afternoon before being allowed to fall 
asleep. Six infants were sleep-deprived before the morning nap and seven before the 
afternoon nap. During each nap, the infants were exposed to white noises of increas
ing intensities in REM sleep to determine their arousal thresholds. Following sleep 
deprivation, the infants tended to have less gross body movements during sleep (p = 
.054 ). They had a significant increase in o bstructive sleep apnoeas (p = .012). The 
infants' auditory arousal thresholds were signifi..:antly higher following sleep-depri
vation (mean of 76+/-13.5 dB(A)) than during normal sleep (mean of 56+/-8.4 
dB(A)) (p = .003) and during REM sleep. It was concluded that short-term sleep dep
rivation in infants is associated with the development of obstructive sleep apnoeas 
and a significant increase in arousal thresholds. 

Pacifiers and breastfeeding 
Fifty-six healthy infants were studied polygraphically during one night: 36 infants 
used a pacifier regularly during sleep; 20 never used a pacifier (Franco et al., 2000). 
Thumb users or o..:..:asional pa..:ifier users were not induded in the study. The infants 
were recorded at a median age of 10 weeks (range 6-1 9 weeks). To evaluate their 
auditory arousal thresholds, the infants were exposed to white noise of increasing 
intensity during REM sleep. Polygraphic arousals occurred at significantly lower 
auditory stimuli in pa..:ifier-users than in nonusers (mean of 60+/-11.6 with pacifiers, 
for 71+/-15.3 without pacifier; p=.01 0). Compared to non-users, pacifier-users were 
more frequently bottle-fed than breastfed (p=.036). 

Among infants sleeping without a pacifier, breastfed infants had lower auditory thresh
olds than bottle-fed infants (mean of 67. 7+-13.0 breastfed, for 77. 7+-17.5 bottle-fed; 
p=.049). The question of how a pacifier contributes to protect the sleeping infant might 
be best explained by the observed loss of the pacifier early after sleep onset. This could 
contribute to disruption of the infant's sleep and favour arousals. 

CONCLUSIONS 

Various factors modify auditory arousal responses from sleep in healthy infants. 
Some inhibit arousals while others enhance the response. To evaluate the effect and 
dose-effect relationship on children therefore requires the careful determination of 
confounders that may bias studies and lead to conflicting results. 

Additional confounders should be added to the list of factors that modify arousal 
thresholds. These include past experience with the stimulus (Rechtschaffen, Hauri 
and Zeitlin, 1966), or the presence of meaning in the noise as both of them are of 
critical importance in determining the persistence of physical reactions to the noise 
(McLean and Tarnopolsky, 1977). These are the reasons which lead most sleep/wake 
researchers to use white noises to stimulate the sleeping .:hilt!. 

Knowledge of these variables does little to clarify the physiological determinants of 
the awakening response, because knowledge of how such variables are related to 
possible physiological determinants is little better than that of the awakening 
response itself (Rechtschaffen, Hauri and Zeitlin, 1966). 
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These findings however, underline the significant dose-response relationship 
between ambient noise and arousal or awakening from sleep in infants. 

NOISE AND SLEEP FOR DIFFERENT STAGES OF 
DEVELOPMENT 

THE FETUS 

The human fetus spends most of its time in a state equivalent to sleep, similar to that 
recorded in newborn infants. The healthy fetus in utero was shown to react to exter
nal noises. This is the result of the development of the human cochlea and peripher
al sensory end organs. These complete their normal development by 24 weeks of ges
tation. Sound is well transmitted into the uterine environment. Ultrasonographic 
observations of blink/startle responses to vibroacoustic stimulation are first elicited 
at 24-25 weeks of gestation, and are consistently present after 28 weeks, indicating 
maturation of the auditory pathways of the central nervous system (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). The fetus reacts 
to 1-4 seconds of 100-130 dB of 1220-15000 Hz sound. The hearing threshold (the 
intensity at which one perceives sound) at 27-29 weeks of gestation is approximate
ly 40 dB and decreases to a nearly adult level of 13.5 dB by 42 weeks of gestation, 
indicating continuing postnatal maturation of these pathways. 

Teratogenic effects have been described in animals prenatally exposed to noise 
(Committee on Environment Health of the American Academy of Pediatrics, 1997). 
These were associated with higher levels of cortisol and corticotropin hormones in 
the exposed animals. No such effects could be demonstrated in humans, in whom 
studies on the relation between exposure to noises during gestation and shortened 
gestation or lower birth weights were inconclusive or conflicting. It is possible that 
in these studies, noise could be a marker of other risk factors (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). In conclusion, 
most studies on the effects of noise on perinatal health have been criticized as being 
hampered by serious methodological limitations, both in terms of the measurement 
of exposure and outcome, and failure to control for other known determinants of 
the outcomes under investigation. The lack of properly controlled studies makes it 
difficult to draw conclusions about what effects ambient noise has on perinatal out
comes (Morrell, Taylor and Lyle, 1997). 

NEWBORN INFANTS 

A large number of investigations have been concerned with the responses of sleeping 
newborn infants to acoustic signals. Many of the studies arise from a large and gen
eral interest in child development as well as from a need for hearing tests for infants 
(Mills, 1975). 

Infant incubators produce continuous noise levels of between 50 and 86 dB(lin) 
(American Academy of Pediatrics, 1974 ). Oxygen inlets produced an additional 2 dB 
(]in). Slamming of incubator doors and infant crying produced 90 to 100 dB(A) 
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(American Academy of Pediatrics, 1974). It was shown that inside incubators, back
ground noise level is about 50 dBA and can reach 120 dBA (Committee on 
Environment Health of the American Academy of Pediatrics, 1997). Much of the 
energy is located below 500 Hz, between 31 and 250 Hz (Mills, 1975). 

Ambient noise appears to influence the quantity and quality of the sleep of new
borns. Some newborns appear to be particularly responsive to ambient noises. 
Sleeping premature, anoxic, or brain-damaged infants detect intruding sounds better 
than sleeping healthy or term babies (Mills, 1975). 

Newborn infants spend most of their time sleeping. Some studies have documented 
hearing loss in children cared for in intensive care units (Committee on Environment 
Health of the American Academy of Pediatrics, 1997). Noise and some ototoxic 
drugs act synergistically to produce pathological changes of the inner ears of exper
imental animals (neomycin, kanamycin, sodium salicylate). The relationship with 
the infant's clinical condition and associated treatments has, however, not yet been 
clearly defined. Infants exposed to sound levels of incubators are usually premature, 
on drugs and in very poor health. Moreover, the exposures are continuous. A weak 
infant could spend weeks sleeping in such a noise level without rest periods away 
from noise (Mills, 1975). 

High noise levels may be associated with other types of responses. In young infants, 
sudden loud (of approximately 80 dB) environmental noise induced hypoxaemia. 

Noise reduction was associated in neonates with increases in sleep time, in particu
lar in quiet sleep (Committee on Environment Health of the American Academy of 
Pediatrics, 1997). Ir also resulted in fewer days of respiratory support and oxygen 
administration. Premature infants cared for with noise reduction had a better matu
ration of electroencephalograms. 

A Committee on Environmental Health of the American Academy of Pediatrics 
(1997) concluded that high ambient noise in the neonatal intensive care unit (NICU) 
changed the behavioural and physiological responses of infants. For all the above 
observations and considerations, sound in infant intensive care units should be main
tained at under 80 dB(A) (Graven, 2000). Among other recommendations, paedia
tricians were encouraged to monitor sound in the NICU, and within incubators, 
where a noise level greater than 45 dB is of concern. 

INFANTS (1 MONTH TO 1 YEAR OLD) 

Some studies of the effect of external noises on the sleep/wake reactions of infants 
were conducted in their natural home environment. The reactions of babies to air
craft noise were studied by means of electroplethysmography (PLG) and EEG (Ando 
and Hattori, 1977). The recordings were done in the morning, in the infants' sleep
ing rooms. The infants were exposed to recorded noise of a Boeing 727 at take-off. 
The noise was presented at 70, 80 and 90 dB(A) at peak level at the position of the 
babies' heads. The subjeas who had nor been awakened by exposure to aircraft 
noise were exposed to music (Beethoven's Ninth Symphony) at levels of 70, 80 and 
90 dB(A). The frequency ranged between 100 Hz and 10 kHz. It was found that the 
babies whose mothers had moved to the area around rhe Osaka International 
Airport before conception (Group I; n=33) or during the fi rst five months of preg
nancy (Group II; n=l 7) showed little or no reaction to aircraft noise. In contrast, 
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babies whose mothers had moved closer to the airport during the second half of the 
pregnancy or after birth (Group III; n=lO or IV; n:3) and the babies whose mothers 
lived in a quiet living area {Group V; n=8) reacted to the same auditory stimuli. The 
babies in groups I and II showed differential responses depending on whether the audi
tory stimuli were aircraft noise or music. Abnormal PLG and EEG were observed in 
the majority of babies living in an area where noise levels were over 95 dB(A). It was 
concluded that the difference in reactivity to aircraft noise may be ascribed to a prena
tal difference in time of exposure to aircraft noise. The reactions diminished after the 
sixth month of life in groups I and II, and the ninth month in groups III to V. This phe
nomenon may be explained as habituation to aircraft noise after birth. However, in all 
groups, no habituation occurred for a noise level over 95 dB(A) (Ando and Hattori, 
1977). This study was criticized, as the authors did not adjust for several important 
determinants of birth weight, such as prematurity and the mother's age, weight, smok
ing status or socioeconomic status {Morrell et al., 1997). 

Noise levels may be constantly high in paediatric units. The mean noise levels meas
ured in a centre of a surgical recovery room were 57.2 dB{A), while those measured 
at the patients' heads were 65.6 dB(A) (American Academy of Pediatrics, 1974). In 
a medical unit (6-bed wards containing 5 infants between 3 and 17 months) peak 
sound levels were recorded on the pillow of the cot for 12 min (Keipert, 1985). 
Infant crying produced 75-90 dB(A) and a beeper around 76-78 dB(A). Peak noise 
levels recorded at the nurses' station were about 78 dB{A) for telephone, 80 for 
infant crying, public address system, adult talking, and up to 90 dB(A) for child talk
ing (Keipert, 1985). 

In a study conducted on infants exposed to 50-80 dB(lin) in the range of 100-7000 
Hz (American Academy of Pediatrics, 1974), a level of 70-75 dB(lin) for 3 minutes 
led to obvious disturbance or awakening in two thirds of the children. All infants 
awakened after 75 dB(lin) for 12 minutes. 

In other studies conducted on the effects of awakening and arousal, it was shown 
that white noise intensity was significantly lower when it elicited polygraphically 
scored arousals than when it induced awakenings (Franco et al., 1998). 

TODDLERS PREADOLESCENTS (8-12 YEARS OLD) ADOLES
CENTS (13- 18 YEARS OLD) 

Developmental variations in auditory arousal thresholds during sleep were investi
gated in four groups of normal male subjects: children (n=6; 5-7 years old), pread
olescents (n=l0; 8-12 years old), adolescents {n=lO; 13-16 years old), and young 
adults {n=l0; 20-24 years old) {Busby, Mercier and Pivik, 1994). Arousal thresholds 
were determined during non-REM and REM sleep for tones (3-s, 1500 Hz pure 
tones delivered in an ascending series of increasing intensity, 5 dB increments begin
ning at 30 dB SPL (sound pressure level) re 0.0002 dynes/cm2 until awakening or 
maximum intensity of 120 dB) presented via earphone insert on a single night fol
lowing two adaptation nights of undisturbed sleep. Age-related relationships were 
observed for both awakening frequency and stimulus intensity required to effect 
awakening, with awakenings occurring more frequently in response to lower stimu
lus intensities with increasing age. In children, 43.1 % of stimuli induced awaken
ings, in preadolescents 54.8%, adolescents 72% and adults 100% (X2=60.37; 
p<.001). Partial arousals {brief EEG desynchronization and/or EMG activity with 
the subjects returning to sleep) occurred in 9.8% of children, 4.8 % of preadoles-
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cents, 12.2 % of adolescents, 0% of adults. Although stimulus intensities required for 
awakening were high and statistica lly equivalent across sleep stages in non-adults, 
higher intensity stimulus was required in stage 4 relative to stage 2 a nd REM sleep. 
Frequency of awakening increased with age, whereas stimulus intensities required to 
effect these awakenings decreased with age. These relationships were maintained for 
individual sleep stages. These results confirm previous observations of marked resist
ance to awakening during sleep in preadolescent children and suggest that processes 
underlying awakening from sleep undergo systematic modification during ontogenic 
development. The observed resistance to elicited awakening from sleep extending up 
to young adulthood implies the presence of an active, developmentally related 
process that maintains sleep (Busby, Mercier and Pivik, 1994). 

In another study, children aged 5-7 years were shown to be 10-15 dB less sensitive 
to pure tones than adults aged 22-30 (Mills, 1975). Another report on male hyper
active and normal children aged 8-12 showed that these children were awakened 
with auditory stimulus intensity levels of up to 123 dB SPL, much higher than val
ues reported for adults (range of 50- 85 dB) (Busby, Mercier and Pivik, 1994). 

In a study on four children (two males), aged 5- 8 years old on the effects o f simu
lated sonic booms (68 dB(A) near the subjects' ears), 94.1 % of the subjects showed 
no change, 5.9% had shallower sleep, but none aroused or had behavioural awak
ening. In general, the frequency of arousal or behavioural awakenings and of sleep 
stage changes increased with age (up to 75 years) (Lukas, 1975). 

In a prospective longitudinal investigation, which employed non-exposed contro l 
groups, effects of aircraft noise prior to and subsequent to inauguration of a new air
port as well as effects of chronic noise and its reduction at an old airport ( 6-18 months 
after relocation), were studied in 326 children aged 9-13 years (Bullinger et al., 1999). 
The psychological health of children was investigated with a standardized quality of 
life scale as well as with a motivational measure. In addition, a self-report noise annoy
ance scale was used. In the children studied at the two airports over three time points, 
results showed a significant decrease of total quality of life 18 months after aircraft 
noise exposure as well as motivational deficits demonstrated by fewer attempts to solve 
insoluble puzzles in the new airport area. Parallel shifts in children's attributions for 
failure were also noted. At the old airport parallel impairments were present before the 
airport relocation but subsided thereafter (Bullinger et al., 1999). 

In some studies, the effects of ambient noise on autonomic responses could be 
demonstrated in children. In children aged 6-12 years exposed to intermittent traf
fic noise during 4 nights (at a rate of 90 noises per hour; peak intensity of the noise, 
45, 55 and 65 dB(A) varied semi-randomly) and 2 quiet nights. Heart rate was 
affected and relatively higher in noise during REM a nd stage 2 than during delta 
sleep (Muzet et al., 1980, in Abel, 1990). 

CONCLUSIONS 
Several studies on the extra-auditory effects of ambient noise on sleeping children were sum
marized in Table 1. In relation to ambient noise, specific changes were reported in both sleep 
quality and quantity. Some of the effects were shown to have a dose-response relationship. 
Several limitations to the present report should be discussed. Firstly, no one knows 

NIGHT NOISE GUIDELINES l'OR EUROPE 

i 

I 

 
006743

ADMINISTRATIVE RECORD - Scan 3 - Page 35 of 235

- Page 1917 -



APPENDICES 

whether the inference that is often made that the effects of noise might develop with a 
longer exposure time (Abel, 1990) is correct. Serious cardiorespiratory or autonomic 
changes, such as increases in BP coulJ only develop following a long time exposure 
starting from childhood. This, in fact, has never been documented, nor has the extent 
of variability between subjects due to difference in susceptibility. Secondly, there is no 
information to evaluate whether adaptation to ambient noise could limit the effects 
observed during short-term experiments. Thirdly, as the existing research data are appli
cable to generally healthy children, no one knows how the reported findings could be 
applied to ill children, children receiving medical treatment or very young premature 
infants. Finally, as most studies were conducted in laboratory controlled environments, 
no one knows the correlation between these studies and the effects of noise in the home. 
The multifactorial effects of the environment on sleep anJ arousal controls could be 
much more complex than expected. One might predict that, similarly as for adults, the 
effects of noise on the child's sleep and health are very complicated and depend upon 
the spectrum and level of the noise, temporal aspects of the noise, psychological 
responses to the noise and the nature of the evaluation technique. The complexity of the 
conditions related to sleep/wake controls was illustrated by the review of confounding 
factors affecting auditory arousal thresholds. 

Despi te these limita tions, it can be concluded that, based on t he evidence ava il
able, the extra-auditory effects of noise could be pervasive, affecting the chil
dren's physical and psychological well-being. Changes in sleep quantity and qual
ity together with autonomic reactions are seen when a child is exposed to ambi
ent noise during sleep. Ambient noise exerts a J ose-effect relationship on changes 
in sleep/wake behaviours. These reflect modifications induced within the brain of 
the sleeping child. It remains, however, to be determined what pervasive effects 
long-term exposure to ambient noise has on the child's development, health and 
well-being. Evidence should also be defined to support an enforcement of strate
gies for noise reduction at the source as suggested by some studies. Noise-induced 
health effects on chil<lren, a clinical and public health concern, shoulJ be evalu
ated by further studies. 

No. dB(A) % res- Type of responses 
ponses 

1 80 
2 60 

70 10 
80 20 

100 60 
3 60 

65 10 
70 40 

4 80 
5 100 

6 100 
7 100 
8 60 
9 120 

10 75 

70 
5 

7 

70 
70 

76 
86 
100 
72 

75 

Nenonates motor response 
Neonates startle response 

Neonates startle response 

Child awake 
Child awake 

Preadolescent awake 
Adolescent awake 
Adult 
Infant awake 

Infant awake 

Reference 

Steinschneider 1967 
Gadeke et a l.,1969 

Ashton 1967 

Semczuk 1967 
Busby, M ercier 
and Pivik 1994 

Kahn, Picard anJ 
Blum, 1986 
Gadeke et al., 1969 

Table 1 
Arousal and 
awakening In 
children 
a review of 
the literature 
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Member States 

Albania 
Andorra 
Armenia 
Austr ia 
Azerbaijan 
Belarus 
Belgium 
Bosnia and Herzegovina 
Bulgaria 
Croatia 
Cyprus 
Czech Republic 
Denmark 

Luxembourg 
Malta 
Monaco 
Montenegro 
Ntthtrlands 
Norway 
Poland 
Portugal 
Republic of Moldova 
Romania 
Russian federation 
San Marino 
Serbia 
Slovakia 
Slovenia 
Spain 
Sweden 
Switztrland 
Tajikistan 
The former Yugoslav 

Republic of Macedonia 
Turkey 
Turkmenistan 
Ukraine 
United Kingdom 
Uzbekistan 

9 789289 041 737 

Environmental noise is a threat to public health, having 
negative impacts on human health and wellbeing. This 
book reviews the health effects of night time noise expo
sure, examines dose effects relations, and presents inter
im and ultimate guideline values of night noise expo
sure. It offers guidance to policy-makers in reducing the 
health impacts of night noise, based on expert evalua• 
tion of scientific evidence in Europe. 

World Health Orqanlzatlon 
Reqlonal Office for Europe 

Schertl9sv1J 8, DK•2100 Copenh19en f, Denmark 
Ttl.: +45 39 17 17 17. f'ax: +45 39 17 18 18. E•mall: postmast,rlil,uro.who.lnt 

Web site: www.euro.who.lnt 
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SCIENCE INTEGRITY KNOWLEDGE 

Wind Turbines 
Do They Cause Health Problems? 

Christopher Ollson, Ph.D. 
lntrinsik Environmental Sciences, Inc. 
Mississauga, ON, Canada 
collson@intrinsik.com 

EXHIBIT 

II: JO 

0 
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Intrinsik’s Renewable Energy Health Team 
• Health scientists dedicated to research and consultation in health

aspects of renewable energy
Dr. Christopher Ollson, Ph.D. (co-leader) 
Dr. Loren Knopper, Ph.D.  (co-leader)   
Dr. Melissa Whitfield Aslund, Ph.D. 
Ms. Lindsay McCallum, M.Env.Sci.  (Ph.D. Cand) 
Dr. Mary McDaniel, DO, JD, MPH 
Dr. Robert Berger, Ph.D. 

Review Highly accessed GHi:IJiiiii 
Health effects and wind turbines: A review of 
the literature 
Loren D Knopper1 * and Christopher A Ollsonl 

[ Mf"O l'Oltey 62: (201')) 44- 50 

Contcn t :!I> lhb availa ble a t SucnccD11 cct 

Energy Policy 

jour-nol homepage: www.elscvier-.com/ locoto/cnpol 

Projected contributions of future wind farm development 

McCallum ft al E1Mronmmral Hmlth 2014, 13=9 

h1tJ¥,//wwN .thjoof'ft&l.net/con~t.n.t/13/l/9 
ENVIRONMENTAL HEALTI-1 

RESEARCH Open Access 

Measuring electromagnetic fields (EMF) around 
wind turbines in Canada: is there a human health 
concern? 
Lindsay C McCallum12, Melissa L Whitfield Mund2, Loren D Knopper', Glenn M Ferguson' and Christopher A Ollson2• 

Letter to Editor: Are the findings of "Effects of industrial 
wind turbine noise on sleep and health" supported? 

---------

Christopher A. Ollson, 
Loren D. Knoppe1~ Lindsay C. McCallum, 

to community noise and annoyance levels in Ontario. Canada Jl!i.-rthly1nl•~-rnbnl!Jourul 

nwlDSl!!allfhmln.015i1 
Melissa L. Whitfielcl-Asluncl 

M e l issa L. Whitfield Aslund. Chri sto p l1er A. Ollson. Loren D. l<no pper • Noise & Health, March-April 2013, Vo/11111e 15:63, 148-52 
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The Issue 

• Public generally favours the idea of wind energy.

In the future, there will be no difference 
between waste and energy. HSBC ID 
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F WIND ENERGY 
WHEN THE SCIENCE~ OF PROSTITUTION 
TURNS INTO THE AR 
(EDITORIAL) 

Ma, 1, 2014 
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Wind Turbine Syndrome 
• Self-reported symptoms generally 

included: 
– Annoyance, sleep disturbance, 

tiredness, headache, tinnitus, 
irritability, nausea, lack of 
concentration. 

• This collection of effects is 
commonly called “Wind Turbine 
Syndrome” (Pierpont, 2009). 

• The reason for the self-reported 
health effects is highly debated. 0 
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Noise and Health 

• Environmental noise above certain levels is a 
recognized factor in a number of human health 
issues 
– e.g., hearing, sleep, myocardial infarction, annoyance 

• Noise from wind turbines can be annoying to some 
and associated with sleep disturbance 
– especially when found at levels greater than 40 dB(A) 
– WHO (EU) night noise guideline 

• Proper siting of wind turbines is key! 
– Even when noise limits are enforced it is possible that a 

segment of the population may remain annoyed (or 
report other health impacts) 

 0 
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Human Health – The Debate 

Health effects related to 

wind turbine operation* 

– Audible noise 
– Low frequency noise 
– Infrasound 
– Shadow flicker 

 
 
 
 

 

Health effects related to 

subjective issues* 

– Attitude 
– Visual cue 
– Stress 
– Expectations 
– Economics. 

 
 

*based on proper noise setbacks *often regardless of regulated 
setbacks 
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Weight of Scientific Evidence 

from ~60 Peer-Reviewed Articles 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

0 
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ORIGINIAL ARTICLE 

Wind turbine noise, annoyance and self-reported health and 
well-being1 in different living environments 
Eia Pedersen, Kerstin Persson Waye 

Oa::vp Environ Med2007;64:A80-A86. doi: 110.11 36/oem.2006.031039 

100 

~ 80 

,:, 
C: 

60 :i 
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Q) 
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0 z 
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1 ____ .. -- ··--·-·j 
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---···· 1 

f --· -· --.-- .-· .-·. -· -
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<32.5 32 .5-35.0 35.0-37.5 37.5-40 .0 > 40 .0 

n • 356 n • 204 n "' 103 n = 71 n • 20 

A-weight,ed sound pressure level !dBi 

Figure 1 Proportion of respondents who rnoticed soond from wind 
turbines outside their dwelling, in relation to A-weighted sound pressure 
levels in 2.5-dB intervals. Vertical bars indicate 95% confidence in1ervals; 
n, the total number of respondents in each in1erval. 0 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 
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A comparison betw een exposure-response relationships for w ind 
turbine annoyance and annoyance due to o ther noise sources 

Sabine A. Janssena> and Henk Vos 
Department of Urban Environment and Safety, Netherlands Organization/or Applied Scientific R esearch , 
P .O. B ox 49 , 2600 M Delft , The Netherlands 

Arno R. Eisses 
Department of Acoustics and Sonar, Netherlands Organization/or Applied Scientific R esearch, 
P .0. Box 96864, 2509 JG The Hague, The Netherlands J. Acoust. Soc. Am .. 130 ('6),. December 201 1 
Eja Pedersenbl 
Ecology and Environmental Science, Halmstad University, P .O. Box 823 , SE-301 18 Halmstad, Sweden 
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FIG. t. (Color onlin ) The exposure-response re lation. hip. between Ld"" and the percentage of resident. annoyed (%A) and h ighly annoyed (%HA) indoors 
(I ft) and outdoor. (right). 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance from turbines can be within the range 
of existing levels of community noise related annoyance 
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Impact of Wind Turbine Noise in The 
Netherlands  
Verheijen, E., Jabben, J., Schreurs, E., Smith, K.B 
Noise & Health, November-December 2011, Volume 13:55, 459-63 

• “The percentage of severely annoyed at 45 dB [Lden] 
is rated at 5.2% for wind turbine noise, which is well 
below 10% that corresponds to the existing road and 
railway traffic noise limits”. 

ational Institute for Public Healt1h 
and the Envimnrnerit 
Mi11imy ofHt11lrh. WelftW€ a11d port 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance can be within the range of existing 
levels of community noise related annoyance 

4. People who economically benefit from wind turbines have 
significantly decreased levels of annoyance compared to 
individuals that received no economic benefit 
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Science of the Total Environment 425 {2012) 42-51 

Content s li sts avai lable at SciVerse ScienceDirect 

Scie n ce of t h e Total Enviro n1ne n t 

j ourna l homepage: www . e l sev i e r . c om / loc ate / sc itotenv 

ience of lhe 
Tu-t ill Envin:mr11.en t ------------------

Impact of wind turbine sound on annoyance,. self- reported sleep disturbance and 
psychological distress 

R.H. Bakker a ,>1< . E. Pedersen b , G.P. van den Berg c . R.E. Stewart ct, W . Lok a , 11 , J. Bouma e 

Table4 
Respon.se to indoor wind turbine sound among economically benefitting and non-benefitting respondents. 

Response 

Do not notice Notke, not annoyed Stightly annoyed Rather annoyed Very annoyed 

No economical benefit 
Economical benefit 

n 

394 
53 

% 

68 
54 

Table 7 

n 

98 
39 

% 

17 
39 

n 

46 
7 

% 

8 
7 

n 

21 
0 

% 

4 
0 

n 

20 
0 

Sound sources of sleep disturbance in rural and urban area types. only respondents 
who did not benefi t economically from wind turbines. 

Sound source of sleep dis turbance Rural Urban Total 

n % n % n % 

Not dis turbed 196 69.8 288 64.9 484 66.8 
Dis turbed by people/ animals 33 11.7 64 14.4 97 13.4 
Dis turbed by traffic/ mechanical sounds 35 12.5 75 16.9 110 15.2 
Dis turbed by wind turbines 17 6.0 17 3.8 34 4.7 
Total 281 100 444 100 725 100 

% 

4 
0 

Total 

n 

579 
99 

% 

100 
100 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance can be within the range of existing 
levels of community noise related annoyance 

4. People who economically benefit from wind turbines have 
significantly decreased levels of annoyance compared to 
individuals that received no economic benefit 

5. Annoyance is not only related to wind turbine noise but also to 
subjective factors like attitude, visual cue, stress and 
expectations 0 
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Perception and annoyance due to wind turbine 
noise-a dose-response relationship 

Eja Pedersena> and Kerstin Persson Waye 

J_ Acoust. Soc_ A m _ 1116, (6), D ecember 2004 

Health Psychology 0 2013 American Psychological Association 
0278-6133/1 3/$12.00 hllp://dx.doi.org/ I 0. I 037 /a003 I 7fl:J 

Can Expectations Produce Symptoms From Infrasound Associated With 
Wind Turbines? 

Fiona Crichton, George Dodd, Gian Schmid, Greg Gamble, and Keith J. Petrie 
University of Auckland 

Health Psychol. 2013 Nov 25. [Epub ahead of print] 

The Power of Positive and Negative Expectations to Influence Reported 
Symptoms and Mood During Exposure to Wind Farm Sound. 
Crichton F, Dodd G, Schmid G, Gamble G, Cundy T, Petrie KJ. 

T h e Effect s of Vision-Relat ed Aspect s on oise P e r cept ion of 
~ ind T urbin es in Quiet A r eas 

L uigi Maffei 1'*, T ina l acbini 2, lVlassimiliano Masullo ll, Francesco Aletta 1, 

Francesco Sorrentino 1 , Vincenzo Paolo Senese 2 and F r ancesco Ruotolo 2 

In t. J. Environ . Res. Public H ealth 2013 , 10 I OPEN© ACCESS Freely available onllne ·.(tii-PLOS I ONE 

The Pattern of Complaints about Australian Wind Farms 
Does Not Match the Establishment and Distribution of 
Turbines: Support for the Psychogenic, 'Communicated 
Disease' Hypothesis 
Simon Chapman•, Alexis St. George, Karen Waller, Vince Cakic 

Sydn ey Sc hool of Pub lic Hea hh, Unive~ity of Syd ney, New South Wales, Aust ralia 
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MEASUREMENT AND LEVEL OF INFRASOUND 
FROM WIND FARMS AND OTHER SOURCES 
 Chris Turnbull, Jason Turner and Daniel Walsh 
 Acoustics Australia Vol. 40, No. 1, April 2012 - 45  
 

• Infrasound is 
prevalent in urban 
and coastal 
environments at 
similar (or greater) 
levels to the level of 
infrasound measured 
close to a wind 
turbine. 

Table 2. Measured levels of infrasound 

Noise Source 
Measured Level 

(dB(G)) 

Clements Gap Wind Fann at 85m 72 

Clements Gap Wind Fann at 185111 67 

Clements Gap Wind Fann at 360111 61 

Cape Bridgewater Wind Farm at 1 00m 66 

Cape Bridgewater Wind Farm at 200m 63 

Cape Bridgewater Wind Farm ambient 62 

Beach at 25m from high water line 75 

250m from coastal cliff face 69 

8km inland from coast 57 

Gas fired power station at 350m 74 

Adelaide CBD at least 70111 from any 
76 

major road 

SC IENCE INTEGRI TY KNOWLEDGE  
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Weight of Scientific Evidence 

• Based on the findings and scientific merit of the 
available studies, the weight of evidence suggests 
that when sited properly, wind turbines are not 
related to adverse health effects 

• Government findings 
– National Health and Medical Research Council in Australia, 2010  
– Chief Medical Officer of Health (ON), May 2010  
– MassDEP and MDPH, 2012  
– Oregon Health Authority, 2013  
– National Health and Medical Research Council in Australia, 2014 
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Intrinsik’s Health Based Siting 

Recommendations 
1. Setbacks should be sound-based rather than distance-based 

alone. 
2. Preference should be given to sound emissions of ≤40 dBA 

(outside, not including ambient) for non-participating 
individuals. 

3. Post construction monitoring should be common place to 
ensure actual sound levels are within required noise limits. 

4. If sound emissions from wind projects in the 40-45 dB(A) 
range for non-participating individuals, we suggest community 
consultation and community support.  
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Intrinsik’s Health Based Siting 

Recommendations 
5. Setbacks of >45 dB(A) (wind turbine noise only; not including 

ambient noise) for non-participating individuals directly outside 
a dwelling are not supported due to possible direct effects 
from audibility and possible levels of annoyance above 
background. 

6. When ambient noise is taken into account, wind turbine noise 
can be >45 dB(A), but a combined wind turbine-ambient noise 
should not exceed >55 dB(A) for non-participating and 
participating individuals. 
 

 
0 
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Red Lily Legal  

Challenge 

 

 
CANWEA – Communications Summit – Vancouver – October 3, 2011 

Date: 
Docket: 
Judicial Centre: 

BET\VEE 

Q EEN'S BENCH FOR SASKA.TCHE\VAN 

Citation: 2010 SKQB 374 
2010 10 07 
Q.B.G. o. 125 1 of2010 
Saskatoon 

DAVID McKINNO 

- and -

THERURALMUNICIPALITYOFMARTIN O . 122, and 
THE RURAL ICIPALITYOFMOOSOMINNO. 121 , 
RED LIL Y\VIND ENERGY CORP. and 7314507 CANADA 
INC. , operating as a general partnership knmvn as RED LILY 
WIND ENERGY PARTNERSHIP 

PLAINTIFF 

DEFENDANTS 

....J 
C 
(ti 
(.) --"¢' 
r-
C") 

ID 
0 
:::ii::: 
Cl) 
0 ..... 
0 
N 
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Alberta AUC Rule 012 Upheld 

 
Bull Creek wind project approved by 
Alberta Utilities Commision 

Story Comments Image (1 J 

W Tweet 8 I nN§ {I] 

Share LIi Print EJ Font Size 1:1 a 

Posted : Friday, February 28, 2014 1206 pm 

Kelly Clemmer, Editor-in-Chief I O comments 

The Alberta Utilities Commission have approved the 
application to build the BluEarth Renewable's Bul l Creek 
Wind Project, February 20, 2014, at the south border of 
the MD of Wainwrigtit and northern border of the MD of 
Provost. 

"All of the councillors were pleased with the end resu lt," 
said Jim Klasson , the MD of Wainwright's development 
officer. "Council and admin supported the project. 

"It can't be overlooked that the rest of the province 
knows that we're open for business," said Klasson. 

The Bull Creek wind energy project was applied for in 
June, 2012, and after a number of steps in the process, 
the Killarney Lake Group (KLG) opposed the project. 
AUC held public hearings on October 28, 2013 to 
November 1, 2013 in Provost. The hearing resumed in 
Calgary from November 18 to 22. It was from that 
hearing that AUG made its decision, that the Bull Creek 
nrniP.r.t WFI<; "in thP. ni 1hlir.'c; intP.mc;t " 

164665a .Alberta Ltd. 

Bulll Creek Wind Project 

F,ebrua1ry 20, 2014 
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Thank you 

http://inanutshell.ca/lifestyle/revamp-your-space-for-spring/ 

Loren D. Knopper, B.Sc., M.Sc., Ph.D. 
Senior Scientist 
Intrinsik Environmental Sciences Inc. 
6605 Hurontario Street, Suite 500 
Mississauga, ON L5T 0A3 
Phone: 905-364-7800 ext 210 
lknopper@intrinsik.com 
 

Christopher Ollson, Ph.D. 
Vice President Strategic Development 
Intrinsik Environmental Sciences Inc. 
6605 Hurontario Street, Suite 500 
Mississauga, ON L5T 0A3 
Phone: 905-364-7800 ext 232 
collson@intrinsik.com 
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Case Nome 
and No.: 

A ppendix F: Form 5 

Environment and Land Tribunals Ontario 
JQ Environmontal Re111ew Tribunal 

D Niagara Escarpment Hearing Office 

D Office of Consolidated Hearmos 

Acknowledgement of Expert's Duty 

\4 - o ~ 

1. My nnme fS C,&1t\!,10(1f:t9t QIISQ.I ffUlme) . I live at Al\~ \.tr (city) 
U1 the = J,\C(_ (ptOV/J)C6/s1D~) Of Qt\W:U (name Of 
provmce/. ale). 

2. I have been engaged by or on behalf of ~co.' ' (name of party/parties) to ({'. 
provide evidence in relation ro the above-noted proceeding. 

3. I acknowledge that it is my duty to provide evidence in relation to this proceeding 
as follows: 

(a) to provide op111ion evidence that 1s fair, objective and non~artisan, 

(b) to provide opinion evidence that 1s related only to matters that are within my 
a,ea of expertise, 

(c) to provide opinion evidence in accordance with the Environmental Review 
Tribunal's Practice Direction for Technical and Opinion Evidence; aoo 

(d ) to provide such addftional assistance as the trlDUnal may reasonaoly require. 
to determine a matter in issue. 

4. I a.cknowledge that the duty referred to above prevails over ony obligation which l 
may owe to any part'f by whom or on whose behalf f am engaged. 

Date .«.5 .C?~f._ .cRo..l.'f 
S,gmJture 

45 

EXHIBIT 

I I~ 
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Case No. 14-065/14-066-14-067 

In the matter of appeals by The Corporation of the County of 
Lambton ("County") filed September 4, 2014 and Kimberley and 
Richard Lance Bryce ("Bryces") filed September 5, 2014 for a 
Hearing before the Environmental Review Tribunal ('Tribunal") 
pursuant to section 142.1 of the Environmental Protection Act, 
R.S.O. 1990, c. E.19, as amended ("EPA"), with respect to 
Renewable Energy Approval No. 6914-9L5JBB issued by the 
Director, Ministry of the Environment, on August 22, 2014 to 
Suncor Energy Products Inc. ("Suncor"), under section 47.5 of 
the Environmental Protection Act, regarding a Class 4 wind 
facility consisting of the construction, installation, operation, use 
and retiring of a wind facility with a total nameplate capacity of 
100 megawatts (MW) ("Cedar Point"), with the substation located 
at the Southwest corner of Cedar Point Line and Fuller Road, in 
the Municipality of Lambton Shores and other project 
infrastructure at various locations within the Town of Plympton
Wyoming, Municipality of Lambton Shores, Warwick Township, 
and Lambton County, Ontario. 

INTRODUCTION 

WITNESS STATEMENT 

OF 

Christopher Andrew Ollson, Ph.D. 
Vice President 

Senior Environmental Health Scientist 
lntrinsik Environmental Sciences Inc. 

6605 Hurontario Street 
Mississauga, Ontario 

1. I have no personal interest in the outcome of this appeal. I intend to appear before the 

Environmental Review Tribunal (ERT) and be subject to direct examination and cross

examination. My evidence will be factual and opinion evidence. I have read the ERT's Practice 

Direction for Technical and Opinion Evidence and I provide this statement in accordance with that 

Practice Direction. Attached as Exhibit "1" to this W1tness statement is a Form 5 that I signed in 

accordance with the ERT's Rules of Practice. 

EXHIBIT 
Page 1 of 8 1I9's 
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Page 2 of 8

AREA OF EXPERTISE 

2. My area of expertise is in the field of environmental health science.  I am trained, schooled and

practiced in the evaluation of potential risks and health effects to people and ecosystems

associated with environmental issues.

3. I have been qualified to provide opinion evidence on wind turbines and potential health effects at

three previous ERTs (Erickson v. MOE 2011; Monture v. MOE [GREP] 2012; and Moseley v.

MOE 2014). In addition, I provided expert evidence with regard to wind turbines and health for the

Queen’s Bench of Saskatchewan in McKinnon v. Martin (2010 – also referred to as the Red Lily

case) and at the Alberta Utilities Commission (AUC) Proceeding No. 1955, Bull Creek Wind

Project (October 2013). I am also under contract to provide expert advice on wind turbines, health

and proper siting requirements for the Vermont Public Services Department.

POSITION AND QUALIFICATIONS 

4. I am the Vice President, Strategic Development and Senior Environmental Health Scientist at

Intrinsik Environmental Sciences Inc. (“Intrinsik”).  A copy of my current curriculum vitae is

attached as Exhibit 2 to this witness statement. I am recognized across Canada by the federal

and provincial/territorial governments, including the province of Ontario, as a senior

environmental health scientist, risk assessor and environmental toxicologist.

5. My formal education includes:

a. Doctorate of Philosophy, Environmental Science, Royal Military College of Canada,

Kingston, Ontario, 2003.

b. Master of Science, Environmental Science, Royal Military College of Canada, Kingston,

Ontario, 2000.

c. Bachelor of Science (Honours), Biology, Queen’s University, Kingston, Ontario, 1995.

6. I hold an appointment of Adjunct Assistant Professor at the Royal Military College of Canada in

the Department of Chemistry and Chemical Engineering and Adjunct Professor in the School of

the Environment at the University of Toronto.  My duties include teaching of graduate level

courses in Environmental Risk Assessment and co-supervision of graduate students. I have also

supervised a number of Natural Sciences and Engineering Research Council (NSERC) Industrial

Post-Doctoral Fellows over the past decade, including two that have published in the area of wind

turbines and health. In 2013, I was appointed to the Governing Council and am Vice-Chair of the

Academic Affairs Committee of the University of Toronto Scarborough Campus.
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7. Over the past five years, I have been engaged by a number of private companies to review the

potential health effects that may be associated with living in proximity to wind turbines as part of

their preparation of environmental assessment documentation. This has led to the development

of an Intrinsik research team comprised of three Doctoral level and one Master level (now

Doctoral Candidate) staff members. Approximately one third of our practice on an annual basis

has been devoted to better understanding the relationship between people and wind energy.

These research efforts were first published in a peer-reviewed scientific article entitled:

Knopper, L.D. and Ollson, C.A. 2011. Health Effects and Wind Turbines: A Review of the 

Literature. Environmental Health. 10:78. Open Access. Highly Accessed. 

Environmental Health is an open access journal (meaning anyone can obtain a copy for free) and 

has an impact factor of 2.71, meaning that articles published in this journal are often cited in other 

papers. After its publication in September 2011 the journal quickly identified the article as “highly 

accessed”, it has been viewed over 30,000 times and cited in more than 30 other scientific 

articles.  

8. Subsequently, our research team has published the following articles.

Four articles in peer-reviewed scientific journals:

Ollson, C.A., Knopper L.D. McCallum, L.C., Aslund-Whitfield, M.L. 2013. Are the findings 

of ‘Effects of industrial wind turbine noise on sleep and health’ supported? Noise & Health 

15:63, 148-150. 

Whitfield Aslund, M.L., Ollson, C.A., Knopper, L.D. 2013. Projected contributions of 

future wind farm development to community noise and annoyance levels in Ontario, 

Canada. Energy Policy. 62, 44-50 

McCallum, L., Whitfield Aslund, M., Knopper, L.D., Ferguson, G.M. and Ollson, C.A.  

2014. An investigation of wind energy and health: quantifying electromagnetic fields 

around wind turbines in Canada. Environmental Health 2014, 13:9  

Knopper, L.D., Ollson, C.A., McCallum, L.C., Aslund, M.L., Berger, R.G, Souweine, K., 

and McDaniel, M. 2014. Wind turbines and Human Health. Front. Public Health, 19 June 

2014 (attached as Exhibit 3) 

Two additional conference proceeding publications for the 5th International Conference on Wind 

Turbine Noise, Denver, August 2013: 
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Whitfield Aslund, M.L., Ollson, C.A., Knopper, L.D. 2013. ‘Projected contributions of 

future wind farm development to community noise and annoyance levels in Ontario, 

Canada’, submitted for publication in Proceedings of the 5th International Conference on 

Wind Turbine Noise, Denver Colorado 28-30 August 2013 

Knopper, L.D., Whitfield Aslund, M.L., McCallum, L.C., Ollson, C.A. 2013. ‘Wind turbine 

noise: What has the Science Told Us?’, , submitted for publication in Proceedings of the 

5th International Conference on Wind Turbine Noise, Denver Colorado 28-30 August 

2013 

CHRONOLOGY OF INVOLVEMENT AND DOCUMENTS REVIEWED 

9. I was contacted by Counsel for Suncor in September, 2014 and asked to provide an opinion in

this matter.

10. Intrinsik was retained by Suncor in 2012 to provide expertise and information on the current

scientific and government literature related to wind turbines and health matters. I appeared at a

number of open houses and community engagement events related to the project.

11. I have reviewed the following Appellant’s documents:

a. Notice of Appeal, dated September 5, 2014

b. Disclosure Statement of the Appellants Richard Lance and Kimberley Bryce

c. Witness Statement of Barbara Ashbee, unddated for ERT Case Nos. 13-084 to 13-089

d. Witness Statement of Sandy MacLoed, undated for ERT Case Nos. 13-084 to 13-089

e. Transcripts of Barbara Ashbee and Sandy MacLoed, September 24, 2013 for ERT Case

Nos. 13-084 to 13-089

12. I also reviewed the Final Renewable Energy Approval and Reports provided on the Suncor Cedar

Point Wind Power Project website at http://www.suncor.com/en/about/4797.aspx

a. The most pertinent of the reports to my evidence was the noise report:

Noise Assessment Report Cedar Point Wind Power Project. May 14, 2014. 

Prepared by HGC Engineering for Suncor Energy Projects  

13. I have also attached  “Knopper, L.D., Ollson, C.A., McCallum, L.C., Aslund, M.L., Berger, R.G,

Souweine, K., and McDaniel, M. 2014. Wind turbines and Human Health. Front. Public Health, 19
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June 2014” as Exhibit 3 and have relied on this paper and the references it contains, in part, to 

form my opinion.  

DISCUSSION 

14. In my witness statement prepared for Erickson v. Ontario Ministry of the Environment, January

17, 2011, I provided the following statement:

“Through my review of the peer-reviewed, published scientific literature and government 

agency reviews, it is my professional opinion that the O. Reg. 359/09 requirements of 

<40 dB(A) and a minimum separation distance of 550 m between wind turbines and 

receptors is reasonable and sufficient to protect against adverse health effects.” 

Although there have been a number of government documents and scientific, social science and 

white papers published since Erickson, my review of this information has not changed my 

professional opinion from January 2011.  

15. In the years following the publication of Knopper and Ollson (2011), the debate surrounding the

relationship between wind turbines and human health has continued. As of June 2014, there were

roughly 60 scientific peer-reviewed articles on the issue of causation between wind turbines and

alleged health effects.  While some argue that reported health effects are related to wind turbine

operation (electromagnetic fields (EMF), shadow flicker, audible noise, low frequency noise,

infrasound) others suggest that when turbines are sited correctly, effects are more likely

attributable to a number of subjective variables (i.e., attitudes, expectation, visual aesthetics,

economics) that result in an annoyed/stressed state. There is also a growing body of research

that suggests that nocebo effects (that is where the etiology of the self-reported effect is in beliefs

and expectations rather than a physiologically harmful entity) play a role in a number of self-

reported health impacts related to the presence of wind turbines. Indeed negative attitudes and

worries of individuals about perceived environmental risks have been shown to be associated

with adverse health-related symptoms such as headache, nausea, dizziness, agitation and

depression, even in the absence of an identifiable cause.

16. In 2014, colleagues and I published another peer-reviewed article where we critically evaluated

these studies (see, Knopper, LD, et al., Wind Turbines and Human Health, 2014, Frontiers in

Public Health, vol. 2, art. 63, copy attached as Exhibit 3). Based on the findings and scientific

merit of the research conducted to date, it is my opinion that the weight of evidence suggests that

when sited properly, wind turbines are not related to adverse health effects. This claim is

supported (and has also been made) by findings from a number of government health and

medical agencies (e.g., National Health and Medical Research Council in Australia, 2010; Chief
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Medical Officer of Health (Ontario), May 2010; Massachusetts Department of Environmental 

Protection (MassDEP) and Massachusetts Department of Public Health (MDPH), 2012; Oregon 

Health Authority, 2013; National Health and Medical Research Council in Australia (Merlin et al., 

2014)).  

17. Based on the available evidence, and taken directly from Knopper et al. 2014, our research team 

has suggested the following best practices for wind turbine development in the context of human 

health. However, it should be noted that subjective variables (e.g., attitudes and expectations) are 

strongly linked to annoyance and have the potential to facilitate other health complaints via the 

nocebo effect. Therefore, it is possible that a segment of the population may remain annoyed (or 

report other health impacts) even when noise limits are enforced.

a. Setbacks should be sound-based rather than distance-based alone

b. Preference should be given to sound emissions of ≤40 dB(A) for non-participating 

receptors, measured outside, at a dwelling, and not including ambient noise. This value is 

the same as the WHO (Europe) night noise guideline (WHO, 2009) and has been 

demonstrated to result in levels of wind turbine community annoyance similar to, or lower 

than, known background levels of noise-related annoyance from other common noise 

sources.

c. Post construction monitoring should be common place to ensure modelled sound levels 

are within required noise limits.

d. If sound emissions from wind projects is in the 40-45 dB(A) range for non-participating 

receptors, we suggest community consultation and community support.

e. Setbacks that permit sound levels >45 dB(A) (wind turbine noise only; not including 

ambient noise) for non-participating receptors directly outside a dwelling are not 

supported due to possible direct effects from audibility and possible levels of annoyance 

above background.

f. When ambient noise is taken into account, wind turbine noise can be >45 dB(A), but a 

combined wind turbine-ambient noise should not exceed >55 dB(A) for non-participating 

and participating receptors. Our suggested upper limit is based on WHO (2009) 

conclusions that noise above 55 dB(A) is “considered increasingly dangerous for public 

health”, is when “adverse health effects occur frequently, a sizeable proportion of the 

population is highly annoyed and sleep-disturbed” and “cardiovascular effects become the 

major public health concern, which are likely to be less dependent on the nature of the 

noise”.
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18. In addition, there has been recent speculation that low frequency noise or infrasound emitted

from wind turbines could be the cause of health concerns reported by some living in proximity to

wind projects. To that end, our research team along with Mr. Payam Ashtiani of Aercoustics

Engineering Ltd. and Dr. Geoff Leventhall recently submitted a paper for review entitled “Health-

based Audible Noise Guidelines Account for Infrasound and Low Frequency Noise Produced by

Wind Turbines” to the International Journal of Environmental Research in Public Health.

a. The purpose of this paper was to investigate whether current audible noise-based

guidelines for wind turbines account for the protection of human health given the levels of

infrasound (IS) and low frequency noise (LFN) typically produced by wind turbines. New

field measurements of indoor IS and outdoor LFN at locations between 400 m and 900 m

from the nearest turbine, which were previously underrepresented in the scientific

literature, are reported and put into context with existing published works. Our analysis

showed that indoor IS levels were below auditory threshold levels while LFN levels at

distances >500 m were similar to background LFN levels. Collectively, these data in

conjunction with previous reports indicate that levels of IS and LFN are not sufficient to

induce adverse health effects; therefore health-based audible noise guidelines, as

provided by the MOE, are suitable for the protection of human health.

19. A recent article that was not addressed in Knopper et al. (2014) is that of Dr. Ian Arra of

Laurentian University and reported on the Cureus website in 2014. Arra I, Lynn H, Barker K, et al.

(2014-05-23 11:51:41 UTC) Systematic Review 2013: Association Between Wind Turbines and

Human Distress. Cureus 6(5): e183. doi:10.7759/cureus.183. Dr. Arra worked with Dr. Lynn in an

attempt to provide a literature review of the issues surrounding wind turbines and health. This

work in large part formed the basis for a Grey Bruce Board of Health Presentation given by Dr.

Arra and Dr. Lynn on February 22, 2013. It is my opinion that Arra et al., 2014, should not be

given any weight in this scientific debate and is not an authoritative review of the potential health

effects associated with living in proximity to wind turbines. The paper contains numerous

methodological and interpretation issues, and Cureus is not a reputable or indexed scientific or

medical journal.
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CONCLUSION(S) 

20. During my review of the Suncor Cedar Point Wind Power Project documentation there was

nothing that I noted that was unique or site-specific about this project that changes my

professional opinion from January 2011.

21. I have reviewed the witness statements of Barbara Ashbee and Sandy MacLeod prepared for

ERT Case Nos. 13-084 to 13-089. There is nothing contained within their statements or the

accompanying transcripts, dated September 24, 2013, that would cause me to alter my opinion

that the Cedar Point Wind Project will not cause serious harm to health.

22. Therefore, I will provide my professional opinion that the operation of the Suncor Cedar Point

Wind Power Project, in accordance with the Renewable Energy Approval as issued, will not

cause serious harm to human health.

23. I will also address any evidence raised by the Appellants or their witnesses regarding wind

turbines and health effects.

23 October 2014 

DATE Christopher Ollson, Ph.D. 
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Intrinsik’s Renewable Energy Health Team 
• Health scientists dedicated to research and consultation in health

aspects of renewable energy
Dr. Christopher Ollson, Ph.D. (co-leader) 
Dr. Loren Knopper, Ph.D.  (co-leader)   
Dr. Melissa Whitfield Aslund, Ph.D. 
Ms. Lindsay McCallum, M.Env.Sci.  (Ph.D. Cand) 
Dr. Mary McDaniel, DO, JD, MPH 
Dr. Robert Berger, Ph.D. 

Review Highly accessed GHi:IJiiiii 
Health effects and wind turbines: A review of 
the literature 
Loren D Knopper1 * and Christopher A Ollsonl 

[ Mf"O l'Oltey 62: (201')) 44- 50 

Contcn t :!I> lhb availa ble a t SucnccD11 cct 

Energy Policy 

jour-nol homepage: www.elscvier-.com/ locoto/cnpol 

Projected contributions of future wind farm development 

McCallum ft al E1Mronmmral Hmlth 2014, 13=9 

h1tJ¥,//wwN .thjoof'ft&l.net/con~t.n.t/13/l/9 
ENVIRONMENTAL HEALTI-1 

RESEARCH Open Access 

Measuring electromagnetic fields (EMF) around 
wind turbines in Canada: is there a human health 
concern? 
Lindsay C McCallum12, Melissa L Whitfield Mund2, Loren D Knopper', Glenn M Ferguson' and Christopher A Ollson2• 

Letter to Editor: Are the findings of "Effects of industrial 
wind turbine noise on sleep and health" supported? 

---------

Christopher A. Ollson, 
Loren D. Knoppe1~ Lindsay C. McCallum, 

to community noise and annoyance levels in Ontario. Canada Jl!i.-rthly1nl•~-rnbnl!Jourul 

nwlDSl!!allfhmln.015i1 
Melissa L. Whitfielcl-Asluncl 

M e l issa L. Whitfield Aslund. Chri sto p l1er A. Ollson. Loren D. l<no pper • Noise & Health, March-April 2013, Vo/11111e 15:63, 148-52 
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The Issue 

• Public generally favours the idea of wind energy. 

In the future, there will be no difference 
between waste and energy. HSBC ID 
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F WIND ENERGY 
WHEN THE SCIENCE~ OF PROSTITUTION 
TURNS INTO THE AR 
(EDITORIAL) 

Ma, 1, 2014 
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Wind Turbine Syndrome 
• Self-reported symptoms generally 

included: 
– Annoyance, sleep disturbance, 

tiredness, headache, tinnitus, 
irritability, nausea, lack of 
concentration. 

• This collection of effects is 
commonly called “Wind Turbine 
Syndrome” (Pierpont, 2009). 

• The reason for the self-reported 
health effects is highly debated. 0 
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Noise and Health 

• Environmental noise above certain levels is a 
recognized factor in a number of human health 
issues 
– e.g., hearing, sleep, myocardial infarction, annoyance 

• Noise from wind turbines can be annoying to some 
and associated with sleep disturbance 
– especially when found at levels greater than 40 dB(A) 
– WHO (EU) night noise guideline 

• Proper siting of wind turbines is key! 
– Even when noise limits are enforced it is possible that a 

segment of the population may remain annoyed (or 
report other health impacts) 

 0 
intr1ns1k 
SC IENCE INTEGRI TY KNOWLEDGE  

006786

ADMINISTRATIVE RECORD - Scan 3 - Page 78 of 235

- Page 1960 -



Human Health – The Debate 

Health effects related to 

wind turbine operation* 

– Audible noise 
– Low frequency noise 
– Infrasound 
– Shadow flicker 

 
 
 
 

 

Health effects related to 

subjective issues* 

– Attitude 
– Visual cue 
– Stress 
– Expectations 
– Economics. 

 
 

*based on proper noise setbacks *often regardless of regulated 
setbacks 
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Weight of Scientific Evidence 

from ~60 Peer-Reviewed Articles 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 
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ORIGINIAL ARTICLE 

Wind turbine noise, annoyance and self-reported health and 
well-being1 in different living environments 
Eia Pedersen, Kerstin Persson Waye 

Oa::vp Environ Med2007;64:A80-A86. doi: 110.11 36/oem.2006.031039 
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A-weight,ed sound pressure level !dBi 

Figure 1 Proportion of respondents who rnoticed soond from wind 
turbines outside their dwelling, in relation to A-weighted sound pressure 
levels in 2.5-dB intervals. Vertical bars indicate 95% confidence in1ervals; 
n, the total number of respondents in each in1erval. 0 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 
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A comparison betw een exposure-response relationships for w ind 
turbine annoyance and annoyance due to o ther noise sources 

Sabine A. Janssena> and Henk Vos 
Department of Urban Environment and Safety, Netherlands Organization/or Applied Scientific R esearch , 
P .O. B ox 49 , 2600 M Delft , The Netherlands 

Arno R. Eisses 
Department of Acoustics and Sonar, Netherlands Organization/or Applied Scientific R esearch, 
P .0. Box 96864, 2509 JG The Hague, The Netherlands J. Acoust. Soc. Am .. 130 ('6),. December 201 1 
Eja Pedersenbl 
Ecology and Environmental Science, Halmstad University, P .O. Box 823 , SE-301 18 Halmstad, Sweden 
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FIG. t. (Color onlin ) The exposure-response re lation. hip. between Ld"" and the percentage of resident. annoyed (%A) and h ighly annoyed (%HA) indoors 
(I ft) and outdoor. (right). 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance from turbines can be within the range 
of existing levels of community noise related annoyance 
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Impact of Wind Turbine Noise in The 
Netherlands  
Verheijen, E., Jabben, J., Schreurs, E., Smith, K.B 
Noise & Health, November-December 2011, Volume 13:55, 459-63 

• “The percentage of severely annoyed at 45 dB [Lden] 
is rated at 5.2% for wind turbine noise, which is well 
below 10% that corresponds to the existing road and 
railway traffic noise limits”. 

ational Institute for Public Healt1h 
and the Envimnrnerit 
Mi11imy ofHt11lrh. WelftW€ a11d port 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance can be within the range of existing 
levels of community noise related annoyance 

4. People who economically benefit from wind turbines have 
significantly decreased levels of annoyance compared to 
individuals that received no economic benefit 

0 
intr1ns1k 
SC IENCE INTEGRI TY KNOWLEDGE  

006794

ADMINISTRATIVE RECORD - Scan 3 - Page 86 of 235

- Page 1968 -



Science of the Total Environment 425 {2012) 42-51 

Content s li sts avai lable at SciVerse ScienceDirect 

Scie n ce of t h e Total Enviro n1ne n t 

j ourna l homepage: www . e l sev i e r . c om / loc ate / sc itotenv 

ience of lhe 
Tu-t ill Envin:mr11.en t ------------------

Impact of wind turbine sound on annoyance,. self- reported sleep disturbance and 
psychological distress 

R.H. Bakker a ,>1< . E. Pedersen b , G.P. van den Berg c . R.E. Stewart ct, W . Lok a , 11 , J. Bouma e 

Table4 
Respon.se to indoor wind turbine sound among economically benefitting and non-benefitting respondents. 

Response 

Do not notice Notke, not annoyed Stightly annoyed Rather annoyed Very annoyed 

No economical benefit 
Economical benefit 

n 

394 
53 

% 

68 
54 

Table 7 

n 

98 
39 

% 

17 
39 

n 

46 
7 

% 

8 
7 

n 

21 
0 

% 

4 
0 

n 

20 
0 

Sound sources of sleep disturbance in rural and urban area types. only respondents 
who did not benefi t economically from wind turbines. 

Sound source of sleep dis turbance Rural Urban Total 

n % n % n % 

Not dis turbed 196 69.8 288 64.9 484 66.8 
Dis turbed by people/ animals 33 11.7 64 14.4 97 13.4 
Dis turbed by traffic/ mechanical sounds 35 12.5 75 16.9 110 15.2 
Dis turbed by wind turbines 17 6.0 17 3.8 34 4.7 
Total 281 100 444 100 725 100 

% 

4 
0 

Total 

n 

579 
99 

% 

100 
100 
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Weight of Scientific Evidence 

1. People tend to notice sound from wind turbines almost linearly 
with increasing sound pressure level 

2. A proportion of people that notice sound from wind turbines 
find it annoying 

3. Noise-related annoyance can be within the range of existing 
levels of community noise related annoyance 

4. People who economically benefit from wind turbines have 
significantly decreased levels of annoyance compared to 
individuals that received no economic benefit 

5. Annoyance is not only related to wind turbine noise but also to 
subjective factors like attitude, visual cue, stress and 
expectations 0 
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Perception and annoyance due to wind turbine 
noise-a dose-response relationship 

Eja Pedersena> and Kerstin Persson Waye 

J_ Acoust. Soc_ A m _ 1116, (6), D ecember 2004 

Health Psychology 0 2013 American Psychological Association 
0278-6133/1 3/$12.00 hllp://dx.doi.org/ I 0. I 037 /a003 I 7fl:J 

Can Expectations Produce Symptoms From Infrasound Associated With 
Wind Turbines? 

Fiona Crichton, George Dodd, Gian Schmid, Greg Gamble, and Keith J. Petrie 
University of Auckland 

Health Psychol. 2013 Nov 25. [Epub ahead of print] 

The Power of Positive and Negative Expectations to Influence Reported 
Symptoms and Mood During Exposure to Wind Farm Sound. 
Crichton F, Dodd G, Schmid G, Gamble G, Cundy T, Petrie KJ. 

T h e Effect s of Vision-Relat ed Aspect s on oise P e r cept ion of 
~ ind T urbin es in Quiet A r eas 

L uigi Maffei 1'*, T ina l acbini 2, lVlassimiliano Masullo ll, Francesco Aletta 1, 

Francesco Sorrentino 1 , Vincenzo Paolo Senese 2 and F r ancesco Ruotolo 2 

In t. J. Environ . Res. Public H ealth 2013 , 10 I OPEN© ACCESS Freely available onllne ·.(tii-PLOS I ONE 

The Pattern of Complaints about Australian Wind Farms 
Does Not Match the Establishment and Distribution of 
Turbines: Support for the Psychogenic, 'Communicated 
Disease' Hypothesis 
Simon Chapman•, Alexis St. George, Karen Waller, Vince Cakic 

Sydn ey Sc hool of Pub lic Hea hh, Unive~ity of Syd ney, New South Wales, Aust ralia 
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MEASUREMENT AND LEVEL OF INFRASOUND 
FROM WIND FARMS AND OTHER SOURCES 
 Chris Turnbull, Jason Turner and Daniel Walsh 
 Acoustics Australia Vol. 40, No. 1, April 2012 - 45  
 

• Infrasound is 
prevalent in urban 
and coastal 
environments at 
similar (or greater) 
levels to the level of 
infrasound measured 
close to a wind 
turbine. 

Table 2. Measured levels of infrasound 

Noise Source 
Measured Level 

(dB(G)) 

Clements Gap Wind Fann at 85m 72 

Clements Gap Wind Fann at 185111 67 

Clements Gap Wind Fann at 360111 61 

Cape Bridgewater Wind Farm at 1 00m 66 

Cape Bridgewater Wind Farm at 200m 63 

Cape Bridgewater Wind Farm ambient 62 

Beach at 25m from high water line 75 

250m from coastal cliff face 69 

8km inland from coast 57 

Gas fired power station at 350m 74 

Adelaide CBD at least 70111 from any 
76 

major road 
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Weight of Scientific Evidence 

• Based on the findings and scientific merit of the 
available studies, the weight of evidence suggests 
that when sited properly, wind turbines are not 
related to adverse health effects 

• Government findings 
– National Health and Medical Research Council in Australia, 2010  
– Chief Medical Officer of Health (ON), May 2010  
– MassDEP and MDPH, 2012  
– Oregon Health Authority, 2013  
– National Health and Medical Research Council in Australia, 2014 
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Intrinsik’s Health Based Siting 

Recommendations 
1. Setbacks should be sound-based rather than distance-based 

alone. 
2. Preference should be given to sound emissions of ≤40 dBA 

(outside, not including ambient) for non-participating 
individuals. 

3. Post construction monitoring should be common place to 
ensure actual sound levels are within required noise limits. 

4. If sound emissions from wind projects in the 40-45 dB(A) 
range for non-participating individuals, we suggest community 
consultation and community support.  
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Intrinsik’s Health Based Siting 

Recommendations 
5. Setbacks of >45 dB(A) (wind turbine noise only; not including 

ambient noise) for non-participating individuals directly outside 
a dwelling are not supported due to possible direct effects 
from audibility and possible levels of annoyance above 
background. 

6. When ambient noise is taken into account, wind turbine noise 
can be >45 dB(A), but a combined wind turbine-ambient noise 
should not exceed >55 dB(A) for non-participating and 
participating individuals. 
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Red Lily Legal  

Challenge 

 

 
CANWEA – Communications Summit – Vancouver – October 3, 2011 

Date: 
Docket: 
Judicial Centre: 

BET\VEE 

Q EEN'S BENCH FOR SASKA.TCHE\VAN 

Citation: 2010 SKQB 374 
2010 10 07 
Q.B.G. o. 125 1 of2010 
Saskatoon 

DAVID McKINNO 

- and -

THERURALMUNICIPALITYOFMARTIN O . 122, and 
THE RURAL ICIPALITYOFMOOSOMINNO. 121 , 
RED LIL Y\VIND ENERGY CORP. and 7314507 CANADA 
INC. , operating as a general partnership knmvn as RED LILY 
WIND ENERGY PARTNERSHIP 

PLAINTIFF 

DEFENDANTS 

....J 
C 
(ti 
(.) --"¢' 
r-
C") 

ID 
0 
:::ii::: 
Cl) 
0 ..... 
0 
N 

0 
intr1ns1k 
SC IENCE INTEGRI TY KNOWLEDGE  

006802

ADMINISTRATIVE RECORD - Scan 3 - Page 94 of 235

- Page 1976 -



Alberta AUC Rule 012 Upheld 

 
Bull Creek wind project approved by 
Alberta Utilities Commision 

Story Comments Image (1 J 

W Tweet 8 I nN§ {I] 

Share LIi Print EJ Font Size 1:1 a 

Posted : Friday, February 28, 2014 1206 pm 

Kelly Clemmer, Editor-in-Chief I O comments 

The Alberta Utilities Commission have approved the 
application to build the BluEarth Renewable's Bul l Creek 
Wind Project, February 20, 2014, at the south border of 
the MD of Wainwrigtit and northern border of the MD of 
Provost. 

"All of the councillors were pleased with the end resu lt," 
said Jim Klasson , the MD of Wainwright's development 
officer. "Council and admin supported the project. 

"It can't be overlooked that the rest of the province 
knows that we're open for business," said Klasson. 

The Bull Creek wind energy project was applied for in 
June, 2012, and after a number of steps in the process, 
the Killarney Lake Group (KLG) opposed the project. 
AUC held public hearings on October 28, 2013 to 
November 1, 2013 in Provost. The hearing resumed in 
Calgary from November 18 to 22. It was from that 
hearing that AUG made its decision, that the Bull Creek 
nrniP.r.t WFI<; "in thP. ni 1hlir.'c; intP.mc;t " 

164665a .Alberta Ltd. 

Bulll Creek Wind Project 

F,ebrua1ry 20, 2014 
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Thank you 

http://inanutshell.ca/lifestyle/revamp-your-space-for-spring/ 

Loren D. Knopper, B.Sc., M.Sc., Ph.D. 
Senior Scientist 
Intrinsik Environmental Sciences Inc. 
6605 Hurontario Street, Suite 500 
Mississauga, ON L5T 0A3 
Phone: 905-364-7800 ext 210 
lknopper@intrinsik.com 
 

Christopher Ollson, Ph.D. 
Vice President Strategic Development 
Intrinsik Environmental Sciences Inc. 
6605 Hurontario Street, Suite 500 
Mississauga, ON L5T 0A3 
Phone: 905-364-7800 ext 232 
collson@intrinsik.com 
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PUPAUD BY & HTURN TO 

Orin Shakerdge, Esq. 
FPL Energy, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Telephone: (561) 694-4678 

' 

Ooc# __ ._0 ..... 0 ..... 1 .... -_~ __ 4 .... <J .... 8 __ _..s..,p~p 
State of South Dakota } 

lo-ss. Feea---~-----
County of Codington 

+i FICE OF REGIS ER OF DEEDS 
-:::1--~dayof . 

--1iilLJoq'4-,,l,-at Id: -~S o'clock m 

----tS9,;a~.--:::----
REGISTER OF DEEDS/DEPUTY 

(This space rcscrvcd for recording information) 

MEMQRANDUMQFQPTIQN 
FUR EASEMENT AGREEMENT 

THIS MEMORANDUM OF OPTION FOR EASEMENT AGREEMENT 
("Memorandum") is made as of qi l u d . 2007 (the "Effective Date") by and 
between Dennis D. Tbyen and Dawn M.~ Thyen, Husband and Wife, ("Owner") whose 
address for purposes of notices is: 46310 164 .. St., Watertown, SD 57201 ("Ownen"), and 
Boulevard Associates, LLC, a Delaware limited liability company, a subsidiary of FPL Energy 
LLC, a Delaware limited liability company, whose address for purposes of notices is: 700 
Universe Blvd., Attn: Business Manager, Juno Beach, FL 33408 ("FPLE"). Each of Owner and 
FPLE shall hereinafter be referred to individually as a "Party" and collectively as the "Parties." 

RECITALS 

WHEREAS, Owner and FPLE are the parties in and to an Option for Easement 
Agreement dated ~ttd , 2007 ("Agreement"), by which Owner granted 
to FPLE an exclusiv~ for easements over and across certain real property located in the 
County of Codington, State of South Dakota, described on the attached Exhibit A as the 
"Property" and as owned by Owner. 

WHEREAS, Owner and FPLE desire to execute, ddiver and record this Memorandum 
for the purpose of putting all persons on notice ofFPLE' s right, title and interest in the Property. 

NOW, THEREFORE, for good and valuable consideration, the receipt and sufficiency of 
which are hereby acknowledged, Owner and FPLE do hereby state, declare and establish as 
follows: 

AGREEMENT 

1. Grant of Option. Commencing on the Effective Date, Owner hereby grants to 
FPLE an exclusive option to enter into an agreement creating certain easement rights and 
obligations affecting the Property, for wind energy development purposes ("Option"). 

2. Term & Termination. The term of the Option shall commence on the Effective 
Date and terminate on the date that is three (3) years after the Effective Date ("Iaitial Option 
Period"). The Initial Option Period may be extended for a three (3) year period on the same 

EXHIBIT 
Thyen_ Demis &: Dawn_memo I.I 11 
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2. Ieng 4 Termination. The tenn of the Option shall commence on the Effective 
Date and terminate on the date that is three (3) years after tho Effective Date ("Initial Option 
Period"). Tho Initial Option Period may be extended for a three (3) year period on the same 
tenns and conditions set forth in the Agreement ("Renewal Option Period"). The Initial 
Option Period and, if applicable, the Renewal Option Period shall be referred to hereinafter 
collectively as the "Option Period". FPLE may tenninate tho Option at any time during the 
Option Period upon written notice to Owner. 

3. Exerelse of Option. FPLE may exercise the Option at any time during the 
Option Period upon after providing written notice to Owner. If FPLE exercises the Option in 
accordance with the tenns contained herein, the Parties agree to negotiate in good faith and with 
due diligence to CKOCUte ao agreement creating the easement rights and obligations contemplated 
hereby, within sixty (60) days after the exercise of the Option. 

4. Exclusivity. During tho Option Period, Owner will not sell, contract to sell, 
assign. lease, negotiate with another wind fann developer, or otherwise transfer or encumber the 
Property or any part thereof or interest therein, unless it is transferred or encumbered subject to 
FPLE's rights under the Agreement. In no event will Owner, during the Option Period, grant a 
license, easement, option. leasehold, or other rights to the Property, or any part thereof, to any 
other utility or entity seeking, directly or indirectly, to develop the Property, or any part thereof, 
for wind energy conversion, or to negotiate with any other party with respect to such rights, nor 
pennit any third party to undertake activities on the Property to evaluate the wind resources of 
the Property, or any part thereof. 

5. lntemretatlon of lhb Memorandum. The purpose of this Memorandum and 
its recordation in Codington County, South Dakota is to place all persons on notice of the 
existence of the Agreement. It is understood and agreed by the Parties that this Memoraodum 
shall not modify or amend the Agreement in any respect. All of the terms, covenants and 
conditions contained in the Agreement and this Memorandum shall be deemed covenants runoing 
with the lsnd for all purposes. 

6. Coupterparjs. This Memorandum may be CKOCUled in two or more couolefparts, 
esch of which will be deemed an original, but all of which together shall constitute one and the 
same instrwnent. 

2 
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IN WITNESS WHEREOF, the parties have eKOCUted this Memomndwn as of the Effective Date. 

Owner: 

BA: 
Boulevard Associates, LLC 
A Delaware limited liability company 

By: M/L 
Dean Gosie1in,Vice6esident 

Tbyon_Dotmls&D1wn_memo.c1ac 3 
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To be filled out b No 

ACKNOWLEDGEMl!iNT 

Public for Land Owner: 

State of South Dakota 

County of CJ,.., T'I>"-

) 
)ss: 
) 

IN WITNESS WHEREOF, I hereunto set my hand and official seal. 

(notary seal) 

TODD C. ANDERSON 

e...a,.e 
·.£;;!.le.~ 
Notary Public, State of South Dakota 

My commission expires: ~/:,. y Igo /:J 
> I 

State of Florida ) 
)ss: 

County of Palm Beach) 

On this L day of _l .J ½ , 2007, before me, the undersigned notary public, 
personally appeared Dean R. Gosselin, personally known to me to be the per,on who subscribed 
to the foregoing instrument and acknowledged that he executed the same on behalf of said 
limited liability company and that be was duly authori7.ed so to do. 

IN WITNESS WHEREOF, I hereunto set my hand aod official seal. 

(rwlary seal) 

Notary Public, State of Florida 

J.·A·~ My commission expires: _______ _ 

4 
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EXHIBITA 

Real Prpperty Description 

The West 830 feet of the Southwest Quarter (SWl/4) of Section 22, Township 118 North, Range 
SI West of the 5th P.M., except the Railroad right--0f•way contained therein; except that portion 
conveyed to Codington County for roadway purposes and described in Quit Claim Deed filed in 
Book 185 of Deeds on pag,, 67. Codington County, South Dakota 

Thym.J)ennfs&Dawn_rnomo,do<: 5 
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Boulevard Associates/ LLC 
700 Universe Blvd. 

Juno Beach, FL 33-108-2683 

8/31/2012 

DENNIS D AND DAWN M THY EN 
46310 16-ITH STREET 
WATERTOWN, SD 57201 

Re: Wind Farm Agreement 

Dear DENNIS D AND DAWN M THYEN. 

As you are aware, the wind farm agreement we have on your property renews annually. 
After a thorough review of the opportunities for wind energy in your area, we have 
decided to not renew your agreement at this time. 

I want to personally thank you for your participation and cooperation as we gathered data 
for a potential wind project in your community. The decision to discontinue your 
agreement was based on a list of criteria, including market opportunities, wind resource 
and environmental that leads us to the decision to terminate your wind farm agreement 
with Boulevard Associates, LLC. Based on this detennination, we will also be 
discontinuing any further payments. 

We will continue to monitor this region. If market conditions change and we believe this 
project is viable in the future, we will contact you. Should you have any questions please 
feel free to contact me at (561) 691-7240. 

Sincerely, 

Scott Scovill 
Director Development 

cc: Mikel Greene 

EXHIBIT 

II)2 
 

006810

ADMINISTRATIVE RECORD - Scan 3 - Page 102 of 235

- Page 1984 -



Rot>etls 

Day 

eoo.,_ 

~ 0.5 

I 
I 

I 

I 

I 

I , 

' \ 

I 

I 

\ 
\ 

\ 

' , 
I , 

I 
I 

I 

I 
\ 

I 
\ 

I 
\ 

' ' ' ' ' ' 

Bi/1;>1< 

le<:quff l 

°""" 
1 Mile 

.... -- -

r--~-
0 ~ 

,.., 
CR1-C26-P • 

0 · 

. ) 

0 

0 

0 ' 
CR1-C19-0 • 

•) 

8 

CR1-C35-P 

• 

A·.1 

CR1-C3O-P 

• 

~) 

r, 
CR1-C36-P 

• 

0 8 

0 0 

G 

A 

• . . p• 
CR1-C69-P CR1-€~2O-P 

CR1-C68-P.i CR1-C1 . CR11.1J 

!9 

0 

EAPC 
WINO E.NEH, ,, 

,,. I 10· . 71', IOOC 

Crowned Ridge Wind Farm 
Sound Pressure Isa-Lines 

Client 

SWCA Envi<onmental Consultants 

Profccr Description 

Wind turbine layout with occupted 
structures wrthin 2 km as wen as 
parcet boundaries. 

Ptedic1od sound pre-ssuro lcve1s ot existing 
,estdenees ond land patCol boundarle-s. 

Additlonal 2 dBA added. 

Cod{ngion CR1-C17-P • 
0 

\ 
' 0 
I 

CR2-C15QJP . . ~ 

• CR1fC12-1-P CR1-~ 5,p I ~ l•A• 

l . CR1 •Cl2-P • l CR1•C13.p • II v•ow" VJ, n ~ I v •~-•- VJ• I 

'J. 1 eR1~c;t,l p·• CRl~e, · LC11£nd 
A Q-ownoo Rldg& Wind Turbines 

© ~ I 

I q -~ - o ] ' ~ t ER",:-ca-r 
o j rl o ~~ ».ecR,.c21., 

' ... 

I 

~R1-C1O-P 
• ' \ ~ ,1.12, 

' ' ( ~~-~3- _c;•~◄~r, 

I Crowned Ridgo II Wind Turbines 

A Ol'lkOI& Ra~ Wkxt Turt>lne, 

I: I 2 km TL#blnc Bulfer 

D Cour<y Lines 
D CR1 Pro,oct Boundo,y 
Q Non PoAA:ipen\$ 

e P•nlclponts 
- <lll Olhor Vl!llui!!s" 

Sound P!'M~uri!I (dBA) _ ,. / I cR1-cl • € R1-ez3.p 

...... 1 -- - ...... ~ ,,' -- ,, 
' 0 -' -''--- -- -r -

CRll•AhS 

CRll-12, 

1 1Rll· 120 

CRll·l1 

ihy.tn Pr-dpt yfy 

.. 
" .. 

- •• 
P~pi11,llg Codlngl0'1 PwCMits 

D ~aflidpMlll9 Codln9'0" P1uotlt 

=:a P•ttk:lpM.lrig Pwc41b 

□~Plltcels l_J Non-Portielpeliog P•_•-- ---

Cupyi1qt11:C1 2013 N111ional G1~oq•~r>hl-l. Soclrty, t-1.7.Jbt!d 

~~:...paa11a1HJrK,~,._ N 

W;ll;Mlta, IIONPIWM!a.tlftf~-.'111 * Nr~-p..,aNdt,y£APCe11lffllf'-"""'"" W E 
al Mr11lc•thlll rW!IMf'l,fNIPI09W\YrlEAPC. 
1:APC tNi1 ,_., 1111 tOrflMQf'I .. "" tllUUr)' 
MdOU.,._... rlgtlt,.~.,_ S 
~INll,..a,, 

,..,.,._ EM'C l'IOI'.,., Pl'Mlfl !IICIJIIGOl'IW,.- tleflnll': (,,J mM.ft MYw.trf~ . .... ,orlmpl«I, with lt,llf)K'l.111 IMWMdfl'!1 ...-mMtOnllhdoleci MV.tt-,ig:c,, (bfHllllll'lh 1111)' Mt.ally with lelfM!ICI III hi ... ol ... , ifl~oJllklnOfrnMIOctt 
llhldl'llltcl Clfl t,...drllllNlg. An)'t~ol l'ftOcM:loftlflnl. bJ••aa"'funo.t ar-at~~ tofJlli,IIMfo ENl'C, !It p,tfilf'l«ll'P(IIMOO!I ....s lb ....... tNn 1nyWlillyfl»'•K\ IAdi"IICl, --,i"11illl, OI' ~ bNet ~~ 
• &f'l!INiC01Waa, ... , f_..,.._. . "Afl'"MIOl'il'llplad,WM10/l'«l-•. • nd•n1~1to1eatr.-1t1,~..,11110•tte1MbilitJl, 1htr~,bN~anOiaealW.-r.li,111ccwallledlnlf'llldocuWWff.remM~lllWlit,edillnl 

EXHIBIT 

11 J: 13  006811

ADMINISTRATIVE RECORD - Scan 3 - Page 103 of 235

- Page 1985 -



International Association for Impact Assessment 

Social Impact Assessment: 

Frank Vanclay, University of Groningen 

Ana Mana Esteves, Community Insights Group 
Ilse Aucamp, Equispectives Research & Consulting Services 
Daniel M. Franks, Umvers,ty of Queensland 

April 2015 
EXHIBIT 
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Purpose and intended readership

The purpose of this Guidance Note is to 
provide advice to various stakeholders about 
what is expected in good practice social 
impact assessment (SIA) and social impact 
management processes, especially in relation 
to project development. Project development 
refers to dams, mines, oil and gas drilling, 
factories, ports, airports, pipelines, electricity 
transmission corridors, roads, railway lines 
and other infrastructure including large-scale 
agriculture, forestry and aquaculture projects. 
This Guidance Note builds on IAIA’s (2003) 
International Principles for Social Impact 
Assessment. While the International Principles 
outline the overarching understandings of the 
SIA field, including the expected values of the 
profession, this document seeks to provide 
advice on good practice in the undertaking 
and appraisal of SIAs and the adaptive 
management of projects to address the social 
issues. As a statement of good and sometimes 
leading practice, not all the information in this 
document will necessarily be applicable in every 
situation – people utilising this information 
will need to establish for themselves what 
is appropriate in each particular context.

Acknowledgements
Hundreds of people made contributions to the discussions at conferences of the International Association 
for Impact Assessment and elsewhere that have been incorporated into this document. Some people 
deserve special mention because of their particularly significant contribution, including: San-Marie Aucamp, 
James Baines, Hilda Bezuidenhout, Eelco de Groot, Damien Eagling, Gabriela Factor, Cornelia Flora, 
Nora Götzmann, Philippe Hanna, Angelo Imperiale, Deanna Kemp, Ivo Lourenço, Lucy McCombes, 
Behrooz Morvaridi, Ciaran O’Faircheallaigh, Marielle Rowan, Helen Russell, Rauno Sairinen, Arn Sauer, 
Frank Seier, Eddie Smyth, Mike Steyn, Nick Taylor, Lidewij van der Ploeg, Francesca Viliani, and Jorge Villegas.

i

The intended users of this document include: 

•  SIA Practitioners/Consultants who want 
to know how their practice compares 
with international best practice;

•  Project Developers/Proponents (private 
sector or government) to assist them in 
evaluating SIA consultants and in knowing 
what to expect from consultants;

•  Regulatory agencies in terms of judging 
the quality and acceptability of SIA reports 
and in determining what procedures and 
expectations will be;

•  Social specialists in the Multilateral 
Development Banks (MDBs), such as the 
World Bank, the International Finance 
Corporation (IFC), the Asian Development 
Bank (ADB), the African Development Bank 
(AfDB), European Bank of Reconstruction 
and Development (EBRD), the European 
Investment Bank (EIB), and the Inter-
American Development Bank (IDB);

•  Social staff in other financial institutions, 
especially Equator Principles banks;

• Development cooperation agencies;

• Government planning agencies;

• Communities and local peoples;

• Civil society organizations;

•  People responsible for SIA 
regulatory frameworks.

Guidance for assessing and managing the social impacts of projects
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Guidance for assessing and managing the social impacts of projectsii

Reindeer herding brigade number 4, Yar Sale municipal 
farm, South Yamal Peninsula, April 2012, Photo taken by 
Florian Stammler, Arctic Centre, University of Lapland. 
Used with permission

Several times a week, before the journey to the next 
campsite, the families in each brigade of nomadic 
herders round up their reindeer and choose the ones 
they will use to pull the sledges with their household 
items. It is each sledge driver’s responsibility to choose 
the animals they want.

Disclaimer

This document provides general guidance about 
what the International Association for Impact 
Assessment (IAIA) considers to be current good 
practice in social impact assessment at the time of 
publication. It is provided only as a general public 
service to the professional community and does 
not constitute the provision of legal or technical 
advice. Since jurisdictions vary greatly in their laws 
and requirements, practitioners will always need 
to confirm the expectations in any context in which 
they work. Reference to any company or corporation 
in this document does not necessarily constitute 
endorsement or support. IAIA accepts no liability for 
errors or omissions, or for any consequences that 
may come from following this advice.

About the cover photo
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Guidance for assessing and managing the social impacts of projectsiii
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Key points of this guidance document

Social Impact Assessment (SIA) is now conceived as being the process of identifying and managing the social issues 
of project development, and includes the effective engagement of affected communities in participatory processes 
of identification, assessment and management of social impacts. Although SIA is still used as an impact prediction 
mechanism and decision-making tool in regulatory processes to consider the social impacts in advance of a 
permitting or licensing decision, equally important is the role of SIA in contributing to the ongoing management of 
social issues throughout the whole project development cycle, from conception to post-closure. Like all other fields 
of practice (discourses), SIA is a community of practice with its own paradigm of theories, methods, case histories, 
expected understandings and values. What is meant and implied by ‘social impact assessment’ is the understanding 
of it within the SIA paradigm rather than any dictionary interpretation of the words, social, impact, or assessment. 
This paradigm is embodied and articulated in the International Principles for Social Impact Assessment and in this 
guidance document.

SIA arose in the 1970s alongside environmental impact assessment (EIA) and originally attempted to emulate EIA 
as much as possible. Often SIA was done as part of EIA, usually badly. Over time, however, the practice of SIA has 
diverged from EIA because of the growing realisation that social issues fundamentally differ from biophysical issues; 
that the primary task of SIA should be to improve the management of social issues (rather than to only influence go/
no go decisions); and that the effectiveness of SIA in terms of achieving better outcomes for affected communities 
will be maximised by being relevant to the proponents (commercial and public sector developers) who initiate and 
implement projects. Because of the interconnectedness of environmental, social and health issues, it is worthwhile 
to conduct integrated assessments, and ESHIA (environmental, social and health impact assessment) has become 
standard practice in the private sector. However, social impacts start long before project approval is required – 
they start with rumours of a possible project. Managing the social issues (and thus SIA), therefore, needs to start 
as soon as possible after projects are conceived. 

A key difference between SIA and EIA is the increasing focus in SIA on enhancing the benefits of projects to impacted 
communities. Although the need to ensure that the negative impacts are identified and effectively mitigated remains, 
also of value is revising projects and ancillary activities to ensure greater benefits to communities. This is necessary 
for the project to earn its ‘social licence to operate’; and also because attempting to minimise harm (the traditional 
approach in SIA) does not ensure that the project will be considered acceptable by local stakeholders, or that a 
project does not actually cause significant harm. Enhancing benefits covers a range of issues, including: modifying 
project infrastructure to ensure it can also service local community needs; providing social investment funding to 
support local social sustainable development and community visioning processes to establish strategic community 
development plans; a genuine commitment to maximising opportunities for local content (i.e. jobs for local people 
and local procurement) by removing barriers to entry to make it possible for local enterprises to supply goods and 
services; and by providing training and support to local people. Where people are resettled to enable a project to 
proceed, it is essential to ensure that their post-resettlement livelihoods are restored and enhanced.

Important to earning a social licence to operate is to treat communities with respect. Meaningful, transparent 
and ongoing community engagement practices from the earliest stages of any intervention are essential to build 
trust and respect. The key values and principles of SIA are specified in the International Principles for Social Impact 
Assessment. The established principles of SIA include: the objective of SIA and the project should be to contribute 
to the empowerment of vulnerable groups in the community; a gender lens should be applied in all assessments; 
and that respect for human rights should underpin all actions. The rise of the Business and Human Rights discourse, 
especially with the adoption of the United Nations Guiding Principles on Business and Human Rights, means that 
respect for human rights is now a fundamental responsibility of private sector developments. With many social and 
environmental impacts interpretable in terms of human rights, SIA will have increasing traction. Impacted peoples 
are rights-holders with legal entitlements, and SIA can demonstrate its value to companies as a way of reducing their 
risk exposure and assist them in being compliant with international standards and/or good practice as they evolve 
over time. Ideally, SIA and comprehensive ESHIA should address all significant human rights issues associated with 
a project.

 
006816

ADMINISTRATIVE RECORD - Scan 3 - Page 108 of 235

- Page 1990 -



Guidance for assessing and managing the social impacts of projectsv

Some key background concepts relevant to SIA

Although an extensive glossary is provided at the end of this document, here some 
key concepts that are central to understanding the issues involved in the management 
of social impacts are introduced and described. 

Social Licence to Operate refers to the level of acceptance or approval of the activities of an organization by 
its stakeholders, especially local impacted communities. Leading corporations now realize that they need to 
meet more than just the regulatory requirements, they also need to consider, if not meet, the expectations 
of a wide range of stakeholders, including international NGOs and local communities. If they don’t, they risk 
not only reputational harm and the reduced opportunities that might bring, they also risk being subject to 
strikes, protests, blockades, sabotage, legal action and the financial consequences of those actions. In some 
countries, ‘social licence’ has become an established element of the language of business, actively influencing, 
if not driving, the business strategy of many companies, and is part of the governance landscape. For more 
information, refer to: Boutilier, R.G. 2014 Frequently asked questions about the social licence to operate. 
Impact Assessment & Project Appraisal 32(4), 263-272. http://dx.doi.org/10.1080/14615517.2014.941141 

Free, Prior and Informed Consent (FPIC) is a procedural mechanism developed to assist in ensuring the right of 
Indigenous peoples to self-determination. It is a concept that gained status by its inclusion in the 2007 United 
Nations Declaration on the Rights of Indigenous Peoples and the 1989 International Labour Organization’s 
Convention 169. Its legal status varies depending on whether a country has signed one or the other of these 
instruments and has effectively incorporated it into domestic law. ‘Free’ means that there must be no coercion, 
harassment, intimidation or manipulation by companies or governments in order to obtain stakeholder consent, 
and should a community say ‘no’ there must be no retaliation. ‘Prior’ means that consent should be sought 
and received before any activity on community land is commenced and that sufficient time is provided for 
adequate consideration by any affected communities. ‘Informed’ means that there is full disclosure by project 
developers of their plans in a language and format that is acceptable to the affected communities, and that each 
community has enough information and capacity to have a reasonable understanding of what those plans will 
likely mean for them, including of the social impacts they will experience. Although ‘consent’ would normally 
imply that communities should have a real choice, that they can say yes if there is a good flow of benefits and 
development opportunities to them, or they can say no if they are not satisfied with the deal, and that there 
is a workable mechanism for determining whether there is broad-based support in the community as a whole, 
in reality the implementation of FPIC often remains flawed. FPIC, to varying extents, has been adopted as a 
requirement by the IFC and many other international organisations. There is an increasing discussion about 
whether the spirit of FPIC should be used to demonstrate respect for all communities and to earn a social 
licence to operate. For more information, refer to: Buxton, A. & Wilson, E. 2013 FPIC and the Extractive 
Industries: A Guide to applying the Spirit of Free, Prior and Informed Consent in Industrial Projects, London: IIED. 
http://pubs.iied.org/pdfs/16530IIED.pdf 

A human rights-based approach refers to a conceptual and procedural framework directed towards ensuring 
the promotion and protection of human rights in policies, programs, plans and projects. It is the basis of all 
human rights relevant instruments and actions and has been applied in a wide range of contexts (notably 
in health and development cooperation). It seeks to: (1) position human rights and its principles as the core 
element of actions; (2) demand accountability and transparency by duty-bearers towards rights-holders; 
(3) foster empowerment and capacity building of rights-holders to, inter alia, hold duty-bearers to account; 
(4) ensure that the meaningful participation of rights-holders in development processes and planned 
interventions is recognised as an intrinsic right, not simply as best practice; and (5) ensure the non-
discriminatory engagement of rights-holders and the prioritization of especially-vulnerable or marginalized 
individuals or groups (e.g. women, elderly, children and youth, minorities and Indigenous peoples). 
For more information, refer to: http://hrbaportal.org/ 

Human rights due diligence refers to the expectation in the United Nations Guiding Principles on Business 
and Human Rights that companies must carry out a due diligence process in order to ensure that a proposed 
business action, transaction or acquisition has no hidden human rights risks (in other words, risks to people 
and communities, not only risks to the company). Since many social impacts are also human rights impacts, 
affected stakeholders are rights-holders with legal rights. This increases the significance of social impacts and 
the importance of social impact assessment. Social impacts are therefore serious matters that companies must 
address. For more information, refer to: ICMM 2012 Integrating Human Rights Due Diligence into Corporate 
Risk Management Processes. http://www.icmm.com/document/3308
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Non-technical risks relate to the managerial, legal, social and political issues faced by a project, in contrast 
to the technical risks (i.e. the physical, structural, engineering and environmental risks). The technical and 
technocratic focus of many project staff (and their asocietal mentality) means that the technical risks are usually 
fully considered whereas the non-technical risks are under-considered or ignored altogether. Nevertheless, 
because of the protest actions local communities can take, non-technical risks are potentially serious financial 
risks to a project and therefore should be fully considered and addressed. For more information, refer to: 
Davis, R. & Franks, D. 2014 Costs of Company-Community Conflict in the Extractive Sector. 
http://www.hks.harvard.edu/m-rcbg/CSRI/research/Costs%20of%20Conflict_Davis%20%20Franks.pdf 

Social risk has different meanings in different discourses. In the SIA/corporate project discourse, ‘social risk’ is 
a largely similar concept to ‘non-technical risk’ and is the preferred term. The World Bank defines social risk as 
“the possibility that the intervention would create, reinforce or deepen inequity and/or social conflict, or that 
the attitudes and actions of key stakeholders may subvert the achievement of the development objective, or 
that the development objective, or means to achieve it, lack ownership among key stakeholders”. For the Bank, 
social risk is considered to be both risk (threats) to the success of the project, but also risk (social issues) created 
by the project, which in turn become threats to the project. In a corporate setting, social risk can be regarded 
as the business risks (e.g. extra costs) to the company that arise from any social impacts or social issues created 
by the project, such as through unforeseen costs of mitigation, future litigation and/or compensation payouts, 
worker strikes, retaliatory acts of sabotage, and reputational harm. For more information, refer to: Kytle, B. & 
Ruggie, J. 2005 Corporate Social Responsibility as Risk Management: A Model for Multinationals. 
http://www.ksg.harvard.edu/m-rcbg/CSRI/publications/workingpaper_10_kytle_ruggie.pdf 

Impacts & Benefits Agreements (or Community Development Agreements) are negotiated agreements 
between project developers and affected peoples. Although sometimes including governments, these 
agreements typically are between a project developer and the impacted stakeholders, although the impetus 
and content may be influenced by government policy. Agreements normally include statements about the 
likely residual impacts, provisions about how these impacts are to be addressed, the benefits that have been 
promised, and the governance processes that will be used to manage the relationship between the parties. 
For more information, refer to: Gibson, G. & O’Faircheallaigh, C. 2010 IBA Community Toolkit: Negotiation 
and Implementation of Impact and Benefit Agreements. Toronto: Walter & Duncan Gordon Foundation. 
http://www.ibacommunitytoolkit.ca

Sustainable Livelihoods refers to a way of thinking about communities and people in terms of their capabilities, 
and the livelihood resources (assets, capitals) and the livelihood strategies (activities) they undertake to 
make their living and conduct their way of life. A livelihood refers to the way of life of a person or household 
and how they make a living, in particular, how they secure the basic necessities of life, e.g. their food, water, 
shelter and clothing, and live in the community. Livelihoods are interdependent on each other and on the 
biophysical environment. A livelihood is sustainable when it can cope with and recover from stresses and shocks 
(i.e. is resilient) and maintain or enhance its capabilities and assets both now and into the future while not 
undermining the natural resource base. People need a sustainable livelihood in order to survive, and therefore 
all interventions need to consider the impacts on people’s livelihoods. For more information, refer to: Scoones, 
I. 1998 Sustainable Rural Livelihoods: A Framework for Analysis, IDS Working Paper 72. 
http://mobile.opendocs.ids.ac.uk/opendocs/bitstream/handle/123456789/3390/Wp72.pdf 

Shared value is a way of thinking about the role of a company that recognizes that societal needs, not just 
conventional economic needs, define markets, and that the purpose of the corporation must be redefined as 
creating shared value, rather than just profit for its shareholders, so society benefits as well as the company. 
This view also acknowledges that social harms frequently create costs for firms in the form of social risks and 
therefore need to be carefully managed. For more information, refer to: Porter, M. & Kramer, M. 2011 
Creating shared value. Harvard Business Review 89(1-2), 62-77. http://www.fsg.org/Portals/0/Uploads/
Documents/PDF/Creating_Shared_Value.pdf; Hidalgo, C. et al. 2014 Extracting with Purpose. FSG. 
http://www.fsg.org/tabid/191/ArticleId/1184/Default.aspx?srpush=true 

The Equator Principles (EP) is a corporate social responsibility and sustainability framework for the global 
finance industry. More specifically, it is a risk management framework adopted by financial institutions 
(i.e. banks) for determining, assessing and managing environmental and social risk in projects anywhere in the 
world and for all industry sectors. It is primarily intended to provide a minimum standard for due diligence to 
support responsible risk decision-making. Banks that adopt the EP commit to implementing the principles in 
their internal environmental and social policies, procedures, and standards for financing projects and agree 
to “not provide Project Finance or Project-Related Corporate Loans to projects where the client will not, or 
is unable to, comply with the EP”. The banks that subscribe to the EP provide a substantial majority of the 
international project finance in developing countries. Essentially the EP are a set of high level principles; for 
operational guidelines the EP requires compliance with the IFC Performance Standards. For more information, 
refer to: http://www.equator-principles.com and http://www.ifc.org/performancestandards
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Social Impact Assessment is a process of management not a product

The International Principles for Social Impact Assessment defines SIA as being “the processes of analysing, 
monitoring and managing the intended and unintended social consequences, both positive and negative, of planned 
interventions (policies, programs, plans, projects) and any social change processes invoked by those interventions”. 
Although SIA can and has been applied in many different settings, this guidance document addresses the application 
of SIA at the project level, e.g. the planned construction of new infrastructure such as airports, bridges, bypasses, 
dams, highways, mines, pipelines, ports, transmission corridors, windfarms, as well as commercial agriculture and 
agroforestry developments and the creation of nature conservation areas. The planning and construction of these 
projects can cause many social impacts. From early stages, there typically is speculation about the project that can 
affect property prices, and can lead either to an exodus of people, or conversely to the influx of people (known as 
the ‘honeypot effect’). 

Projects can create opportunities and benefits for people, but at the same time they can also create harmful effects. 
Typically, projects are never uniformly good or bad, there is a differential distribution of costs and benefits within 
nearby communities. It is too simplistic to talk in terms of winners and losers, because people can be benefitted and 
harmed at the same time. Good management is needed to ensure that the benefits of projects are maximised and the 
negative impacts are avoided or minimised on an ongoing basis during the life of the project. SIA is a process that can 
greatly assist in ensuring the achievement of benefits and the avoidance of harm. 

Because SIA involves the processes of managing the social impacts of development and contributes to shared value 
by improving outcomes for local communities as well as for the developer (corporate or government), it should be 
undertaken by the project whether it is legally required or not. The amount of effort invested in the SIA to adequately 
identify and manage social impacts should be commensurate with the likely project impacts and risks. Early scoping 
activities should help the practitioner identify the relative scale of effort likely to be required.

Rather than the conventional statement of social impacts somewhat akin to an Environmental Impact Statement, 
a more appropriate document to be produced is a Social Impact Management Plan (SIMP) and related management 
documents, e.g. Community Health & Safety Plan, Resettlement Action Plan, Stakeholder Engagement Plan, 
Local Procurement Plan, which collectively provide an integrated set of actions and procedures to manage the 
social issues created by the project. A SIMP outlines the strategies to be undertaken during each of the phases of 
a project (including post-closure) to monitor, report, evaluate, review and proactively respond to change. Adaptive 
management is an important part of managing social impacts. SIMPs are increasingly being required by governments 
and investors in projects. They are usually developed as an outcome of the preparation of impact statements 
for project approvals and then periodically updated. Ideally, SIMPs should correspond with and/or feed into the 
company’s internal management systems; alternatively, companies could implement a social impact management 
system as part of their overall planning process. 

For more information on Social Impact Assessment as a process of management, refer to: 

Esteves, A.M., Franks, D. & Vanclay, F. 2012 Social impact assessment: The state of the art. Impact Assessment 
& Project Appraisal 30(1), 35-44. http://dx.doi.org/10.1080/14615517.2012.660356 

Franks, D., Fidler, C., Brereton, D., Vanclay, F. & Clark, P. 2009 Leading Practice Strategies for addressing the Social 
Impacts of Resource Developments. St Lucia: Centre for Social Responsibility in Mining, Sustainable Minerals Institute, 
The University of Queensland. http://www.csrm.uq.edu.au/docs/Franks_etal_LeadingPracticeSocialImpacts_2009.pdf

Franks, D. & Vanclay, F. 2013 Social Impact Management Plans: Innovation in corporate and public policy. 
Environmental Impact Assessment Review 43, 40-48. http://dx.doi.org/10.1016/j.eiar.2013.05.004

Vanclay, F. 2003 International Principles for Social Impact Assessment. Impact Assessment & Project Appraisal 
21(1), 5-11. http://dx.doi.org/10.3152/147154603781766491
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Social impacts are everything that affect people

The International Principles for Social Impact Assessment considers that social impacts include all the issues 
associated with a planned intervention (i.e. a project) that affect or concern people, whether directly or indirectly. 
Specifically, a social impact is considered to be something that is experienced or felt in either a perceptual 
(cognitive) or a corporeal (bodily, physical) sense, at any level, for example at the level of an individual person, an 
economic unit (family/household), a social group (circle of friends), a workplace (a company or government agency), 
or by community/society generally. These different levels are affected in different ways by an impact or impact-
causing action. 

Because ‘social impact’ is conceived as being anything linked to a project that affects or concerns any impacted 
stakeholder group, almost anything can potentially be a social impact so long as it is valued by or important to a 
specific group of people. Environmental impacts, for example, can also be social impacts because people depend on 
the environment for their livelihoods and because people may have place attachment to the places where projects 
are being sited. Impacts on people’s health and wellbeing are social impacts. The loss of cultural heritage, important 
habitats or biodiversity can also be social impacts because these are valued by people. SIA therefore should address 
everything that is relevant to people and how they live. This means that SIA cannot start with a checklist of potential 
impacts, but must identify the social impacts from an awareness of the project and an understanding of how the 
project will affect what is important to the project’s stakeholders. Nevertheless, Box 1 gives some sense of what 
social impacts are.

BOX 1: What are social impacts?

Social impacts are changes to one or more of the following:

• people’s way of life – that is, how they live, work, play and interact with one another on a day-to-day basis;

• their culture – that is, their shared beliefs, customs, values and language or dialect;

• their community – its cohesion, stability, character, services and facilities;

•  their political systems – the extent to which people are able to participate in decisions that affect their lives, 
the level of democratisation that is taking place, and the resources provided for this purpose;

•  their environment – the quality of the air and water people use; the availability and quality of the food they 
eat; the level of hazard or risk, dust and noise they are exposed to; the adequacy of sanitation, their physical 
safety, and their access to and control over resources;

•  their health and wellbeing – health is a state of complete physical, mental, social and spiritual wellbeing and 
not merely the absence of disease or infirmity;

•  their personal and property rights – particularly whether people are economically affected, or experience 
personal disadvantage which may include a violation of their civil liberties;

•  their fears and aspirations – their perceptions about their safety, their fears about the future of their 
community, and their aspirations for their future and the future of their children.

Source: Vanclay, F. 2003 International Principles for Social Impact Assessment. Impact Assessment & Project 
Appraisal 21(1), 5-11. http://dx.doi.org/10.3152/147154603781766491

An important conceptual point is the differentiation between a social change process and a social impact. Not all 
change-inducing processes in a community necessarily cause social impacts. For example, a modest increase in 
population is not necessarily a negative social impact. In many circumstances, it may be a benefit leading to economic 
growth and social development. On the other hand, an unplanned, rapid, large increase in population associated with 
a project (influx) can create many social impacts. The issue for SIA is how to ensure that the process of in-migration is 
anticipated, prepared for, and managed adequately to minimize negative impacts and maximize potential benefits.

While SIA is sometimes described as being a social form of environmental impact assessment, there are many 
differences. For example, the environmental impacts tend only to occur when the first sod of soil is turned, whereas 
social impacts can happen the moment there is a rumour that something might happen. Rumour leads to speculation 
and speculative behaviour. In some situations, e.g. a socially-undesirable factory or other locally-unwanted land 
use, rumour may also promulgate and amplify people’s fears and anxieties, whether or not the rumour has any 
foundation, and whether or not the project actually eventuates. Fear and anxiety, like all perceived impacts, are 
real social impacts that people experience, and they should not be dismissed, but should be managed effectively. 
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The extent and effectiveness of the project’s community engagement has a huge bearing on the amount of fear 
and anxiety generated. The extent of social impacts experienced is largely contingent on contextual factors such as 
the genuineness of the engagement mechanisms used, and the extent to which the views of all stakeholders were 
considered and reflected in the various reports and mitigation actions.

Social impacts can also be created by projects that raise false expectations in a community, either by project staff 
inappropriately knowingly promising things that will not eventuate, or inadvertently through the poor management 
of expectations and allowing rumours to escalate expectations. For example, it is important for project developers to 
be realistic about the number and type of jobs likely to be available to local people. Communities can feel ‘ripped-off’ 
when the benefits they anticipated receiving from a project do not eventuate. This contributes to a lack of trust in the 
company and a loss of social licence. 

As discussed later in this document (in Task 10), social impacts are rarely singular cause-effect relationships. There are 
complex patterns of intersecting impact pathways. Health, wellbeing and social outcomes are always multi-factorial. 
For example, physical changes to habitats created by the project can change the ecology of disease organisms, and 
changes to living arrangements and lifestyles can change exposure patterns to vector organisms (such as mosquitoes), 
thus increasing morbidity and perhaps mortality. Changing work patterns (especially with rotating shiftwork and/or 
long rosters) can lead to health effects not only to the worker, but also on the worker’s spouse and children. Sleep 
disorders, depression, alcohol and substance abuse and family violence are all associated with shiftwork. 

Another important understanding is that projects tend to always cause local inflation. This can cause serious ruptures 
between people who work for the project and those who don’t. While project workers are paid wages which typically 
account for the rate of inflation (and contribute to it), other people experience the rising costs without the benefit of 
additional income. Thus, projects invariably increase inequality in a community, which is one reason why it is really 
important for projects to contribute to local social investment initiatives. In boomtown communities, the pull of the 
project may mean that no workers are available for the low paid service jobs. Poaching of staff from other sectors, 
including government, is also a major problem creating a high turnover in staff and a lack of capacity.

For more information on different types of social impacts, refer to: 

Fehr, R., Viliani, F., Nowacki, J. & Martuzzi, M. (eds) 2014 Health in Impact Assessments: Opportunities not to be 
missed, Copenhagen: World Health Organisation Regional Office for Europe. http://www.euro.who.int/health-in-IA

Harris-Roxas, B. et al. 2012 Health Impact Assessment: The state of the art. Impact Assessment and Project Appraisal 
30(1), 43-52, 2012. http://dx.doi.org/10.1080/14615517.2012.666035 

ICMM 2010 Good Practice Guidance on Health Impact Assessment. http://www.icmm.com/document/792 

IFC 2009 Introduction to Health Impact Assessment. Washington, DC: International Finance Corporation. 
http://commdev.org/introduction-health-impact-assessment 

IFC 2009 Projects and People: A Handbook for Addressing Project-Induced In-migration. Washington, DC: 
International Finance Corporation. http://commdev.org/files/2545_file_Influx.pdf

Petkova, V. et al. 2009 Mining developments and social impacts on communities: Bowen Basin case studies. 
Rural Society 19(3), 211-228. http://dx.doi.org/10.5172/rsj.19.3.211

Vanclay, F. 2002 Conceptualising social impacts. Environmental Impact Assessment Review 22(3), 183-211. 
http://dx.doi.org/10.1016/S0195-9255(01)00105-6

Vanclay, F. 2012 The potential application of Social Impact Assessment in integrated coastal zone management. 
Ocean & Coastal Management 68, 149-156. http://dx.doi.org/10.1016/j.ocecoaman.2012.05.016

Vanclay, F. (ed.) 2014 Developments in Social Impact Assessment. Cheltenham: Edward Elgar.
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Social Impact Assessment & Management and Social Performance

Social Impact Assessment (SIA) arose alongside Environmental Impact Assessment (EIA) in the early 1970s primarily 
as a regulatory tool. Over time, there has been a steady evolution in how SIA is practiced. As interest in SIA grew, 
a professional community of SIA practitioners developed, forming a discourse around SIA. Like all professional 
fields of practice, the understanding of the topic has evolved within that discourse. The most important change 
that has occurred is increasing awareness that addressing the social impacts requires the active management of 
social issues from the very beginning of a project long before regulatory approval is needed. Another important 
change is the increasing realisation all round that communities don’t want to have project impacts thrust on 
them, they want to be active partners in co-development and they want to benefit from private sector projects. 
Shared value is therefore an important consideration. A further realisation is that the regulators and monitoring 
authorities of today are not just government agencies, but include local and global NGOs (especially watchdog 
NGOs), international industry associations, the finance and insurance industries, and project-affected communities 
themselves. While national legislation remains important, it is the international industry associations (e.g. ICMM, 
IPIECA, International Hydropower Association) and financial institutions (IFC, Equator Principles banks) that 
now take the lead role in setting standards. Projects that do not meet these international standards may not be 
successful in gaining project financing or insurance. Projects that do not meet international expectations may be 
subjected to protest actions, and may face legal challenges and other activist pressure. All this means that projects 
have to gain and maintain their (social) licence to operate from many stakeholders, each with differing and not 
necessarily complementary interests, rather than from a singular government regulatory agency. 

This change in the discourse and practice of SIA has meant that SIA is now seen in much broader terms than just 
being the identification of a set of social impacts and the submission of a document to gain regulatory approval. 
SIA now covers a wide variety of tasks (see below) associated with the interaction between a company/project 
and its local communities. In the corporate world, this full set of activities is often called social performance, to 
separate it from the specific task of gaining regulatory approval. 

The management of the social issues of projects and therefore the full span of work of SIA practitioners potentially 
includes the following activities. Note, however, that these tasks are not all done at the same time and what a 
specific SIA practitioner should do in a specific case will depend on the particular context.

•  Undertake an ex-ante assessment of likely social impacts

•  Liaise with the EIA team (and any other assessment teams) to ensure that the social aspects of 
environmental and biodiversity impacts and the environmental and biodiversity impacts of 
social changes are considered in the impact assessments and management plans 

•  Compile a community profile (i.e. a description of the local social context)

•  Construct a social baseline relevant for decision-making and documenting social changes 
(i.e. collect data for key social variables to document the pre-impact state)

•  Identify and implement changes to the project and undertake other actions to mitigate social impacts 

•  Plan the resettlement and/or compensation for people who will experience economic displacement 
in instances where there is no alternative

•  Prepare a Resettlement Policy Framework, Resettlement Action Plan, Livelihood Restoration and 
Enhancement Plan and ensure that these are integrated into the project development plans and timeframes

•  Undertake human rights due diligence and human rights impact assessments, involving human rights 
experts as necessary

•  Identify ways of enhancing the benefits of the project

•  Identify stakeholders, and map their interests, relationships, and potential two-way project-stakeholder impacts

•  Facilitate genuine community engagement processes consistent with the spirit of free, prior and informed consent

•  Where Indigenous communities are involved, assist in processes to comply with formal Free, Prior and Informed 
Consent requirements 

•  Assist affected communities in understanding what the likely social impacts of a proposed project might 
mean for them

•  Enhance local content and local procurement arrangements

• Monitor social issues

• Design and implement social investment actions
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• Establish appropriate compensation mechanisms

• Design and implement grievance mechanisms

• Negotiate Impacts & Benefits Agreements

• Develop Social Impact Management Plans

• Prepare documentation for a regulatory authority

•  Identify issues and/or obligations for addressing the management of social impacts to be 
included in contracts with project subcontractors

•  Prepare performance standard compliance documentation for a financial institution 
(World Bank, IFC, another multilateral development bank, or an Equator Principles bank)

•  Undertake a due diligence assessment or audit of social performance for a community, 
NGO or for a  financial institution

• Assist in closure planning. 

SIA (or at least social performance), in the form of the management of social issues, thus covers a very 
wide-ranging set of activities and is applicable to the whole of project life. In actual practice, the tasks of 
managing the social issues are undertaken by a wide range of people. Therefore, responsibility for thinking 
about and managing social issues needs to be a core part of the corporate culture and the workplace culture 
of projects, and just like safety, should be everyone’s business. Nevertheless, there needs to be a project 
person with responsibility for social performance. Many of the social performance tasks are outsourced to 
consultants, such as SIA practitioners. Each particular consultancy contract is unlikely to require addressing all 
the tasks implied above or that are addressed in this document. However, this document does provide guidance 
on addressing the social issues at all phases of the project. Different parts of the document will be relevant to 
different people at different times.

For more information on the components of SIA, see the rest of this document and also refer to: 

Esteves, A.M., Franks, D. & Vanclay, F. 2012 Social impact assessment: The state of the art. Impact Assessment 
& Project Appraisal 30(1), 35-44. http://dx.doi.org/10.1080/14615517.2012.660356 

Esteves, A.M. & Vanclay, F. 2009 Social Development Needs Analysis as a tool for SIA to guide corporate-
community investment: Applications in the minerals industry. Environmental Impact Assessment Review 29(2), 
137-145. http://dx.doi.org/10.1016/j.eiar.2008.08.004

Franks, D. & Vanclay, F. 2013 Social Impact Management Plans: Innovation in corporate and public policy. 
Environmental Impact Assessment Review 43, 40-48. http://dx.doi.org/10.1016/j.eiar.2013.05.004
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Social Impact Assessment is relevant to all project phases

SIA is the process of managing the social issues of projects. It adjusts to the varying social concerns and issues at 
different points in the project cycle. Figure 1 depicts a typical project cycle and identifies the potential role for SIA at 
each phase. The important point is that at each project phase, there is a role for SIA. While the project cycle is usually 
depicted as a linear process, the reality is not so straight forward. Projects do not necessarily transition smoothly 
from phase to phase, and may become stalled at a certain phase, or may be sent back to earlier stage. 

Who commissions, who uses, and who does Social Impact Assessments?

SIA can be used by a wide range of stakeholders for a wide range of purposes. In the conventional (EIA) model, 
although the exact procedure varied by jurisdictional setting, typically regulatory agencies required proponents to 
commission private consultancy firms to produce an SIA/EIA report which had to meet regulatory agency stipulations, 
and sometimes a formal peer review process. Typically there would be a public comment period, with the consultant 
having to respond to the public comments. Various NGOs might take legal action if there was a view that the report 
was substandard. This regulatory model was not very effective because it was resented by proponents and often 
not taken seriously, was too late in the project planning process to influence the project, and because of the lack 
of follow-up by regulatory agencies in relation to any permitting conditions. SIA has been far more effective in 
influencing project design and enhancing outcomes for communities when it has been a key part of the proponent’s 
planning and risk management processes. Even though most SIA consultants are advocates for communities, there 
is still an evident power imbalance between the proponent and the community. One model that can be applied in 
contexts with low trust between the proponent and the community is for the proponent to provide funding to the 
host communities so that they can commission their own impact assessment consultants. The community-based SIA 
would assist in informing the community. Arguably this model would support a negotiation process that was meant to 
be consistent with the spirit of free, prior and informed consent.

Ongoing stakeholder engagement 
and reporting back in forms appropriate 
and understandable to the stakeholders 
are expected at all phases

•  Concept review
•  Social and political issues and risks scoping
•  Manage social issues

• Select best option
•  Terms of Reference for SIA
• Assessment, mitigation & enhancement
•  Manage social issues

•  Options appraisal
• Baseline studies and scoping of social impacts
•  Manage social issues 

•  Social Impact Management Plan
•  Approvals process
•  Optimise solutions
•  Contractor Social Performance Management

• Mitigation
•  Impact management
•  Monitoring & Audit

•  Mitigation
•  Management
•  Monitoring & Audit

•  SIA of closure options

Identification/ 
Exploration

Conceptual

Pre-feasibility

Feasibility & 
Planning

Construction

Operations

Closure

Figure 1: SIA can be applied at all phases of the project cycle
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The phases and tasks of Social Impact Assessment 

There are many different ways of depicting the tasks involved in an SIA process. Some show SIA as being closely 
related to EIA, others depict SIA as being similar to a social version of an environmental management system by 
highlighting the iterative nature of the process and seeing it as a process of continuous improvement. Here, the SIA 
process is depicted as comprising four phases (see Figure 2) that are somewhat sequential, but which also overlap. 
Through data collection and analysis, SIA is a learning process, and consequently initial assumptions and preliminary 
understandings may need to be modified in the light of new information, so there needs to be an iterative process 
of validation and update informed by an on-going process of consultation with project proponents and other 
stakeholders, especially from impacted communities. 

Good practice SIA essentially involves undertaking all the tasks listed in Box 2. These tasks are presented in 
approximately chronological order, but it should be noted that they inform each other, and as information is 
accumulated in the SIA, decisions made earlier in the process about the scope, area or influence, and stakeholders 
may need to be re-assessed as new information becomes discovered. It is thus an iterative process. The list of tasks 
comprising SIA are presented here, and are discussed in detail later in this document.

Figure 2: The phases of social impact assessment

•  Understand proposed 
project

•  Clarify roles & 
responsibilities

•  Social area of influence

•  Community profiling

•  Inform communities

•  Inclusive participatory 
processes

•  Scope issues

•  Assemble baseline data• Mitigation
•  Impact management
•  Monitoring & Audit

•  Indicators to 
monitor change

•  Participatory 
monitoring plan

•  Implement adaptive 
management

•  Evaluation & 
periodic review

Design and implement 
monitoring programs

•  Address negative 
impacts

•  Enhance benefits 
& opportunities

•  Support communities 
with change

•  Establish a grievance 
mechanism

•  Negotiate Impacts & 
Benefits Agreement 
(IBA)

•  Develop Social Impact 
Management Plan 
(SIMP)

•  Establish partnerships 
to implement SIMP

•  Implement ongoing 
social performance 
plans

Develop and implement stratagies

•  Social changes & 
impacts

•  Indirect impacts

•  Cumulative impacts

•  Affected party 
responses

•  Significance of changes

•  Project alternatives

Predict, analyse and assess the likely impact pathways

Understand the issues
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BOX 2: The 26 tasks that comprise social impact assessment

Phase 1: Understand the issues 

1.  Gain a good understanding of the proposed 
project, including all ancillary activities 
necessary to support the project’s 
development and operation.

2.  Clarify the responsibilities and roles of all 
involved in or associated with the SIA, including 
relationships to the other specialist studies being 
undertaken, and establish what national laws 
and/or international guidelines and standards are 
to be observed. 

3.  Identify the preliminary ‘social area of 
influence’ of the project, likely impacted and 
beneficiary communities (nearby and distant), 
and stakeholders.

4.  Gain a good understanding of the communities 
likely to be affected by the project by preparing 
a Community Profile which includes: (a) a 
thorough stakeholder analysis; (b) a discussion 
of the socio-political setting; (c) an assessment 
of the differing needs, interests, values and 
aspirations of the various subgroups of the 
affected communities including a gender analysis; 
(d) an assessment of their impact history, i.e. their 
experience of past projects and other historical 
events; (e) a discussion of trends happening in 
those communities; (f) a discussion of the assets, 
strengths and weaknesses of the communities; 
and (g) optionally the results of an opinion survey. 
This task is typically called profiling.

5.  Fully inform community members about: 
(a) the project; (b) similar projects elsewhere 
to give them a sense of how they are likely to 
be affected; (c) how they can be involved in the 
SIA; (d) their procedural rights in the regulatory 
and social performance framework for the 
project; and (e) their access to grievance and 
feedback mechanisms.

6.  Devise inclusive participatory processes and 
deliberative spaces to help community members: 
(a) understand how they will be impacted; 
(b) determine the acceptability of likely impacts 
and proposed benefits; (c) make informed 
decisions about the project; (d) facilitate 
community visioning about desired futures; 
(e) contribute to mitigation and monitoring plans; 
and (f) prepare for change.

7.  Identify the social and human rights issues that 
have potential to be of concern (i.e. scoping).

8.  Collate relevant baseline data for key social issues.

Phase 2: Predict, analyse and assess the likely 
impact pathways

9.  Through analysis, determine the social changes 
and impacts that will likely result from the project 
and its various alternatives.

10.  Carefully consider the indirect (or second and 
higher order) impacts.

11.  Consider how the project will contribute to the 
cumulative impacts being experienced by the 
host communities.

12.  Determine how the various affected groups 
and communities will likely respond.

13.  Establish the significance of the predicted 
changes (i.e. prioritise them). 

14.  Actively contribute to the design and evaluation 
of project alternatives, including no go and 
other options.

Phase 3: Develop and implement strategies

15.  Identify ways of addressing potential negative 
impacts (by using the mitigation hierarchy).

16.  Develop and implement ways of enhancing 
benefits and project-related opportunities.

17.  Develop strategies to support communities in 
coping with change.

18.  Develop and implement appropriate feedback 
and grievance mechanisms.

19.  Facilitate an agreement-making process between 
the communities and the developer leading to the 
drafting of an Impacts & Benefits Agreement (IBA).

20.  Assist the proponent in facilitating stakeholder 
input and drafting a Social Impact Management 
Plan (SIMP) which puts into operation the 
benefits, mitigation measures, monitoring 
arrangements and governance arrangements that 
were agreed to in the IBA, as well as plans for 
dealing with any ongoing unanticipated issues as 
they may arise.

21.  Put processes in place to enable proponents, 
government authorities and civil society 
stakeholders to implement the arrangements 
implied in the SIMP and IBA, and develop and 
embed their own respective management 
action plans in their own organizations, establish 
respective roles and responsibilities throughout 
the implementation of those action plans, and 
maintain an ongoing role in monitoring.

22.  Assist the proponent in developing and 
implementing ongoing social performance plans that 
address contractor obligations implied in the SIMP.

Phase 4: Design and implement 
monitoring programs 

23. Develop indicators to monitor change over time.

24. Develop a participatory monitoring plan.

25.  Consider how adaptive management will be 
implemented and consider implementing a social 
management system.

26.  Undertake evaluation and periodic review (audit).
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9 Guidance for assessing and managing the social impacts of projects

 Doing Social Impact Assessment is good business and good for business

While the goal of SIA is to ensure better development outcomes for people and communities, this will be best 
achieved when companies and other actors see the benefits to themselves of embracing SIA. Thus, to achieve the 
objectives of SIA, both of minimising harm and maximising benefits to the affected communities, whether SIA is 
legally required or not, SIA will need to be aligned with (and influence) corporate processes and time scheduling, 
and companies will need to see the value of SIA if they are to be fully committed to doing SIA properly and implement 
recommended mitigation and enhancement strategies in good faith.

Even though in certain jurisdictions SIA may be a legal requirement, the moral or normative argument is that 
communities expect companies to do proper SIA and therefore SIA is part of the social responsibility obligations 
of companies – doing SIA is the right thing to do! However, while this argument has certain altruistic justification, 
it does not necessarily convince those corporates who believe their duty is to maximise returns to their shareholders 
while remaining within the law. Similarly, the more self-interested argument that doing SIA properly is necessary for 
companies to earn their social licence to operate does not necessarily fully convince corporate executives either, 
because in this way of thinking, SIA is seen only as cost/outlay that is needed to obtain social approval and permission. 
As a cost, attempts will always be made to reduce expenditure especially because there is no perceived or easily-
substantiable direct connection between the cost of SIA and its return in the form of social approval. In contrast, 
we argue that doing SIA properly should not be seen as a cost but an investment in risk management. It will reduce a 
company’s likely future expenditures by identifying potential issues and thereby reduce likely future costs in the form 
of litigation, delays to approval, costs in the form of managing protest actions or addressing violence against staff 
and/or property, and business losses from reputational harm. Reducing risk also leads to reduced costs of capital and 
hence increases shareholder value. 

SIA has the potential to identify local knowledge that could guide project siting decisions and reduce cost to 
companies that comes from poor siting decisions. While much information can be gained from technical surveys and 
model predictions, they are no substitutes for the lived experiences of local people. Having the positive support of 
local communities can greatly assist project development.

SIA can assist in the establishment of a local employment and supply base. Having capable employees and suppliers 
close to projects reduces the costs of transport, logistics, and inventory and reduces supply chain inefficiencies. 
Supporting the development of thriving and healthy communities that are attractive places to live and work increases 
the attraction and retention of quality employees. In addition, demands for increased social investment and higher 
taxes on the sector might be reduced if communities and governments believe that companies are making a valuable 
contribution to their communities. Thus there are many reasons why doing SIA properly makes good business sense. 
SIA adds value to all business drivers (see Figure 3).

For more information on the benefits to business of doing social impact assessment, refer to:

Davis, R. & Franks, D.M. 2014 Costs of Company-Community Conflict in the Extractive Sector. Corporate Social 
Responsibility Initiative Report, John F. Kennedy School of Government, Harvard University, Cambridge, MA.  
http://www.hks.harvard.edu/m-rcbg/CSRI/research/Costs%20of%20Conflict_Davis%20%20Franks.pdf 

Franks, D.M., Davis, R., Bebbington, A.J., Ali, S.H., Kemp, D., Scurrah, M. 2014 Conflict translates environmental and 
social risk into business costs, Proceedings of the National Academy of Sciences 111(21), 7576-7581.  
http://www.pnas.org/cgi/doi/10.1073/pnas.1405135111 

IFC 2010 Strategic Community Investment: A Good Practice Handbook for Companies Doing Business in Emerging 
Markets. Washington, DC: International Finance Corporation. http://www.ifc.org/wps/wcm/connect/f1c0538048865
842b50ef76a6515bb18/12014complete-web.pdf?MOD=AJPERES

Sohn, J. (ed.) 2007 Development without Conflict: The Business Case for Community Consent. Washington, DC: World 
Resources Institute. http://www.wri.org/publication/development-without-conflict 

SociaLicense.com 2014 website http://www.socialicense.com
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Figure 3: Schematic representation of the business value drivers to which SIA adds value

Figure 4: Community Capitals

Source: Cornelia Butler, North Central Regional Center for Rural Development (used with permission).
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The goal of all projects should be sustainable social development

Where companies, especially foreign multi-national corporations, are granted a legal permit to operate within a 
country, they also need to seek and maintain a social licence to operate. To gain a social licence they need to make 
a positive contribution to the country and, more importantly, to the local communities in which they operate 
above and beyond any taxes and royalties they might be required to pay. Their entitlement to access profit-making 
opportunities comes from the opportunities companies provide and the investments they make that contribute to 
social development in the host country and in their local communities. In return, they are seen as trusted, socially-
responsible companies, and as ‘developer of choice’, which brings reputational benefits and access to markets 
elsewhere – very much part of the shared value proposition.

To gain and maintain a genuine social licence requires that the project think about its contribution to social 
development. Social development means more than just providing a few jobs and providing funding for a new 
school building or swimming pool, it requires that the project partner with the local communities in being a force 
for positive social change and beneficial social development. Social development should be a participatory process 
of planned social change designed to improve the wellbeing of the community as a whole and especially of the 
vulnerable, disadvantaged or marginalised groups within a region. Rather than being about benefits to individuals 
per se, social development is more about facilitating change in institutions and society to reduce social exclusion 
and fragmentation, to promote social inclusion and democratisation, and to build capacity in institutions and 
governance. Social development looks beyond problems and deficiencies to focus on increasing the capabilities of 
people and institutions and how they can be strengthened. However, companies should be clear and targeted in their 
interventions to ensure that they do not absorb or usurp the role and responsibilities of local authorities.

Social investment refers to the financial and in-kind contributions a project makes to the local community for social 
development. Ideally these resources should not be wasted on non-sustainable, impractical wishlist items, but should 
contribute to the achievement of social development outcomes. This implies that there should be an assessment 
process used to select and prioritise social investment options. The term, strategic social investment, is used when, 
in addition to supporting social development outcomes for the local community, there is a clear business case to the 
company in making the funds available. Contributing to training programs that build the skills of the local workforce 
so that they can supply labour or services to the project is a clear example of shared value.

The social development goals that will be appropriate will vary with the particular context of application. Identifying 
these goals should be a participatory process led by the community. In general terms, the United Nations Sustainable 
Development Goals (see Figure 5) would be worthwhile matters to consider. Identifying and assessing possible 
options for social investment also requires thinking about the strengths and weaknesses within local communities. A 
commonly-used framework to assist is the ‘community capitals approach’ (sometimes known as the pyramid model), 
which underpins the Sustainable Livelihoods Approach (and its variants) (see Box 3 and Figure 4). The Sustainable 
Livelihoods Approach considers the capabilities, livelihood resources (assets, capitals) and livelihood strategies 
(activities) people undertake to make their living and conduct their way of life. At the heart of the model is the notion 
that all community resources or assets can be represented as a set of capitals. The assessment of social investment 
strategies can consider these capitals and how strengthening one or more of these capitals might increase the overall 
wellbeing in the community.
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Figure 5: Sustainable Development Goals

Source: United Nations Sustainable Development Goals website, https://sustainabledevelopment.un.org/
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BOX 3: Types of capital or asset

Note: There are multiple forms of capital (assets, resources) and many different ways of grouping and defining 
them. What is included should depend on the context of application. The individual capitals are meant to be 
metaphors and used generically rather than being strictly defined and interpreted narrowly. The concept of the 
capitals can be applied at different levels of analysis – it can be used to apply to an individual, to a household, 
a local community, or region. The capitals approach was originally developed in terms of understanding the 
livelihood strategies of individuals living in impoverished rural communities in developing countries. It has now 
been applied in a wide range of situations. 

Natural capital: includes the stocks and flows of environmentally-provided assets (i.e. ecosystem services) such 
as food and agricultural resources, forest resources, mineral reserves, soil, water, wetlands and fish stocks. 

Physical capital (also known as produced, manufactured or built capital): comprises the stock of equipment, 
physical plant (e.g. factories), infrastructure (e.g. roads, airports, hospitals, schools), and other productive 
resources owned by individuals, the business sector, or the country itself, as well as the management systems 
needed to make them work.

Financial capital: the financial resources available to people, such as their savings and access to credit. 
It also notes any debts or mortgage they may have.

Human capital: includes the levels of knowledge and skill, formal education, health and nutrition of individuals, 
as well as their motivation and aptitude.

Social capital: sometimes simply defined as only social networks and trust, it also includes the social rules, 
norms, obligations, and reciprocity arrangements embedded in social relations, social structures, and the 
society’s institutional arrangements.

Political or Institutional capital: refers to the existence and effective functioning (i.e. capacity) of the society’s 
governance mechanisms – to the governance institutions themselves and to the standards, rules, regulations 
they apply and their enforcement. 

Cultural and Spiritual capital: includes the way people know the world and their place within the world, as 
well as how they act within it. It also refers to the extent to which the local culture, traditions and language, etc 
promote or hinder wellbeing, social inclusion and social development. Spiritual capital assists in maintaining a 
balance across the different capitals and in remaining in touch with deeply-held values and the things that give 
meaning to life. Cultural capital influences what voices are heard and listened to, which voices have influence in 
what areas, and how creativity, innovation and influence emerge and are nurtured. 

For more information on social development and social investments, refer to:

Community Toolbox online resource: http://ctb.ku.edu/en/table-of-contents 

Emery, M. & Flora, C.B. 2006 Spiraling-up: Mapping community transformation with community capitals framework, 
Community Development: Journal of the Community Development Society 37(1), 19-35.  
http://dx.doi.org/10.1080/15575330609490152 

Esteves, A.M. & Vanclay, F. 2009 Social Development Needs Analysis as a tool for SIA to guide corporate-community 
investment: Applications in the minerals industry. Environmental Impact Assessment Review 29(2), 137-145.  
http://dx.doi.org/10.1016/j.eiar.2008.08.004 

Flora, C.B. et al. (no date) Community Capitals: A Tool for Evaluating Strategic Interventions and Projects. Ames: North 
Central Regional Center for Rural Development, University of Iowa.  
http://wp.aae.wisc.edu/ced/wp-content/uploads/sites/3/2014/01/204.2-Handout-Community-Capitals.pdf

Hallam, A. 2012 Scottish Government Investment in Rural Community Development: A Community Capitals Approach. 
Edinburgh: Scottish Government. http://www.scotland.gov.uk/Resource/0038/00389818.pdf 

ICMM 2012 Community Development Toolkit http://www.icmm.com/community-development-toolkit 

IFC 2010 Strategic Community Investment: A Good Practice Handbook for Companies Doing Business in Emerging 
Markets. Washington, DC: International Finance Corporation.  
http://www.ifc.org/wps/wcm/connect/f1c0538048865842b50ef76a6515bb18/12014complete-web.pdf?MOD=AJPERES

Midgley, J. 2014 Social Development: Theory and Practice. Los Angeles: Sage. 

Owen, J. & Kemp, K. Community development in mining assets, capitals, and resources: Frameworks for corporate 
community development in mining. Business & Society 51(3), 382-408. http://dx.doi.org/10.1177/0007650312446803
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Human rights need to be considered

Human rights are defined by the United Nations as being “universal legal guarantees protecting individuals and groups 
against actions which interfere with fundamental freedoms and human dignity”. They seek to guarantee people’s basic 
needs. The universality principle means that they apply to all people by virtue of being human. Non-discrimination is a 
central theme in the human rights discourse. This includes recognising that specific groups of rights-holders, especially 
vulnerable people, women, children, Indigenous peoples, and other marginalised groups, require special attention to 
be able to enjoy their human rights. Human rights are regarded as being interrelated, inalienable and indivisible, and all 
human rights are regarded as being equal in status, and all must be observed.

With the adoption of the United Nations Guiding Principles on Business and Human Rights (UNGP) in 2011, 
the corporate responsibility to respect human rights was confirmed. This responsibility requires that companies 
exercise due diligence to identify and address any adverse human rights impacts with which they are involved. Due 
diligence is a process by which companies can ‘know and show’ their respect for human rights. It includes: (1) having 
a human rights policy commitment in place; (2) assessing impacts on human rights; (3) integrating the findings of the 
assessment process into corporate management systems, monitoring and tracking performance; and (4) reporting 
and communicating about the due diligence measures implemented and their effectiveness in identifying and 
addressing impacts. Importantly, the adverse impacts that companies are expected to identify and address include 
not only impacts that the company causes or contributes to, but also impacts that are directly linked to a project’s 
operations, products or services through its business relationships. This means that companies must not be complicit 
in human rights abuses by business-related third parties, and where they become aware of human rights impacts of 
these third parties, they must exercise leverage or influence to prevent or minimize those impacts. This should be 
considered as being part of the corporate risk identification and management process. Companies are also expected, 
as part of human rights due diligence, to put in place or collaborate in appropriate avenues for access to remedy for 
any human rights abuses with which they are involved. At the project level, this includes having in place a community 
grievance mechanism that can effectively address any grievances that are raised by community members. A process 
of continuous improvement in the way companies manage their human rights impacts is also expected.

Principle 12 of the UNGP outlines the minimum standard for human rights observance: “The responsibility of business 
enterprises to respect human rights refers to internationally recognized human rights – understood, at a minimum, 
as those expressed in the International Bill of Human Rights and the principles concerning fundamental rights set 
out in the International Labour Organization’s Declaration on Fundamental Principles and Rights at Work”. The four 
principles in the International Labor Organization’s (ILO) Declaration of Fundamental Principles and Rights at Work 
(ILO 1998, online) are: (a) freedom of association and the effective recognition of the right to collective bargaining; 
(b) the elimination of all forms of forced or compulsory labour; (c) the effective abolition of child labour; and (d) the 
elimination of discrimination in respect of employment and occupation. The UNGP states that businesses may need to 
consider additional standards, depending on host and home state circumstances. 

Many social impacts can be understood in human rights terms. This includes recognising project-affected individuals 
and communities as human rights-holders with legal entitlements, including the right of legal redress for impacts on 
their human rights. Thus when a project creates social impacts, it may also be in breach of its responsibility to respect 
human rights. This gives extra importance to social impacts, and increases the importance of social impact assessment.

Owen, J. & Kemp, K. 2012 Community development in mining assets, capitals, and resources: Frameworks for corporate 
community development in mining. Business & Society 51(3), 382-408. http://dx.doi.org/10.1177/0007650312446803

Pawar, M. & Cox, D. (eds) 2010 Social Development: Critical Themes and Perspectives. New York: Routledge.

Porritt, J. 2005 Capitalism as if the World Matters. London: Earthscan.

Scoones, I. 1998 Sustainable Rural Livelihoods: A Framework for Analysis, IDS Working Paper 72. 
http://mobile.opendocs.ids.ac.uk/opendocs/bitstream/handle/123456789/3390/Wp72.pdf

Wang, C. 2012 A Guide for Local Benefit Sharing in Hydropower Projects. Washington, DC: World Bank. 
https://openknowledge.worldbank.org/handle/10986/18366 

World Bank 2010 Mining Foundations, Trusts and Funds: A Sourcebook. Washington, DC: World Bank. 
http://siteresources.worldbank.org/EXTOGMC/Resources/Sourcebook_Full_Report.pdf
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The UNGP emphasise the need for companies to provide effective remedy to victims of human rights impacts 
connected to the company’s activities or operations. Access to remedy is a right in itself guaranteed in the 
International Covenant on Civil and Political Rights. While potential and actual victims should always be able to have 
access to legal proceedings, project-level grievance mechanisms can also have an important role to play in the early 
identification of grievances, avoiding escalation and providing effective solutions. 

It is important to realise that rights-holders are supposed to be able to claim their rights. This means that they 
must be informed about their rights, and know what avenues of redress are available to them. Ensuring that 
human rights are upheld and that people know and can claim their rights are primarily the duties of government. 
However, companies can have a role to play in contributing to rights-awareness of their neighbouring communities.

There are differences between a human rights-based approach (HRBA), human rights impact assessment (HRIA), 
and social impact assessment; and it is the case that in the past, SIA tended not to consider human rights issues 
in a systematic way. However, with the adoption of the UNGP in 2011, human rights are now part of the suite of 
international standards applicable to business, therefore best practice SIA should now fully consider human rights 
issues in all circumstances except where a separate HRIA is being undertaken. To accommodate this inclusion, 
the skillset of SIA practitioners will need to be expanded to cover all areas relevant to human rights, including 
labour rights, child labour, forced labour and freedom of association. 

For more information on human rights, refer to: 

United Nations 2011 Guiding Principles on Business and Human Rights. 
 http://www.ohchr.org/Documents/Publications/GuidingPrinciplesBusinessHR_EN.pdf

United Nations 2012 The Corporate Responsibility to Respect Human Rights: An Interpretive Guide.  
http://www.ohchr.org/Documents/Publications/HR.PUB.12.2_En.pdf 

DIHR & IPIECA 2013 Integrating human rights into environmental, social and health impact assessments: 
A practical guide for the oil and gas industry.  
http://www.ipieca.org/sites/default/files/publications/Integrating_HR_into_environmental_social_and_HIS_0.pdf

European Commission 2013 Oil and Gas Sector Guide on Implementing the UN Guiding Principles on Business and 
Human Rights. http://ec.europa.eu/enterprise/policies/sustainable-business/files/csr-sme/csr-oag-hr-business_en.pdf 

Götzmann, N. 2014 Human rights and impact assessment: Conceptual and practical considerations in the private 
sector context. Copenhagen: Danish Institute for Human Rights.  
http://www.humanrights.dk/publications/human-rights-impact-assessment 

International Business Leaders Forum & IFC 2011 Guide to Human Rights Impact Assessment and Management 
(HRIAM). http://www.ifc.org/hriam 

Kemp, D. & Vanclay, F. 2013 Human rights and impact assessment: clarifying the connections in practice. 
Impact Assessment & Project Appraisal 31(2), 86-96. http://dx.doi.org/10.1080/14615517.2013.782978

Rio Tinto 2013 Why Human Rights Matter  
http://www.riotinto.com/documents/ReportsPublications/Rio_Tinto_human_rights_guide_-_English_version.pdf 

Shift and Mazars 2015 UN Guiding Principles Reporting Framework with Implementation Guidance.  
http://www.ungpreporting.org/ 

Taylor, M., Zandvliet, L. & Forouhar, M. 2009 Due Diligence for Human Rights: A Risk-Based Approach. Corporate 
Social Responsibility Initiative Working Paper No. 53. Cambridge, MA: John F. Kennedy School of Government, 
Harvard University. http://www.hks.harvard.edu/m-rcbg/CSRI/publications/workingpaper_53_taylor_etal.pdf
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Indigenous, Traditional, Tribal and other land-connected peoples 
should be acknowledged and given specific attention

The term ‘Indigenous peoples’ is widely used as a generic term around the world, even though it is difficult to define 
and even though some Indigenous groups and other stakeholders (especially in certain regional contexts) prefer 
a range of largely equivalent terms such as: tribal groups, first peoples, first nations, Aboriginal peoples, ethnic 
minorities, adivasi, traditional peoples; or occupational and geographical terms such as hunter-gatherers, fishing 
communities, reindeer herders, nomads, peasants, hill people; or official designations such as scheduled tribes. In 
some countries, notably many African nations, there is strong opposition to the concept of ‘Indigenous’ because of its 
colonial implications. In other countries, especially in Central and South America, definitional issues are made more 
complex by the existence of Maroons, the descendants of slaves who have established separate communities and 
over time have developed a unique culture and identity. Further complexities are added by ethnogenesis – a concept 
that refers to the emergence of groups of people who claim a separate sociocultural heritage differentiated from 
the broader society in situations where they were not previously recognized. These and other complexities make it 
difficult to settle on a singular term and define it precisely in a way that makes it universally applicable. Nevertheless, 
regardless of the specific term used, in around 90 countries of the world there are peoples who have a cultural 
identity separate to the dominant culture in those countries and who typically have a strong attachment to the 
land. The United Nations estimates that there are over 370 million such individuals around the world, speaking over 
4,000 languages. For the sake of convenience, in this document (and as in most international documents) they are 
generically called ‘Indigenous peoples’, although more specific terms are used in particular situations. 

Although grouped under one overarching term, there is considerable diversity amongst Indigenous peoples, 
not only in language and culture, but also in fundamental beliefs, governance structures, cosmologies, ways of living, 
and livelihoods. Nevertheless, Indigenous peoples typically have several (but not necessarily all) of the  
following characteristics:

•  an individual self-identification as an Indigenous person (or at least as a member of a specific cultural grouping) 
and acceptance of this claim by other people who also so identify;

• a strong link to land, territories and related natural resources;

• distinctive social, economic and/or political systems;

• a distinct culture (or at least a set of values and beliefs), and possibly a unique language;

• comprise a social grouping that is not part of the dominant groups within the society in which they live;

•  a resolve to maintain and reproduce their ancestral environments and systems as distinctive peoples  
and communities. 

Because of their special ties to the land, Indigenous peoples are typically very vulnerable to activities that impact the 
lands and natural resources on which they depend and/or to which they are culturally attached. Indigenous peoples 
are over-represented amongst the world’s poor and have lower positions on most health and wellbeing indicators. 
There are two key international agreements pertaining to Indigenous peoples: the International Labour Organization’s 
1989 Convention concerning Indigenous and Tribal Peoples in Independent Countries (C169); and the 2007 United 
Nations Declaration on the Rights of Indigenous Peoples. These documents emphasise that Indigenous peoples are 
entitled to the same basic human rights as all other peoples of the world, however, because of Indigenous peoples’ 
special connection to the land and their vulnerability, they deserve special consideration to ensure their rights 
are respected. These documents also refer to the notion of collective rights. While most human rights accrue to 
individuals by virtue of their being human, collective rights are intended to protect those characteristics of Indigenous 
peoples that can only arise from being a member of a group. These collective rights typically ensure that Indigenous 
peoples can maintain their cultures, exercise their right of self-determination, and survive as distinct social and 
cultural groups. The collective right of self-determination provides that Indigenous peoples can freely determine 
their political status and freely pursue their economic, social and cultural development. A related right is that they 
have the right to live in freedom, peace and security as a distinct group and not be subjected to any action that seeks 
to, or could, obliterate their identity as a distinct cultural group. 

An important concept in these two documents is that of ‘free, prior and informed consent’ (FPIC). FPIC is a principle 
that embodies respect for the right to self-determination of Indigenous peoples and provides a process to ensure 
effective recognition, respect and protection of that right. In essence, it is a principle about respectful engagement 
with communities. Although FPIC first arose in the Indigenous rights discourse, some commentators suggest it is an 
appropriate principle to apply to engagement with all communities, especially if projects are to gain a social licence 
to operate. Free means that there must be no coercion, intimidation, harassment or manipulation by companies or 
governments, and that should a community say ‘no’ there must be no retaliation or threat of retaliation. 
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17 Guidance for assessing and managing the social impacts of projects

Prior means that consent should be sought and received before any activity on community land is commenced and 
that sufficient time is provided for adequate consideration by any affected communities. Informed means that there 
must be full disclosure by project developers of their plans in a language and format acceptable to the affected 
communities, and that each community is able to have a reasonable understanding of what those plans will likely 
mean for them, including of the social impacts they will experience if the project proceeds. Capacity building, and 
the time taken for such capacity building may be necessary to ensure that the informed criterion is met. Consent 
means that communities have a real choice, that they can say yes if there is a good flow of benefits and development 
opportunities to them, or they can say no if they are not satisfied with the deal, and that there is a workable 
mechanism for determining whether there is widespread consent in the community as a whole and not just a small 
elite group within the community.

While the spirit of FPIC is a worthy philosophy of respect, its implementation in law and practice raises challenges for 
projects, communities and government stakeholders alike, specifically in terms of how consent can be established. 
The IFC emphasises that unanimous consent is not required, only that there needs to be “broad community support”. 
Also, perhaps in contradiction to common sense understandings, consent tends not to be interpreted as having 
the power of veto. Some international organisations consider that consent is an objective of FPIC rather than an 
absolute requirement. Despite the legal semantics of FPIC, treating communities with respect should entail according 
communities (Indigenous and otherwise) the ability to exercise the spirit of FPIC and to have the ability to say no to a 
proposed project. It can hardly be regarded as a fair and balanced discussion if one party enters negotiation having no 
intention of respecting the other party’s right to say no, and in most cases having a legal right of compulsory acquisition. 

Treating Indigenous peoples with respect would imply observance of the following points:

•  Acknowledging their existence and recognising their rights as Indigenous persons, even where this is not 
recognised in national law;

• Fully observing the spirit of free, prior and informed consent, including respecting their ability to say no;

•  Appointing an Indigenous Liaison Officer and creating an ongoing engagement mechanism for interacting 
with Indigenous peoples that is appropriate in the particular cultural context;

• Ensuring equal opportunities and non-discrimination in the workplace; 

•  Promoting cultural sensitivity amongst all company and contractor staff and embedding a culture of  
cultural sensitivity;

•  Accommodating cultural needs by, for example, being flexible in how staffing arrangements are implemented to 
ensure that all staff and local peoples can maintain their cultural and religious traditions;

•  Promoting the acceptance of, and celebrating the different cultures of local peoples and amongst company staff 
and contractors;

• Respecting traditional livelihoods and enabling co-existence;

•  Respecting the tangible and intangible cultural heritage of Indigenous peoples, including sacred sites, and having a 
proactive approach to identifying and protecting them;

• Respecting and championing the legal and customary land-rights of Indigenous peoples (see Box 4);

•  Acknowledging the existence of customary law and recognizing and incorporating traditional justice into 
community grievance mechanisms and elsewhere, as appropriate;

•  Developing local content arrangements in such a way that local Indigenous peoples are able to have a chance at 
being a supplier of workforce, goods and services to the project, and assisting them in doing so;

•  Accepting traditional knowledge and cosmologies alongside western science and including traditional knowledge 
considerations in impact assessments and other scientific reports;

• Protecting and respecting Indigenous Intellectual Property;

•  Paying appropriate royalties and/or rent to Indigenous traditional owners of lands and resources that are being 
utilised by the project;

•  Developing or selecting indicators of health and wellbeing that represent the values, interests and worldviews of 
the particular Indigenous group(s) affected by the project when designing baselines and monitoring programs;

•  Treating Indigenous peoples as true partners rather than as mere stakeholders, and informing and involving 
them in all decisions and processes that may affect their rights or interests, just as one would treat any other 
business partner.
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Respect for Indigenous peoples means doing things with them, not for them. There is no place for patronising 
behaviour or attitudes. An engagement based on a philosophy of co-learning and co-management is appropriate to 
ensure their rights and interests are fully considered in the assessment of impacts, development of mitigation and 
enhancement measures and social investment programs, and that their free, prior and informed consent is gained 
before any action is undertaken whether for the project, for their benefit, or at their behest. Indigenous decision 
making is often on a consensual basis, or at least on the basis of providing an opportunity for all people to contribute. 
Therefore, sufficient time must be provided to allow such processes to take place in their own time without 
duress or unreasonable time pressure. While a notion of empowerment of vulnerable groups is widely prevalent 
in development circles and in SIA (e.g. in the International Principles for Social Impact Assessment), the way this is 
actually effected needs to be done cautiously, so as not to be patronising. In addition, care must be taken to ensure 
that empowerment processes do not exacerbate or lead to inequality within a group, or to other divisions or conflict.

One dimension of respect for Indigenous peoples is acknowledgement of the past harm they have experienced 
from colonialism, recent history, and even from previous projects. Saying sorry for that harm is not necessarily an 
admission of guilt or culpability, and can go a long way to demonstrating respect and understanding (see Box 5).

BOX 4: Example of benefit creation for Indigenous Peoples

A major pipeline project in South America was committed to the recognition of Indigenous peoples, respect for 
their rights, and in making them beneficiaries of the project even though they would be only temporarily impacted 
by the project. As a voluntary action, the project developers established a land titling program that enabled the 
local Indigenous peoples along the pipeline route to secure formal legal title to their lands (something they did 
not have before). In addition, funds were provided at the national level to facilitate the consolidation of native 
territories, and to support land claims.

BOX 5: Example of demonstrating respect towards Indigenous peoples: 
a ‘Welcome to Country’ ritual

In Australia, most public meetings begin with an acknowledgement of Indigenous rights in the form of a ‘Welcome 
to Country’ ceremony. In this ceremony, a local Aboriginal elder (or Traditional Owner) or their representative 
is asked to officiate at the opening of the meeting and to welcome the visitors (i.e. any person that is not a local 
Indigenous person) to their land. This may be done with ceremonial activities such as didgeridoo playing, singing 
and dancing (corroboree), and sometimes with a smoking ceremony to expel the evil spirits. Protocol demands 
that the official visitors who speak after the initial welcome to country would each respond to the welcome by 
acknowledging Indigenous rights and sometimes past harm by saying words such as: 

  I begin by paying my respects to the traditional owners of this land on which we are meeting, both past 
and present, and especially to any elders present here today; by acknowledging the struggle that occurred for 
us to now share this land, by saying sorry for that struggle, and by appreciating the contribution that Aboriginal 
Australians can make to our society and culture.

When circumstances are such that no Indigenous persons can be present to give the welcome, protocol requires 
that this acknowledgement be stated as a form of request to enter the country and thus is also a form of Welcome 
to Country. The exact wording used can vary depending on the purpose of the meeting, and it is considered polite 
to use the Aboriginal placename and/or the name of the tribal group in the statement of acknowledgement.

18 Guidance for assessing and managing the social impacts of projects

 
006837

ADMINISTRATIVE RECORD - Scan 3 - Page 129 of 235

- Page 2011 -



19 Guidance for assessing and managing the social impacts of projects

For more information on Indigenous peoples and FPIC, refer to:

African Commission on Human and Peoples’ Rights, and the International Work Group for Indigenous Affairs 2006 
Indigenous Peoples in Africa: The Forgotten Peoples?  
http://www.achpr.org/files/special-mechanisms/indigenous-populations/achpr_wgip_report_summary_version_eng.pdf 

Buxton, A. & Wilson, E. 2013 FPIC and the Extractive Industries: A Guide to applying the Spirit of Free, Prior and 
Informed Consent in Industrial Projects. London: IIED. http://pubs.iied.org/pdfs/16530IIED.pdf 

Charters, C. & Stavenhagen, R. 2009 Making the Declaration Work: The United Nations Declaration on the Rights 
of Indigenous Peoples. Copenhagen: International Work Group for Indigenous Affairs.  
http://www.iwgia.org/iwgia_files_publications_files/making_the_declaration_work.pdf 

Convention on Biological Diversity 2004 Akwe :́ kon – Voluntary guidelines for the conduct of cultural, environmental 
and social impact assessment regarding developments proposed to take place on, or which are likely to impact on, 
sacred sites and on lands and waters traditionally occupied or used by Indigenous and local communities. Montreal: 
Secretariat of the Convention on Biological Diversity. https://www.cbd.int/doc/publications/akwe-brochure-en.pdf 

Doyle, C. & Whitmore, A. 2014 Indigenous Peoples and the Extractive Sector: Towards a Rights-Respecting 
Engagement. Baguio: Tebtebba, PIPLinks and Middlesex University.  
http://www.piplinks.org/system/files/IPs-and-the-Extractive-Sector-Towards-a-Rights-Respecting-Engagement.pdf 

Hanna, P. & Vanclay, F. 2013 Human rights, Indigenous peoples and the concept of Free, Prior and Informed Consent. 
Impact Assessment & Project Appraisal 31(2), 146-157. http://dx.doi.org/10.1080/14615517.2013.780373

Hill, C., Lillywhite, S. & Simon, M. 2010 Guide to Free Prior and Informed Consent, Carlton: Oxfam Australia.

ICMM 2013 Position Statement, Indigenous Peoples and Mining. http://www.icmm.com/document/5433 

ICMM 2010 Good Practice Guide Indigenous Peoples and Mining. http://www.icmm.com/document/1221 

IFC 2012 Guidance Note 7 Indigenous Peoples. http://www.ifc.org/wps/wcm/
connect/50eed180498009f9a89bfa336b93d75f/Updated_GN7-2012 pdf?MOD=AJPERES 

International Labour Organization 2009 Indigenous & Tribal Peoples’ Rights in Practice: A Guide to ILO Convention No. 
169. http://www.ilo.org/newyork/publications/WCMS_106474/lang--en/index.htm 

Lehr, A. & Smith, G. 2010 Implementing a Corporate Free, Prior, and Informed Consent Policy: Benefits and 
Challenges, Boston: Foley Hoag. http://www.foleyhoag.com/publications/ebooks-and-white-papers/2010/may/
implementing-a-corporate-free-prior-and-informed-consent-policy 

Owen, J. & Kemp, D. 2014 Free, Prior and Informed Consent, social complexity and the mining industry. Resources 
Policy 41, 91-100. http://dx.doi.org/10.1016/j.resourpol.2014.03.006 

United Nations 2009 Declaration on the Rights of Indigenous Peoples.  
http://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf

United Nations Department of Economic and Social Affairs 2009 State of the World’s Indigenous Peoples. UN 
Document ST/ESA/328. http://www.un.org/esa/socdev/unpfii/documents/SOWIP_web.pdf 

United Nations Global Compact 2013 A Business Reference Guide United Nations Declaration on the Rights of 
Indigenous Peoples. http://www.unglobalcompact.org/Issues/human_rights/indigenous_peoples_rights.html 

United Nations Office of the High Commissioner for Human Rights 2013 Indigenous People and the United Nations 
Human Rights System, Fact Sheet No.9 (rev 2) http://www.ohchr.org/Documents/Publications/fs9Rev.2.pdf 

Whitmore, A. 2012 Pitfalls and Pipelines: Indigenous Peoples and Extractive Industries. Baguio City Philippines: 
Tebtebba Foundation. http://www.iwgia.org/iwgia_files_publications_files/0596_Pitfalls_and_Pipelines_-_
Indigenous_Peoples_and_Extractive_Industries.pdf 
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Social Impact Assessment is not the same as Public Participation

Involving affected peoples and other stakeholders in the analysis of impacts and in the planning of mitigation and 
benefit strategies is essential. It is also highly desirable for the project to gain a social licence to operate. Traditional 
top-down approaches to decision making – often known as DAD (‘decide, announce, defend’) or even DEAD 
(‘decide, educate, announce and defend’) – are no longer acceptable in most societies and were seldom effective 
or sustainable. Instead, new participatory philosophies are heralded, sometimes called MUM (‘meet, understand, 
modify’) or POP (‘public owns project’). In many jurisdictions, being able to participate is a legal entitlement, and 
there is a widely regarded ‘right to participation’ that is established in many international agreements (e.g. the 
1998 Aarhus Convention on Access to Information, Public Participation in Decision-Making and Access to Justice 
in Environmental Matters). That “people have a right to be involved in the decision making about the planned 
interventions that will affect their lives” is a core value of the SIA profession as outlined in the International 
Principles for Social Impact Assessment. 

SIA and public participation are not synonymous. SIA is a research and analytical process which intends to influence 
decision making and the management of the social issues. In order to do this effectively, it necessarily requires 
genuine community engagement – i.e. meaningful interaction and good faith dialogue, with interested parties 
having a real ability to influence the management of social issues. On the other hand, statutory public participation 
procedures are typically requirements to inform the public and allow them to have a say about a planned 
intervention. Unfortunately, in most mandated procedures, too often this say is disregarded by decision-makers, 
the process itself is seldom satisfying to most participants, and the so-called participatory process rarely does more 
than attempt to legitimate pre-determined outcomes or conform with regulatory requirements in a perfunctory, 
box-ticking manner. Such misappropriation of ‘participation’ is not only deceitful, it could have repercussions for 
current and future interventions as local peoples are likely to become disillusioned and cynical about the process 
and the project. In situations where it is perceived that decisions have already been made and the project is being 
pushed through, local people may consider that their participation is pointless and their energy will be better invested 
in protest actions against the project rather than in participating in a seemingly flawed and/or unjust assessment 
process. Therefore, project managers need to have a genuine commitment to meaningful engagement, not so much 
to meet any legal requirements, but to respect local communities and provide co-learning opportunities that arrive 
at useful outcomes and deliver shared value.

Effective participatory methods and participatory approaches provide many benefits, including: 

(1)  they provide a better understanding of the local values, knowledges and experiences of the different 
stakeholder groups;

(2) they provide an opportunity to validate data;

(3)  they help the impacted communities understand the planned intervention and its implications, and thus 
assist them in planning for the change and to more easily adapt to and cope with the likely changes;

(4) they can help resolve conflicts over resource use;

(5) they help enhance the design of the project;

(6)  they help win community support for project objectives and for implementation (i.e. a social licence to operate) 
thus avoiding protest action against the project.

The terms, public involvement, public participation, and community engagement, are essentially synonyms. 
Much more than simple consultation, informing the public, or extracting information from them, these concepts 
– public involvement, public participation and community engagement (hereafter collectively called ‘community 
engagement’) – refer to approaches that encompass a democratic philosophy about the rights of people in a 
community to be involved in decision making about matters that will likely affect their lives, as well as to a range of 
practices, methods and tools about how to effectively engage the public. There is also an underlying philosophy about 
empowerment and social inclusion, particularly of vulnerable and/or minority groups.

An important aspect of community engagement is the potential for deliberation and deliberative outcomes, and 
for collaborative learning and collaborative governance. Deliberation and deliberativeness are multidimensional 
concepts that can be defined as dialogue intended to induce deep reflection (i.e. serious consideration) of options 
and possibilities in an open and inclusive way (i.e. without the intrusion of power or politics), and that considers the 
concerns of all stakeholders. Deliberative methods are important because they enable people to think through the 
issues and thereby come to a more robust and potentially different conclusion than they would have otherwise.
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There are many reasons for using deliberative and empowering techniques, primarily that they lead to decisions 
that have greater legitimacy. However, there is also a downside: they can be more costly (at least in the short term) 
and more time consuming, and if not deemed necessary by the intended participants will be avoided by them. 
Respondent burden (the amount of ask of a community to participate) and respondent fatigue (when participants 
become over-consulted and lose interest) are issues that need to be recognised and managed. These issues are more 
likely to occur when people feel there is little value being accorded to their contribution, or when they feel there is 
little prospect their contributions will make a difference. It is therefore necessary to carefully design the engagement 
process to align with the expectations of stakeholders and with the significance of the issue. It will also be necessary 
to be flexible to cater for the changing interests of the various stakeholders. Interests and willingness to be engaged 
frequently vary over time depending on the way events unfold.

Participation and community engagement practices are frequently presented as a spectrum or continuum organized 
according to an increasing amount of public say and/or deliberativeness (see Box 6). Because of respondent burden 
and respondent fatigue, the idea is to use the techniques appropriate to the situation. The more intensive deliberation 
techniques are good to use when appropriate, but should not be used all the time. In cases where a project has a 
strong social licence to operate, informing and consulting techniques may be adequate in some situations.

Source: International Association for Public Participation (http://www.iap2.org) (reproduced with permission)

BOX 6: Example of a community engagement continuum

IAP2’s Public Participation Spectrum

The IAP2 Federation has developed the Spectrum to help groups define 
the public’s role in any public participation process. The IAP2 Spectrum is 
quickly becoming an international standard.

Inform Consult Involve Collaborate Empower

To provide the public 
with balance and 
objective information 
to assist them in 
understanding the 
problem, alternatives, 
opportunities 
and/or solutions. 

To obtain public 
feedback on 
analysis alternatives 
and/or decisions.

To work directly with 
the public throughout 
the process to ensure 
that public concerns 
and aspirations 
are consistently 
understood 
and considered.

To partner with 
the public in each 
aspect of the 
decision including 
the development of 
alternatives and the 
identification of the 
preferred solution.

To place final 
decision making 
in the hands of 
the public.

We will keep 
you informed.

We will keep you 
informed, listen to and 
acknowledge concerns 
and aspirations, and 
provide feedback 
on how public input 
influenced the 
decision. We will seek 
your feedback on 
drafts and proposals.

We will work with 
you to ensure that 
your concerns and 
aspirations are directly 
reflected in the 
alternatives developed 
and provide feedback 
on how public input 
influenced the 
decision.

We will work 
together with you to 
formulate solutions 
and incorporate 
your advice and 
recommendations 
into the decisions 
to maximum 
extent possible.

We will implement 
what you decide.
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Increasing Impact in the Decision

© IAP2 International Federation 2014. All rights reserved.
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It is sometimes argued that there should be payments made to participants (sitting fees) both to demonstrate that 
their contributions are valued, but also to ensure that a wider range of people can participate than would otherwise 
be the case. While sitting fees are sometimes a good idea, this can create perverse incentives. It is perhaps more 
important to ensure that people ‘can hear that they have been heard’ by having good feedback mechanisms that fully 
report and respectfully respond to the comments collected. 

Encouraging people to participate can nevertheless be difficult. In many countries there is not a culture of 
participation, either because it is not part of the social culture, and sometimes because it has not been part of the 
political culture. In some regions which have had, or currently have, repressive regimes, promoting effective and 
meaningful participation may be particularly difficult. In these situations, no matter how good the intentions of the 
SIA practitioner, it may be hard to convince local people that there will not be ramifications to them as a result of the 
things they say about a proposed or actual project. This would be especially true if it was thought that the project was 
endorsed by the government, and/or if they thought that the SIA practitioner was a representative of the government. 

Where serious divisions exist in a community, group-based processes may be required in the collection of information 
so that there is no suspicion that secrets were being told. In other situations, the unstructured interviewing of local 
residents may be best as a way of developing a full awareness of the experience of life in the community.

In some countries and for some planned interventions, difficulties relating to participation include the possible lack 
of familiarity affected peoples may have with the proposed activity. For example, what do high voltage transmission 
corridors mean to people who do not know what electricity is? What would a nuclear reactor mean? This is not an 
insurmountable difficulty, however, and there are ways of conveying some impression of the nature of the impacts 
that might be anticipated. However, it does imply that the participation process will take time, and may call for 
creative thinking. In all cases, it is essential to ensure that the form of participation used is relevant to local cultural 
values. Participation means more than soliciting the views of a few select people, and then ignoring them. In good SIA 
practice, participation means actively involving interested and affected peoples in decision-making processes that are 
meaningful to them. 

For more information on community engagement, refer to:

Aslin, H.J. & Brown, V.A. 2004 Towards Whole of Community Engagement: A Practical Toolkit, Murray-Darling Basin 
Commission, Canberra. http://www.mdba.gov.au/sites/default/files/archived/mdbc-S-E-reports/1831_towards_
whole_of_community_engagement_toolkit.pdf

Australian Government 2006 Community Engagement and Development: Leading Practice Sustainable Development 
Program for the Mining Industry, Canberra: Department of Industry, Tourism and Resources.  
http://www.minerals.org.au/file_upload/files/resources/enduring_value/CED.pdf

Creighton, J. 2005 The Public Participation Handbook: Making Better Decisions through Citizen Involvement,  
San Francisco: Jossey-Bass.

Dare, M., Schirmer, J. & Vanclay, F. 2011 Handbook for Operational Community Engagement within Australian 
Plantation Forest Management, Hobart: Cooperative Research Centre for Forestry. 
 http://www.crcforestry.com.au/publications/downloads/CRCForestry-CE-FINAL.pdf

Flemish Institute for Science and Technology Assessment (viWTA) 2005 Participatory Methods Toolkit. A Practitioner’s 
Manual, Brussels: Flemish Institute for Science and Technology Assessment (in conjunction with King Baudouin 
Foundation) available at: http://www.kbs-frb.be/publication.aspx?id=294864&langtype=1033

Government of Victoria, Department of Sustainability and Environment 2005 Effective Engagement: Building 
Relationships with Community and Other Stakeholders (3 volumes). Melbourne: Victorian Government Department of 
Sustainability and Environment.  
http://www.dse.vic.gov.au/effective-engagement/resources/download-effective-engagement

Gramberger, M. 2001 Citizens as Partners: OECD Handbook on Information, Consultation and Public Participation in 
Policy-Making, Paris: Organisation for Economic Co-Operation and Development.  
http://internationalbudget.org/wp-content/uploads/Citizens-as-Partners-OECD-Handbook.pdf 

Hartz-Karp, J. & Pope, J. 2011 “Enhancing effectiveness through deliberative democracy”, in Vanclay, F. & Esteves, 
A.M. (eds) New Directions in Social Impact Assessment: Conceptual and Methodological Advances, Cheltenham: 
Edward Elgar, 253-272.

IAP2 2006. Public Participation Toolbox. Louisville, CO: International Association for Public Participation.  
http://www.iap2.org/associations/4748/files/06Dec_Toolbox.pdf 
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IFC 2007 Stakeholder Engagement: A Good Practice Handbook for Companies Doing Business in Emerging Markets. 
Washington: International Finance Corporation.  
http://www.ifc.org/wps/wcm/connect/938f1a0048855805beacfe6a6515bb18/IFC_StakeholderEngagement.pdf 

International Association for Impact Assessment 2006 Public Participation: International Best Practice Principles, 
Fargo: IAIA. http://www.iaia.org/publicdocuments/special-publications/SP4%20web.pdf 

O’Faircheallaigh, C. 2010 Public participation and environmental impact assessment: Purposes, implications, and 
lessons for public policy making. Environmental Impact Assessment Review, 30(1), 19-27.  
http://dx.doi.org/10.1016/j.eiar.2009.05.001 

Rietbergen-McCracken, J. & Narayan, D. (eds) 1998 Participation and Social Assessment: Tools and Techniques, 
Washington: World Bank. http://go.worldbank.org/HTTUVW2C60

Sarkissian, W. 2008 Kitchen Table Sustainability: Practical Recipes for Community Engagement with Sustainability. 
London: Earthscan.

Sarkissian, W., Hurford, D. & Wenman, C. 2010 Creative Community Planning: Transformative Engagement Methods 
for Working at the Edge. London: Earthscan.

Stakeholder Research Associates 2005 The Stakeholder Engagement Manual: From Words to Action. Cobourg Ontario 
Canada: Stakeholder Research Associates (for United Nations Environment Program and AccountAbility).  
Volume 1: http://www.accountability.org/images/content/2/0/207.pdf  
Volume 2: http://www.accountability.org/images/content/2/0/208.pdf 

United Nations Economic Commission for Europe 1998 Convention on Access to Information, Public Participation in 
Decision-making and Access to Justice in Environmental Matters (Aarhus Convention).  
http://www.unece.org/fileadmin/DAM/env/pp/documents/cep43e.pdf 

United Nations Economic Commission for Europe 2014 The Aarhus Convention: An Implementation Guide (2nd edn). 
http://www.unece.org/fileadmin/DAM/env/pp/Publications/Aarhus_Implementation_Guide_interactive_eng.pdf
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Displacement and resettlement are a major cause of harm to 
impacted communities and a major risk to projects 

Large projects typically displace people and disrupt their livelihoods. The large areas of land needed for the project 
site as well as for ancillary services – including land for worker accommodation, offices and for roads, pipelines, 
railway lines, electricity transmission corridors, water supply dams, etc – can lead to the need to resettle hundreds if 
not thousands of people. Being displaced and/or resettled can be a very traumatic experience for people, disrupting 
their sense of place, their livelihoods, their social networks and community connectedness. Resettlement is a major 
cause of human rights risks for companies. However, where projects are genuinely committed to a shared value 
proposition, the emotional distress from physical and economic displacement can be minimised and many livelihood 
benefits can be created when resettlement processes are effectively implemented. 

Because displacement/resettlement is such a major social impact and human rights risk and is typically very costly for 
projects, it should be avoided wherever possible. Project alternatives that reduce the number of people who need 
to be resettled should be fully explored. Unfortunately, the costs and time taken to do resettlement are typically 
underestimated, leading to project delays and cost over-runs. Because resettlement is a major task in itself and 
such an impact, resettlement can be regarded as being a project within a project. Just like the project itself, the 
act of resettlement is a planned intervention that creates social impacts and therefore is a process that needs to 
be managed carefully and planned and conducted in a participatory way. Resettlement should be regarded both as 
an impoverishment risk, as well as an opportunity for development especially when all feasible opportunities for 
livelihoods enhancement and local content are fully explored. 

Resettlement is the planned process of relocating people and communities from one location to another as part of 
the project-induced land acquisition necessary to allow a project to proceed. The resettlement process is intended to 
fully re-establish people in well-functioning communities and with appropriate sustainable livelihoods. There should 
be full and fair compensation for lost assets and any distress or inconvenience caused. Resettlement is regarded 
as being involuntary when the project site is fixed and the company has recourse to the power of eminent domain, 
and local communities have, in effect, no choice but to be resettled. Resettlement is regarded as voluntary when no 
state power of eminent domain is used, threatened, or perceived to be threatened, and local people do have a legal 
right to refuse to sell their land, but instead actively choose to be resettled in return for fair compensation and other 
livelihood benefits. 

Physical displacement refers to the loss of housing resulting from project-related acquisition of land and/or 
restrictions on landuse that require the affected persons to move to another location. Economic displacement refers 
to situations where people’s houses are not directly affected but where there is a loss of other assets or access to 
assets (e.g. agricultural land) that will result in a disruption of livelihoods and associated loss of income. 

Any project that will cause physical or economic displacement must provide appropriate compensation, meaning 
that they must provide adequate solutions aimed at ensuring the improvement, or at least re-establishment, of living 
conditions and livelihoods. Where physical displacement occurs, there must be a formal resettlement process. With 
economic displacement, a formal resettlement process might not be necessary so long as there is a fair process of 
compensation and livelihood replacement and enhancement. In addition to the obligation to provide compensation 
and support for livelihood restoration and enhancement, projects are expected to provide benefits to affected 
communities. The social impacts on host communities (the communities which will host the people being resettled) 
also need to be considered, and there needs to be risk management and benefits to host communities as well 
as to the relocated peoples. Compensation should be understood not only cash compensation, but as the set of 
interventions, including social assistance, training, etc, which are aimed at ensuring that the project-affected person 
improves, or at least, restores his or her living conditions and livelihood. 

Large projects, when approved by the national regulatory agencies, tend to be regarded as being in the national 
interest and the government’s power of eminent domain (expropriation or compulsory acquisition) is frequently 
invoked or at least available to be used to bring the project to fruition. Consequently, most countries have national 
legislation regarding the use of expropriation and the entitlements of people who have to be resettled. In addition to 
these national requirements, there are international standards that should also be met, and may be required if there 
is funding from the World Bank, the IFC, or another MDB or aid agency, or an Equator Principles financial institution. 
Complying with these international standards and doing resettlement effectively may well reduce overall costs and 
risks to the project. They include:

• World Bank: OP 4.12 Involuntary Resettlement, http://go.worldbank.org/96LQB2JT50 

•  IFC: Performance Standard 5 Land Acquisition and Involuntary Resettlement, http://www.ifc.org/wps/wcm/
connect/3d82c70049a79073b82cfaa8c6a8312a/PS5_English_2012.pdf?MOD=AJPERES
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•  Equator Principles: http://www.equator-principles.com/ (in effect, the Equator Principles require observance of IFC PS5).

• Other multilateral or bilateral development banks and bilateral aid agencies may have their own requirements. 

These international standards tend to have similar procedures and expectations. Very early in the life of a project, 
a Resettlement Policy Framework (RPF) should be developed that outlines the project’s policy and general procedures 
about how land acquisition, resettlement, compensation and livelihood restoration and enhancement will be 
undertaken. This needs to be done early so that no false promises are made or implied to people in the early stages 
of the project, such as in land surveying or geological exploration, or even by the SIA consultants. Later, a Resettlement 
Action Plan (RAP) needs to be developed that fully details the operational process of enacting the resettlement. 
To avoid speculative or opportunistic behaviour by local people and to manage in-migration, an inventory of houses, 
other buildings and all assets should be undertaken as soon as practical. There should be a firm Cut-off Date after 
which no additional structures or other assets become eligible for compensation. By having good communication with 
affected communities and a fair resettlement and compensation process, there will likely be widespread approval of 
the cut-off deadline. Because resettlement is a project within a project, there needs to be a high level of coordination 
between resettlement activities and the rest of the project. Activities in the resettlement process need to cross-link 
with the project-level Social Impact Management Plan and other project plans such as the Community Health & Safety 
Plan, the Community Development Plan, the Stakeholder Engagement Plan, the Local Employment and Procurement 
Plan, and any Health Plan. In a large-scale resettlement, potentially there might be separate plans for the resettlement 
process as distinct from the project as a whole. In any event, a Livelihood Restoration & Enhancement Plan (LRP or 
LREP) will be required, usually as part of the RAP. The resettlement process should not be considered to be complete 
until all adverse impacts of resettlement have been addressed. A Completion Audit should be undertaken by an 
independent external party to assess whether all impacts have been addressed, how the standard of living of resettled 
individuals compares to their previous situation, whether they have remaining grievances, whether international 
standards and national legislation has been observed, and whether all provisions within the RAP and LRP have 
been met. The Completion Audit should only be undertaken once all mitigation measures have been substantially 
completed and once displaced persons are deemed to have been provided adequate opportunity and assistance to 
sustainably restore their livelihoods. This will necessarily be several years after being resettled, and not straight after 
the relocation. For resettlement to be sustainable, the company must be able to responsibly exit at some point in time. 
It is very important, therefore, to plan for exit during the development of the RAP in the same way that preparation 
for closure is done at the commencement of the project. The Exit Plan should be agreed with the community and 
approved by the regulatory authority. In addition, the capacity (in human and financial terms) of local governments to 
take over the management of resettlement towns is critical to the long-term improvement of livelihoods. Building this 
capacity within government should therefore be part of exit planning.

In general terms, the international standards expect that, wherever possible, each project will:

• avoid or minimise displacement by exploring alternative project designs;

• avoid forced eviction by using negotiated agreements;

• anticipate and minimize adverse social, economic and human rights impacts;

•  provide appropriate disclosure of information, and allow for the informed participation of those affected 
(arguably to the level expected by free, prior and informed consent);

•  ensure that women’s perspectives are obtained and that their interests are factored into all aspects of 
resettlement planning and implementation;

• apply compensation procedures in a transparent and consistent way to all communities and persons;

• provide compensation for loss of assets at replacement cost; 

•  avoid paying compensation in cash, at least to vulnerable people, i.e. pay compensation in kind to avoid that the 
compensation will be squandered;

•  observe the principle of ‘land for land’ – where the livelihoods of displaced persons are land-based or where land 
is collectively owned, the project is to provide compensation in the form of replacement land;

• improve the livelihoods and standards of living of displaced persons;

•  identify individuals and groups who might be disproportionately impacted due to their disadvantaged or vulnerable 
status, and put measures in place to ensure they have access to development benefits and opportunities;

•  improve the living conditions of physically displaced persons by providing adequate and improved housing with 
security of tenure at resettlement sites;
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•  provide a choice of options to affected individuals and consult with communities over community assets  
and resources;

• provide opportunities to displaced communities and persons to derive development benefits from the project;

•  provide transitional support for a reasonable period of the time to enable people to restore their income-earning 
capacity, production levels, and standards of living;

• take every effort to ensure that people will not be double-resettled;

• establish effective grievance mechanisms as early as possible in the project development;

•  establish procedures to monitor and evaluate the implementation of a Resettlement Action Plan and Livelihood 
Restoration Plan and take corrective action as necessary.

One of the most controversial and complex aspects of resettlement relates to compensation. Where people are 
physically displaced, project proponents are required to resettle them by providing replacement housing and assist 
them in restoring and enhancing their livelihoods. Where people are economically displaced, they are entitled 
to compensation for lost assets and to assistance to restore and enhance their livelihoods. A requirement of the 
international standards is that compensation should be calculated on the replacement value of any assets lost. Such 
determination should factor in any likely inflation that will occur between the time at which the assessment is made 
and when compensation is actually paid. Where the value of the lost assets exceeds amounts that would normally be 
managed by people, compensation should be paid in kind rather than in cash. Paying out large amounts of cash can 
increase the harm from a project. It will immediately lead to local inflation. It will likely lead to unwise or inappropriate 
spending on consumer goods rather than being invested in restoring or enhancing sustainable livelihoods. 
Past experience has time and again revealed that cash compensation is a major cause of impoverishment. Part of 
livelihood restoration and enhancement should involve capacity building, which perhaps should include training in 
managing finances. Finding opportunities for how individuals to be resettled might be involved in the resettlement 
process should be explored.

With millions of people being resettled every year, there is much experience of the consequences of resettlement. 
Unfortunately, the practice of conducting resettlement is still poorly done and there is much that can be improved. 
There are several key lessons. First, as resettlement has largely been forced on people and is something done to 
them, finding opportunities to empower people in the process, giving them choices and autonomy, is important. 
Second, the actual experience of resettlement tends to be traumatic for the people being resettled, and therefore it is 
important that resettlement practitioners give attention to the emotional and health needs of people to be resettled. 
Thinking through and discussing the process with the affected peoples may identify many ways in which the process 
can lead to a strengthening of the community. For example, certain key people might be resettled first and then they 
can act as a welcoming committee for the people being resettled. Creating ceremonies for saying goodbye to the 
old settlement and celebrations for the new settlement are important. Allowing people to have nostalgia about the 
old, but also to have excitement, anticipation and adventure about the new is necessary. Being receptive to concerns 
and responding quickly to them is important in ensuring that there is a positive attitude rather than an aggrieved 
mentality that might otherwise develop. Some other key lessons are:

1. The cost of resettlement and the time taken are always under-estimated.

2. Starting early is essential, and the resettlement planning needs to be built into the project planning process.

3.  There should be planning for project expansion. People should not be resettled into places where they will later 
need to be resettled again. Land needed for future expansion should be protected from in-migration.

4.  The time between the development and approval of the RAP and its implementation should be minimised. 
The wider this time period is, the more difficult the implementation becomes.

5.  The specifics of the location of the resettlement site are critical in achieving a successful resettlement outcome, 
especially livelihood restoration and enhancement. Resettlement site selection should be driven by a range of 
criteria including distance from origin and compatibility of the characteristics of the site (e.g. land quality, water 
supply, agricultural productivity) with the livelihoods of the people to be resettled.

6.  Resettlement is an expensive process, however the overall, long-term cost to the project will be much less when 
it is done properly. Furthermore, the costs of getting it wrong far exceed the costs of doing it right.

7.  Expropriation must only be a last resort. Expropriation takes much longer than is usually considered, it attracts 
negative attention from interested stakeholders, and it can create opposition to the project. It will never lead to a 
social licence to operate. Negotiating with people in such a way that they voluntarily participate in a resettlement 
process is much more likely to be effective than relying on the power of eminent domain. 
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8. Involve resettled people in the design of replacement accommodation.

9.  Be careful that unrealistic expectations are not created during consultation meetings, or by project staff in 
early project activities. All promises or offers should be recorded in a Commitments Register. 

10.  Professional planning and proper community negotiation are keys to success. Taking shortcuts will only lead 
to problems later on.

Michael Cernea identified eight major impoverishment risks to people that commonly arise from project-induced 
displacement and resettlement: landlessness; joblessness; homelessness; marginalisation; increased morbidity and 
mortality; food insecurity; loss of access to common property; and social disarticulation. Thinking about these risks and 
enacting strategies to counter them are key to successful resettlement and successful projects that deliver shared value. 
Resettlement processes and activities that provide land-based resettlement, identify employment and other alternative 
livelihood opportunities, construct houses for people to live in and implement processes for people to become 
reconnected as communities, consider inclusivity and options for people to be engaged, provide primary health care 
and preventative care, ensure adequate nutrition and food and water security, minimise loss of access to or restore or 
replace community assets, and build social and community capital, are likely to lead to effective resettlement.

For more information on resettlement and displacement, refer to:

Cernea, M. 1997 The risks and reconstruction model for resettling displaced populations. World Development 25(10), 
1569-1587. http://dx.doi.org/10.1016/S0305-750X(97)00054-5 

Cernea, M. 1999 (ed.) The Economics of Involuntary Resettlement: Questions and Challenges. Washington, DC: World 
Bank. http://dx.doi.org/10.1596/0-8213-3798-X 

Cernea, M. 2000 Risks, safeguards and reconstruction: A model for population displacement and resettlement, 
Economic and Political Weekly 35(No. 41), 3659-3678. http://www.jstor.org/stable/4409836

Cernea, M. 2003 For a new economics of resettlement: A sociological critique of the compensation principle. 
International Social Science Journal 55 (Issue 175), 37-45. http://dx.doi.org/10.1111/1468-2451.5501004

Cernea, M. & McDowell, C. 2000 Risks and Reconstruction: Experiences of Resettlers and Refugees. Washington, DC: 
World Bank. 

Cernea, M. & Schmidt-Soltau, K. 2006 Poverty risks and national parks: Policy issues in conservation and resettlement. 
World Development 34(10), 1808-1830. http://dx.doi.org/10.1016/j.worlddev.2006.02.008

De Wet, C. 2005 Development-Induced Displacement: Problems, Policies and People. New York: Berghahn Books.

Downing, T. 2002 Avoiding New Poverty: Mining-induced Displacement and Resettlement. MMSD Report 58 London: 
IIED. http://commdev.org/files/1376_file_Avoiding_New_Poverty.pdf 

IFC 2002 Handbook for Preparing a Resettlement Action Plan. Washington, DC: International Finance Corporation. 
http://www.ifc.org/wps/wcm/connect/22ad720048855b25880cda6a6515bb18/ResettlementHandbook.
PDF?MOD=AJPERES 

IFC 2012 Guidance Note 5 Land Acquisition and Involuntary Resettlement. http://www.ifc.org/wps/wcm/
connect/4b976700498008d3a417f6336b93d75f/Updated_GN5-2012.pdf?MOD=AJPERES 

Owen, J. & Kemp, D. 2015 Mining-induced displacement and resettlement: A critical appraisal. Journal of Cleaner 
Production 87, 478-488. http://dx.doi.org/10.1016/j.jclepro.2014.09.087

Picciotto, R., van Wicklin, W. & Rice, E. (eds) 2001 Involuntary Resettlement: Comparative Perspectives. 
New Brunswick: Transaction.

Reddy, G., Smyth, E. & Steyn, M. 2015 Land Access and Resettlement: A Guide to Best Practice. Sheffield: 
Greenleaf. http://www.greenleaf-publishing.com/productdetail.kmod?productid=4051 

Satiroglu, I. & Choi, N. (eds) 2015 Development-Induced Displacement and Resettlement. London: Routledge.  
http://www.routledge.com/books/details/9781138794153/

Scudder, T. 2005 The Future of Large Dams. London: Earthscan.

Vandergeest, P., Idahosa, P. & Bose, P. (eds) 2007 Development’s Displacements: Economies, Ecologies and Cultures 
at Risk. Vancouver: UBC Press.

World Bank 2004 Involuntary Resettlement Sourcebook: Planning and Implementation in Development Projects. 
Washington, DC: World Bank. http://hdl.handle.net/10986/14914
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Local Content helps create shared value

In its simplest formulation, local content refers to the requirement, expectation or commitment of a company to 
ensure that value is retained within a host country, region or community through its workforce and/or procurement 
opportunities. More than this, however, local content is a philosophy about shared value that considers the strategies 
a business can enact to increase local content to maximise benefits to the local community and company alike. 
For example, a company can work with its potential local suppliers to consider how their capacity can be built to 
meet its procurement requirements and/or how company requirements might be able to be adjusted so that local 
businesses are not artificially excluded from consideration. Some governments mandate a certain level of local 
content. While there is much variation in definitions of ‘local’ and ‘content’ across countries, and even within the 
same country, the SIA practitioner needs to be aware of the policies, regulations, contractual stipulations and 
stakeholder expectations as they relate to the project. Local content presents one of the best opportunities for 
companies to achieve social license. For many projects, however, training local people for employment with the 
project and supporting local businesses to supply the project is not done early or effectively, and thus a development 
opportunity is missed.

The growth in local content policies and practice has brought to light competing objectives and other challenges for 
private sector proponents and governments, who are faced with designing local content in a way that contributes to 
sustainable regional development, enhanced wellbeing and quality of life for local communities, as well as national 
development priorities and industrial policies. Governments seek to achieve a range of objectives with these policies, 
such as employment creation, development of specific sectors or industries, capacity building, knowledge generation, 
skills and technology transfer, and addressing trade imbalances. Corporate attitudes towards local content have 
evolved in recent years. In many instances, the initial motivation was a need to comply with formalised commitments, 
either to a host government, an investment partner, or an Indigenous community. Compliance was deemed necessary 
in order to secure access to resources. Over time, however, leading practice companies had become increasingly 
motivated by the desire to establish and maintain enduring partnerships with local stakeholders for mutual benefit 
and shared value. They have also realised the value of reducing their dependency on expensive expat workforces. 

SIA can be a valuable tool to inform strategies that approach local content from a regional development perspective, 
based on an assumption that it is possible for resource developers and local governments to design collaborative 
local content strategies so as ensure foreign companies contribute to regional development by sourcing from local 
businesses and recruiting local people. Acting through the regional multiplier effect, local content can stimulate 
economic activity and encourage additional investment and higher employment in the local economy. A more 
prosperous local economy will also attract new suppliers to the area and lead to a more competitive supply base as 
well as reduce the community’s dependence on any one industry.

An important step is to start off with a basic socio-economic analysis to determine the baseline conditions in the host 
economy: the existing level of economic dependency on the sector; the specific industries that should be encouraged 
to operate in the region due to their linkages and multiplier effects; and the presence or absence of enabling 
conditions for local content development related to the project. This analysis draws on a variety of indicators such as 
ease of doing business, service amenities, local infrastructure, the health of local businesses, and the diversity and 
adaptability of local communities to lead their own capacity-building efforts.

An important indicator of the health of the local economy is the level of economic dependency on one or several 
sectors in the region. The market share of the industry can be estimated by using the concentration of employment 
in a given industry in the area. Economic diversification, which can be achieved through project enhancement/
social investment programs, can be a solution to the problem of dependency in one or several industries. The goal of 
sustainable regional development, however, requires consideration of a broader set of issues beyond the traditional 
indicators of economic health. It is also important to consider other factors contributing to the strength of human 
capital, economic capital and institutional capital.

Potential suppliers can be identified through a comprehensive supplier capability study. This involves a number of 
activities: (i) engaging the individuals who manage the contracts to get an in-depth understanding of the current 
providers of goods and services, the contracting strategy, end-user requirements and ‘suitability’ for local content 
based on various criteria; (ii) identifying/mapping the businesses across the full spectrum of sectors present in 
the operator’s supply chain; (iii) a high level analysis of sectors, based on their attractiveness for local content; (iv) 
prioritising; (iv) an in-depth analysis of the value chain in shortlisted sectors and of the capability/capacity gaps of 
potential suppliers; (v) developing a competitiveness strategy for targeted sectors; (vi) designing an implementation 
plan; and (vii) monitoring progress.
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29 Guidance for assessing and managing the social impacts of projects

Developing a local workforce requires starting with a demand analysis of direct and indirect labour by project phase. 
A second step involves mapping the existing workforce skills against demand. An important input into the demand 
vs supply gap analysis is an analysis of the quality gaps in academic institutions and training centres, particularly in 
engineering, technical and vocational education. Such an analysis may involve assessing infrastructure, equipment, 
curricula, teaching, and capacity. The final step involves the design and implementation of training interventions, 
typically using a partnership approach. In this way, a project can build the workforce it needs locally.

Local content strategies, like other project interventions, should be assessed for potential adverse social impacts. 
For instance, at a local level, the resources may be drawn (poached) from other businesses and services in the area 
leading to reduced capacity in those sectors (for example from government and other fixed income earners). 
Local businesses can become vulnerable to the project’s cycles by becoming dependent on them. Another potential 
issue is awarding only small value contracts to local people, which may trigger community dissatisfaction because 
they expected more. The preferential contracting/recruiting of particular groups (which can happen inadvertently 
if inadequate social profiling is done) could negatively affect social cohesion and reinforce ‘elite capture’. 
These issues should be systematically considered as part of the baseline analysis, as well as in the risk assessment 
prior to implementing local workforce or local supplier development programs. 

For more information on local content and local procurement, refer to:

Esteves, A.M. & Barclay, M.A. 2011 Enhancing the benefits of local content: Integrating social and economic impact 
assessment into procurement strategies. Impact Assessment & Project Appraisal 29(3), 205-215.  
http://dx.doi.org/10.3152/146155111X12959673796128 

Esteves, A.M., Brereton, D., Samson, D. & Barclay, M.A. 2010 Procuring from SMEs in Local Communities: A Good 
Practice Guide for the Australian Mining, Oil and Gas Sectors. Brisbane: Centre for Social Responsibility in Mining, 
Sustainable Minerals Institute, University of Queensland.  
http://www.csrm.uq.edu.au/docs/4361%20CSRM%20SME%20Report%20Email%20V2.pdf 

Esteves, A.M. & Ivanova, G. 2015 “Using Social and Economic Impact Assessment to guide local supplier development 
initiatives”, in Karlsson, C., Andersson, M. & Norman, T. (eds) Handbook of Research Methods and Applications in 
Economic Geography. Cheltenham: Edward Elgar, pp.571-596. 
http://www.e-elgar.com/bookentry_main.lasso?currency=US&id=14395 

Hidalgo, C. et al. 2014 Extracting with Purpose. FSG.  
http://www.fsg.org/tabid/191/ArticleId/1184/Default.aspx?srpush=true 

IFC (in collaboration with Engineers Against Poverty) 2011 A Guide to getting started in Local Procurement: 
For companies seeking the benefits of linkages with local SMEs. http://www.ifc.org/wps/wcm/
connect/03e40880488553ccb09cf26a6515bb18/IFC_LPPGuide_PDF20110708.pdf?MOD=AJPERES 

Tordo, S. et al. 2010 Local Content Policies in the Oil and Gas Sector. Washington: World Bank.  
http://documents.worldbank.org/curated/en/2013/01/17997330/local-content-oil-gas-sector 
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Plan for closure at commencement of the project

Projects are, by definition, only for a fixed term. Some projects have a designated life of many decades, others have a 
relatively short life expectancy of a few years or even less. For some projects, closure is a planned event that occurs 
when originally intended as per the original plan and licensing approval. However in some sectors, notably the extractive 
industries, the volatility of commodity prices means that projects can have an uncertain lifespan and may unexpectedly 
go from full production and a long-term horizon to reduced operations, temporary closure (‘put on ice’), or permanent 
closure within a short timeframe. The lack of a social licence to operate can also lead to protest and other actions that 
may bring about the premature closure of a project. To some extent, projects that have a large construction workforce 
but a small operations workforce (e.g. a dam) need to manage the shift from construction to operation (i.e. workforce 
demobilisation) in a somewhat similar way to a closure process, at least from a social perspective. It is therefore being 
increasingly realised that all projects need to plan for closure early in the life of the project and to update their closure 
plans regularly, especially if there are major changes to the project or its operating environment. Closure planning is 
necessary for new projects and also for existing projects that have not yet considered their closure planning strategy. 
Even where there is a closure plan, having a dedicated SIA for closure would be appropriate.

Closure can have major social impacts especially when communities are economically dependent on the project. 
However, project closure can also have indirect social impacts when environmental impacts are not properly 
addressed and rehabilitation not properly done. For example, acid mine drainage and other forms of environmental 
pollution can continue long after actual operations have ceased, and can significantly affect the livelihoods and health 
of people living in the vicinity of mines. 

A closure strategy should exist from commencement of the project. Closure is not a simple act, but is a 
process comprising several phases including closure planning, decommissioning, cessation, and post-closure. 
Decommissioning involves a number of activities undertaken to prepare for cessation of operations and the 
consideration of different options for the post-closure period. Decommissioning should normally commence 
well before the end of operations (i.e. cessation) so that the preferred options can be adequately considered and 
negotiated with stakeholders before they need to be implemented. Post-closure is the phase after cessation which 
comprises the ongoing remaining activities of monitoring and maintenance to ensure that all ongoing environmental, 
health and safety risks are controlled and minimized, and that all promised social benefits were delivered.

Closure planning must be a process negotiated with local communities and other stakeholders. Many key decisions 
will have ongoing long-term effects on surrounding communities and therefore these communities need to be 
involved in decisions around closure planning. First and foremost is the impact of job loss. Much can be done in 
identifying economic opportunities post-closure and in providing retraining. The future use of the site is usually 
a key concern for surrounding communities. Identifying potential future uses by the community of project buildings 
and other infrastructure, and the site itself, can enhance the benefits of the overall project to the community. 
Electricity generation and water treatment plants and other infrastructure may be able to be made available to the 
local government or other operator on behalf of the local communities (although this also entails a transfer of liability 
that also needs to be considered). The ongoing life of the company’s social investment activities and any corporate 
philanthropic actions need to be considered. 

To ensure an ongoing social licence to operate and good reputation, it is in the company’s interest to have a high level 
of transparency and engagement with the local communities. Local people will be potentially greatly affected and 
they also need to make their own plans. Their intentions for the post-closure period need to be thought through, and 
their decisions may change as they process the information available to them and consider their options. They need 
to consider whether they should stay, go, sell, buy, etc. When people’s intentions are known, the potential impacts of 
closure can be determined. It is also possible to align closure actions with people’s preferences. 

The closure process cannot be finalised until all of the following issues have been addressed: 

1.  all resettlement processes and associated livelihood restoration and enhancement activities have been completed 
and/or a realistic plan has been made for their continued operation; 

2. all compensation that is due has been provided;

3.  all items in the Commitments Register and all items in any Impacts & Benefits Agreement (or similar community 
development agreement) have been delivered or addressed; 

4. all grievances that have been submitted have been addressed;

5.  a plan for all facilities and infrastructure has been made in consultation with all stakeholders, and each item 
will either be re-utilised by the local community or has been removed;

6.  all appropriate steps have been taken to ensure the area is safe and stable, for example capping all shafts, 
and removing all chemicals; 

7.  all site rehabilitation (restoration or remediation) works have been undertaken consistent with regulatory 
requirement and any commitments made; 
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31 Guidance for assessing and managing the social impacts of projects

8.  all social and environmental mitigation activities have been fully implemented and, where they continue to be 
necessary, there is an appropriate mechanism for their continuation; 

9.  there is a process for the ongoing monitoring of key environmental and social indicators and an adaptive 
responsive procedure should there be an exceedance; 

10.  there is a sustainable management strategy for all social investment programs; and,

11.  there is a contingency fund or mechanism to address any unexpected issues related to the project that may 
emerge in the future.

It is important for companies to be aware that their project approval (environmental licensing consent) and 
acceptance by the local community was on the basis that there would be no residual harm and that certain benefits 
would be provided. The company has an obligation to abide by those undertakings irrespective of any changed 
circumstances it might experience. 

Closure is an expensive process. A challenge is the fact that most expenses related to closure are incurred after 
production (and therefore income generation) ends. Therefore financial provision for closure must be made by the 
company during the operational phase of the project. This requires careful estimation of the likely costs of closure 
and the creation of a reserve fund so that the money needed for closure will exist when it is needed. Unfortunately, 
the estimation of the costs of closure is usually poorly done, and many companies fail to fulfil their obligations when 
it comes to closure. For this reason, many countries impose an environmental bond at project approval stage to 
ensure that there are funds to cover expenses related to closure. Unfortunately, these environmental bonds are 
typically only for a fraction of the true costs of rehabilitation, and they fail to keep pace with inflation. Because of 
this, an improved system of providing surety to cover the costs of closure is needed. A closure audit is needed to 
determine whether the closure process has been properly conducted, and that all the issues/conditions mentioned 
above have been fulfilled. Only then should any environmental bond be released. 

To ensure that a positive legacy eventuates, a project should contribute to sustainable development in such a way 
that the local communities will continue to develop after the project ends. To this end, the strategic long-term 
corporate goals should be aligned with current and future development plans of the community and the region. 
The company should engage stakeholders and pursue initiatives aimed at strengthening the capacity of the local 
community. Ideally, these principles should be in place from the early stages of a project, be present in the strategic 
social investments and local content strategies of the project, and they should be carefully considered during the 
decommissioning stage. The ongoing social licence to operate and grow (i.e. operate at other sites) of a company 
depends on how effectively it undertakes its closure processes.

For more information on closure, refer to the following (but note that in most of these guidelines on closure there is 
still a lack of consideration of social issues):

Anglo American 2013 Mine Closure Toolbox http://www.angloamerican.com/~/media/Files/A/Anglo-American-
PLC-V2/documents/approach-and-policies/environment/toolbox-main-brochure-lr.PDF 

Australian Government 2006 Mine Closure and Completion. Canberra: Department of Industry, Tourism and 
Resources http://www.industry.gov.au/resource/Documents/LPSDP/LPSDP-MineClosureCompletionHandbook.pdf

Evans, R. 2011 “Closure planning”, in Vanclay, F. & Esteves, A.M. (eds) New Directions in Social Impact Assessment: 
Conceptual and Methodological Advances, Cheltenham: Edward Elgar, 221-232.

Sánchez, L.E., Silva-Sánchez, S.S. & Neri, A.C. 2014 Guide for Mine Closure Planning. Brasília: IBRAM (Brazilian Mining 
Association). http://www.ibram.org.br/sites/1300/1382/00004552.pdf 

Sheldon, C.G., Strongman, J.E. & Weber-Fahr, M. 2002 It’s Not Over When It’s Over: Mine Closure around the World, 
Washington: World Bank and International Finance Corporation.  
http://siteresources.worldbank.org/INTOGMC/Resources/notoverwhenover.pdf 

Stacey, J. et al. 2010 The Socio Economic Aspects of Mine Closure and Sustainable Development (2 volumes). 
Johannesburg: Centre for Sustainability in Mining and Industry, University of Witwatersrand.  
Vol 1: http://www.coaltech.co.za/chamber%20databases%5Ccoaltech%5CCom_DocMan.
nsf/0/13C0E50053B60B8788257AF4003392EC/$File/Coaltech%20Mine%20Closure%20Report%201%202010.pdf  
Vol 2: http://www.coaltech.co.za/chamber%20Databases%5Ccoaltech%5CCom_DocMan.nsf/0/
F6430BA4F25ADE3A88257AF4003321AA/$File/Coaltech%20Mine%20Closure%20Report%202%202010.pdf 

World Bank 2010 Towards Sustainable Decommissioning and Closure of Oil Fields and Mines: A Toolkit to Assist 
Government Agencies (version 3.0). Washington: World Bank. 
http://siteresources.worldbank.org/EXTOGMC/Resources/336929-1258667423902/decommission_toolkit3_full.pdf 
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Ethics for SIA practitioners

Ethical issues and dilemmas arise in all professional practice. A hallmark of professionalism is an ongoing discussion of 
ethical issues and an active, reflexive awareness by practitioners and the profession as a whole of the ethical issues 
likely to be encountered. Vanclay et al. (2013, modified) identified 18 general principles relating to ethical research 
involving humans that arguably should also be observed by SIA practitioners. These principles are:

1.  Respect for participants – An SIA practitioner should demonstrate respect in terms of all their interactions with 
participants including not judging them, not discrediting them, in ensuring that their views are faithfully recorded 
and given due consideration in the assessment process. Part of this respect is implied by the terminology of 
‘participant’ (rather than ‘respondent’ or ‘subject’). An important dimension of this respect relates to ensuring 
the protection of persons with diminished autonomy and those who are marginalised or vulnerable. Special 
recognition and procedures may also be required in the case of Indigenous peoples.

2.  Informed consent – Participation should be the voluntary choice of the participants and should be based 
on sufficient information and an adequate understanding of the SIA research and the consequences of their 
participation. This implies that the practitioner must disclose all relevant information and any possible risks of 
participation, especially any issues around what will happen to the data obtained. Where culturally appropriate, 
informed consent could be documented by having signed consent forms. 

3.  Specific permission required for recording – If the practitioner intends to audio-record, video-record or 
photograph any participant, specific approval for this must be given in advance (and may be a legal requirement 
under the privacy legislation of most countries).

4.  Voluntary participation and no coercion – As implied by the principle of informed consent, participation must be 
voluntary and not subject to any coercion or threat of harm for non-participation. Non-coercion is not taken to 
mean that there should not be payments for participation, however, any such payment should be commensurate 
with the amount of time and normal income expectations of the participants, and should not be excessive such 
that it would constitute a bribe or inappropriate inducement. 

5.  Right to withdraw – Consistent with the principle of voluntary participation, participants must know that they can 
withdraw at any time and have any of their data already recorded removed from the analysis where this is possible.

6.  Full disclosure of funding sources – An implication of the principle of informed consent is that there must be full 
disclosure of the sources of funding of the research. 

7.  No harm to participants – It is fundamental that no harm must foreseeably come to participants as a result of 
their participation in the research. This means not only that participants must not be exposed to pain or danger 
in the course of the research (such as in medical research), but also that there must be no adverse consequences 
to a person as a result of their participation. At the very least, the practitioner must do their utmost to protect 
participants from any harm, and ensure under the principle of informed consent that the participant is fully 
appraised of all possible risks of participation. Sometimes, participation in social research will cause a participant 
to reflect on personal issues bringing about emotional distress. Here the practitioner’s obligation is to ensure that 
the immediate interaction does not finish until there is some resolution to the distress that has arisen and that 
access to follow-up assistance or counselling is available if needed. 

8.  Avoidance of undue intrusion – Respect for participants means that there will be discussion only of those matters 
that are relevant to the issues under research and that enquiries should be confined to those issues. It implies 
a respect for the personal lives of participants and that practitioners should be cognizant of what is personal 
and private. 

9.  No use of deception – The principle of respect for participants and professional integrity implies that the use of 
deception or covert methods should only be used under certain circumstances and only when approved by a duly-
appointed ethics committee. 

10.  Presumption and preservation of anonymity – There is an assumption of anonymity, that is, people participate in 
research on the presumption that they will be anonymous and that their anonymity will be protected, unless they 
have given permission to be named. Thus, there is a requirement for the express permission of participants for 
any use of the real names of people or where a person’ identity would be evident from the context (for example, 
the mayor or other public figure identified by the public role).

11.  Right to check and modify a transcript – Where people are named or identifiable, those participants have the right 
to check how they are quoted and to make changes to a transcript and any draft publication that may be prepared 
to ensure they agree with the way they are recorded. Best practice in social research would accord this right to 
all participants.
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12.  Confidentiality of personal matters – Respect for participants means that confidentiality (i.e. non-disclosure of 
information) should be accorded to all private or personal matters or views, or when any such undertaking is 
given. This means that there is a responsibility on the practitioner to make judgements about what should be 
reported and what should not be publicly disclosed. The fact that something was revealed to the practitioner does 
not automatically entitle the practitioner to make it public. When information is entrusted to a practitioner in 
confidence, such confidentiality must be protected. 

13.  Data protection – Because of the confidentiality of personal data and the identities of who was included in the 
research, care must be taken to ensure that all data are stored securely and safe from unauthorised access. It is 
also expected that there be a stated timeline after which the data would be destroyed. Because of institutional 
requirements that practitioners should be able to produce raw data in the event of an audit or complaint and to 
safeguard against fraud, typically this would be a number of years after completion of the project.

14.  Enabling participation – Practitioners have an ethical responsibility to ensure that all relevant individuals and 
groups are included in the research, and where they might ordinarily be excluded – e.g. by reasons of language, 
gender inequalities, cultural protocols, physical accessibility, cost to participate, or other factors contributing to 
social exclusion in the particular project context – there must be a genuine attempt to enable participation by 
providing appropriate means of access such as translation, transportation, or payments to offset the cost 
of attendance.

15.  Ethical governance – For the proper functioning of ethical procedures, it is necessary that there be an ethical 
governance mechanism. Typically this implies that there should be a committee or other facility that can – 
especially in the case of ethically-sensitive research issues or methods (such as use of deception, interviewing 
of vulnerable groups) – review research protocols prior to the research taking place, oversee and/or monitor 
research activities, provide advice to practitioners and participants, and make judgements in relation to 
complaints. A professional association such as IAIA may be able to provide such a mechanism, alternatively this 
could be negotiated in conjunction with the impacted community or with a local authority (local, regional or 
national government), or a local university, etc.

16.  Grievance procedure – Good ethical governance requires that research participants have access to a grievance 
procedure and recourse to corrective action in relation to their concerns about the way the SIA research was 
conducted. The grievance procedure must be procedurally fair, and disclosed to participants. 

17.  Appropriateness of research methodology – Respect for participants as well as professional probity means that 
the research procedure must have reliability and validity. Participants give their time (whether free or paid) on the 
presumption that the research is legitimate, worthwhile and valid.

18.  Full reporting of methods – Research methods and analytical procedures must be fully disclosed to: enable 
replication of the research by another practitioner; enable peer review of the adequacy and ethicality of the 
methodology; and to encourage critical self-reflection on the limitations of the methodology and any implications 
for the results and conclusions.

For more information on research ethics, refer to:

Israel, M. & Hay, I. 2006. Research Ethics for Social Scientists: Between Ethical Conduct and Regulatory Compliance. 
London: Sage.

Vanclay, F., Baines, J. & Taylor, C.N. 2013 Principles for ethical research involving humans: Ethical professional practice 
in impact assessment Part I. Impact Assessment & Project Appraisal 31(4), 243-253.  
http://dx.doi.org/10.1080/14615517.2013.850307

Baines, J., Taylor, C.N. & Vanclay, F. 2013 Social impact assessment and ethical social research principles: Ethical 
professional practice in impact assessment Part II. Impact Assessment & Project Appraisal 31(4), 254-260.  
http://dx.doi.org/10.1080/14615517.2013.850306
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Good practice guidance for the 26 tasks comprising SIA

Box 2 near the beginning of this document presented the 26 tasks that comprise SIA. Here, each of those tasks is 
considered in turn with comments made about the key issues that deserve specific attention in terms of establishing 
good and sometimes best practice. This is not a how-to-do-it instruction manual. Not all the information here will 
necessarily be applicable in every situation – people utilising this information will need to establish for themselves 
what is appropriate in each particular context. It is also important to realise that while the tasks are presented in 
roughly chronological order, they frequently overlap in timing, and they inform each other. Sometimes the outcomes 
from a later step provide information that can lead to a need to revisit information and/or decisions arising from an 
earlier step.

Phase 1: Understand The Issues

Task 1: Gain a good understanding of the proposed project, including all ancillary activities necessary 
to support the project’s development and operation. 

To understand the social impacts of a project, it is vitally important to understand the project and all its various 
dimensions. Projects generally involve multiple ancillary activities and different components. Impacts are usually 
created by each of the component activities of the project as well as along the whole value chain. Thus, a thorough 
impact assessment needs to consider all of the impacts created by each of the activities that make up the overall 
project. For example, a project may entail the resettlement of people, which will also have impacts in the locality 
where they are resettled. Worker accommodation complexes have impacts on local communities. Dams may require 
quarrying activities at sites distant to the proposed dam, with the transportation of rockfill to the dam site. 
All projects require the transport of goods in and out of the project site. These transport routes are also sources of 
negative (and potentially positive) impacts. To fully understand a project and the context in which it is in, a scoping 
visit to the project site is necessary – this is not something that can be done as a desktop planning exercise.

Task 2: Clarify the responsibilities and roles of all involved in or associated with the SIA, including 
relationships to the other specialist studies being undertaken, and establish what national laws and/
or international guidelines and standards are to be observed. 

Environmental impacts invariably lead to social impacts, and health impacts and human rights impacts can also be 
understood as social impacts. Therefore, having a good understanding of the other studies being conducted and 
ensuring integration and complementarity with them is necessary to ensure efficiency, effectiveness and to reduce the 
burden on local communities. A key step, therefore, is coming to agreement on the scope of the SIA to be conducted. 
It is worth noting that, like all professional practitioners, an SIA practitioner has a duty of care to ensure certain things 
are considered by the client. In the case of SIA, this would include ensuring that a wide range of issues were considered 
by the project, either in the SIA or in other studies. Furthermore, since SIA is necessarily an iterative learning and 
participatory process, it is impossible to determine at the outset everything that will need to be considered. Therefore, 
those commissioning and conducting SIAs should allow flexibility in contracting budgets in order that the SIA can 
respond to new issues that may arise and need to be assessed. It is self-evident that the budget must be adequate 
for the task of assessing all the relevant issues. Also important, however, is that the time schedule for the SIA should 
ideally correspond to the proponent’s development plans to maximise the ability of the SIA to feed into the planning 
process without causing delays. Awareness of this and planning for this is a joint responsibility of the proponent and 
the SIA consultant.
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Large projects always occur in a multi-governance setting. The various layers of governance that potentially can have 
bearing on a project and therefore on SIA activities include the content of international agreements (such as the United 
Nations Guiding Principles on Business and Human Rights), international norms (such as might be specified in industry 
association guidelines), matters prescribed in the national constitution, the national policy environment, national 
legislation and regulation and the way it is enacted, environmental licensing and permitting conditions, and matters 
stipulated in any other contractual agreements between government and the proponent. Where the proponent has a 
contractual Impacts & Benefits Agreement or similar with the local community, this too will impose specific conditions 
that need to be considered. Sometimes, especially in countries that are federations, there may be differences between 
national, state or province, and local or municipal government requirements and expectations. In addition to this, 
large projects are frequently undertaken by consortia involving several corporations, each with their own policies and 
procedures. Finally, large projects may have financial backing from many sources. Unfortunately, while the approaches 
of the various multilateral development banks (e.g. World Bank, IFC, ADB, AfDB, EBRD, EIB, IDB, etc) are similar, they 
are not identical, and each often requires their own procedures to be followed and documentation to be produced.

Even where there is no MDB financing, commercial financial institutions around the world are increasingly signing up 
to the Equator Principles and observance of the Equator Principles may be a requirement of project financing. For 
operational guidance, the Equator Principles require compliance with the IFC’s Performance Standards making them 
something of an international standard whether or not IFC funding is part of the project. Many companies set the IFC 
Performance Standards as their practice benchmarks. It is therefore important that all SIA practitioners are aware of 
the IFC Performance Standards.

This multi-governance setting creates many issues for projects. While there are sometimes contradictory guidelines, 
there may also issues where there is a lack of guidance. It may be desirable for the SIA practitioner to develop a gap 
analysis to consider the differences between national and international standards. It will also be important for the SIA 
practitioner to negotiate with their client (typically the proponent) about which standards are to be observed. Where 
there are conflicts between national regulation and international standards, these will need to be spelled out and 
negotiated. Ensuring that all parties understand the ramifications of any non-compliance will also be important. 

Task 3: Identify the preliminary ‘social area of influence’ of the project, likely impacted and 
beneficiary communities (nearby and distant), and stakeholders.

The concept of a primary area of influence or zone of impact is standard in EIA practice, however, it is not directly 
transferable to SIA. A ‘social area of influence’ consists of the people potentially impacted by a project. Affected 
peoples include both ‘communities of place’ and ‘communities of interest’. The location of affected people 
frequently does not neatly align with the geographic boundaries or the area of influence determined by the 
environmental impact of a project. In fact, often the buffer zones determined by technical experts are inadequate. 
Furthermore, downstream water users are often not considered in assessment of impacted peoples. It is worth 
noting that social impacts do not necessarily decrease in intensity with distance from the project site. People are 
connected by a vast array of linkages and networks. Projects also can often have a wide logistics corridor and complex 
value chains (with backwards and forwards linkages). Defining a ‘social area of influence’ does not necessarily require 
the articulation of a geographic boundary. Instead, the social extent of the project can be determined through a 
combination of stakeholder analysis and social mapping, and through an iterative process of understanding the social, 
economic, political and environmental changes induced by the project and the livelihoods and networks of potentially 
impacted people.

Task 4: Gain a good understanding of the communities likely to be affected by the project by 
preparing a Community Profile which includes: (a) a thorough stakeholder analysis; (b) a discussion of 
the socio-political setting; (c) an assessment of the differing needs, interests, values and aspirations 
of the various subgroups of the affected communities including a gender analysis; (d) an assessment 
of their impact history, i.e. their experience of past projects and other historical events; (e) a 
discussion of trends happening in those communities; (f) a discussion of the assets, strengths and 
weaknesses of the communities; and (g) optionally the results of an opinion survey. This task is 
typically called profiling.
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Understanding the local cultural context is essential for the success of the SIA and the project. It is important to 
appreciate that different societies have different cultural values, with different understandings about how things 
should be done. These differences can pose many challenges for project development and for the conduct of SIAs. 
A common occurrence is that outsiders (i.e. project managerial staff and sometimes SIA consultants) tend to presume 
that local people value the same things they (the outsiders) do. They also often presume that all local people 
have common concerns. This mismatch can be exacerbated by the use of economic models and other conceptual 
frameworks with their implicit and sometimes explicit ideological and cultural positionings. This misrepresentation 
can lead to problems in the conduct of the SIA and the development of the project. It can also lead to poor analysis of 
the impacts and poor assessment of appropriate mitigation and benefit enhancement strategies. Thus, gaining a good 
understanding of the local context – by, in addition to other methods, having effective participation processes (see 
Task 6) – will greatly assist in the conduct of the SIA and in project implementation. 

The subheadings below discuss different aspects that need to be considered in order to gain a good understanding 
of the local context. The analysis of the local context is usually written up as a ‘Community Profile’. The first step is a 
thorough stakeholder analysis. While normally one document is produced, if it is discovered that there are more than 
one disparate affected communities, the Community Profile document may need to have subsections describing the 
different communities. 

(a) a thorough stakeholder analysis

One of the failings of many impact assessments is the inadequate identification and participation of all the potential 
stakeholders (also called interested and affected parties or IAPs). This is a problem because without adequate 
awareness of all the stakeholders (and rights-holders), some of the social impacts may not be properly considered. 
The types of people who are likely to be stakeholders in most projects typically include:

•  Residents in the immediate impact zone, the affected area, especially those who will be physically or economically 
displaced as a result of the project;

•  People in the host communities where displaced persons relocate to (either as a result of a planned resettlement 
or through their own migration);

•  Nearby communities as well as more distant residents whose livelihoods may be threatened/affected as a result of 
the project;

•  People who will be affected by associated works, such as irrigation channels, quarries, roads, railways, and 
transmission line corridors;

•  Construction workers and their families;

•  People who migrate to construction areas in search of work or other benefits they perceive may arise due to the 
project (a process known as project-induced in-migration or the honeypot effect);

•  People in communities near where construction workers or other in-migrants will be located;

•  Non-resident Indigenous and other land-connected peoples who may have spiritual attachment to the land/river 
and/or native title to land in or near to the construction site;

•  Local, national and international NGOs (for example, conservationists) who may be interested in the ecological or 
heritage values that may be threatened by the project;

•  Other stakeholders such as the developer and associated contractors, regulatory agencies, local regional and 
national governments, funding or development agencies, as well as the intended beneficiaries.

No generic listing will ever be adequate in all cases because there will always be locally-specific groups and locally-
specific circumstances of the local cultural context. It is also important to realise that these stakeholder groupings 
contain considerable variation within them, including gender differences, and differences based on age and 
vulnerability, etc (discussed further below). To give one example of how local context can be important, in one 
resettlement process, there was a government-mandated process of compensation for impaired means of earning 
income and/or lost assets for resettled people that involved payments into the bank accounts of the male heads of 
households. It was thought that this procedure would be appropriate. However, in that country polygamy is common, 
and a significantly-affected group of people were the second, third, and other wives of these men. These women 
were also negatively affected by the project, but were much disadvantaged by this compensation procedure. They 
had not been considered in the assessment of social impacts and compensation procedures. A better understanding 
of the local cultural context would have led to an awareness of this aspect of local life and would have suggested a 
different process of compensation. 
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For more information, refer to: 

IFC 2007 Stakeholder Engagement: A Good Practice Handbook for Companies Doing Business in 
Emerging Markets. Washington, DC: International Finance Corporation. http://www.ifc.org/wps/wcm/
connect/938f1a0048855805beacfe6a6515bb18/IFC_StakeholderEngagement.pdf?MOD=AJPERES 

(b) a discussion of the socio-political setting

An important aspect to understanding local communities is understanding their socio-political context. The attitudes, 
values, social development goals of people, as well as how they are likely to respond to the project and to likely 
impacts, as well as their level of trust in government, the project developer and the SIA process itself are very 
much influenced by the socio-political setting. The recent political history of a place, the extent of open or latent 
conflict that might exist, whether it is a post-conflict society are all important considerations. Knowing the cultural 
characteristics that influence whether people will be prepared to talk openly or not will have a bearing on how 
community engagement processes should be designed. The functioning of the legal system and people’s awareness 
of their rights and access to legal remedy are also relevant considerations.

For more information, refer to: 

Kemp, D. 2011 “Understanding the organizational context”, in Vanclay, F. & Esteves, A.M. (eds) New Directions in 
Social Impact Assessment: Conceptual and Methodological Advances. Cheltenham: Edward Elgar, pp.20-37.

(c) an assessment of the differing needs, interests, values and aspirations of the various subgroups of the affected 
communities including a gender analysis

It should be noted that not only are there different stakeholder groups with differing interests (such as those listed 
above), there will likely be differences between individuals in the same stakeholder group. An affected community 
might be segmented into people (perhaps working age men) who may be notionally in favour of the project because 
they consider that jobs might materialise, whereas other people (perhaps some older women) may be concerned 
about the social and cultural impacts. Young people in general often have different views than older people, 
especially in relation to traditional cultural values and appropriate ways of doing things. Establishing the views of 
each subgroup can be complex. Sometimes, multiple different organisations or individuals may seek to represent a 
constituency, and it may be difficult for an SIA practitioner to determine which organisation has greater legitimacy 
for each constituency. In fact, it is always desirable for the SIA process to do its own primary data collection amongst 
each social group and not rely on the statements of political representatives or group leaders who may engage in 
strategic tactical action rather than faithfully present the views and concerns of the constituency. 

The notion of ‘residents’ must be deconstructed. Residents are rarely an homogenous group, and may include long-
term residents (oldtimers or locals), recent arrivals (newcomers), and people who use the location as a dormitory 
suburb (that is, they work elsewhere) and may not have strong ties to where they live. It may also include second 
home owners, including people who are ‘weekenders’ and/or those who regularly holiday there. Depending on the 
locational context, there may be informal settlements, including illegal immigrants. While project managers may 
not consider these groups as being legitimate stakeholders, it is important that the SIA practitioner be aware that 
from a human rights perspective, these people are still rights-holders, and therefore the impacts they experience 
must still be considered. There can also be different types of people who don’t actually live near the project site, but 
nonetheless will potentially be affected by changes at the site. These may include workers, especially FIFO (fly in, fly 
out) and DIDO (drive in, drive out) workers, visitors, daytrippers, commuters and shoppers. Consulting them about 
changes and actively taking their concerns into account may well lead to improved relations with these stakeholders 
and better decisions. 

Village (or community) and household are often used as the units of analysis because impacts occur at different 
levels – at an individual level, household level, and at the group or community level. Some impacts affect individuals 
as individuals. Other impacts affect households (or similar family or domestic units) because they affect family 
structure and functioning. Other impacts affect society as a whole, and/or the adequacy of social institutions. 
Ultimately, however, all impacts are experienced by individuals, although individuals experience impacts in different 
ways depending on their social situation. A gender analysis is essential to understand how women and men are 
differentially affected, however, it is also vital to appreciate that women are not homogeneous, and therefore care 
must be taken to appreciate the diversity in situation and experience of different types of women, as well as the 
different types of men. When it is predicted that the level of work effort required to survive will increase because of 
changes to the environment brought about by a particular project, it is the women who will often bear the brunt of 
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increased workloads. If men leave their homes and villages for work at a distant workplace (a mine or a factory, or 
even to go to the city in search of work), women face increased workloads. Even when men earn money, cash is often 
expended on consumer goods and may not lead to a reduction in women’s workload. If entrepreneurial activities 
are promoted to allow villagers to earn additional cash income, it is usually the women who experience an increased 
workload producing that income. It can be argued that many planned interventions have worsened the position of 
women. In fact, even enhancement activities designed to improve community wellbeing can worsen the position of 
women because of the gendered distribution of workload.

Understanding why people are opposed to a project is useful. People will at least appreciate that their concerns have 
been listened to, even if nothing can be done in relation to their concerns. However, many times things can be done 
to address people’s concerns and opposition. Perhaps their opposition is based on misinformation or an incorrect 
assumption. Correcting this information and/or dispelling the incorrect assumptions can greatly reduce people’s 
concerns. Sometimes opposition to a project occurs because of concerns about matters somewhat unrelated to the 
project itself. For example, in one situation, some people were indirectly opposed to a particular project because they 
feared it would increase surveillance which would detect their illegal fishing activities and/or limit their access to a 
favourite fishing location.

For more information, refer to: 

Eftimie, A., Heller, K., & Strongman, J.. 2009 Mainstreaming Gender into Extractive Industries Projects: Guidance Note 
for Task Team Leaders. (Extractive Industries and Development Series #9). Washington, DC: World Bank.  
http://siteresources.worldbank.org/EXTOGMC/Resources/eifd9_gender_guidance.pdf

(d) an assessment of their impact history, i.e. their experience of past projects and other historical events

Although project staff and companies may believe they are not responsible for the past actions of other projects 
in a region (what are often called legacy issues), from the perspective of local communities unresolved past issues 
will very often need to be addressed before they are willing to consider a new project. In the case of an acquisition, 
the purchasing company might think it is not responsible for the actions of the previous operating company, but to 
the community it is all the same project and they will certainly hold the current operator responsible for the issues 
they currently experience even if they arise from the actions of the previous operator or the exploration company. 
Where a community has a legal basis to approve or reject a project (i.e. FPIC), it will be essential for a company to 
address legacy issues to order to obtain its social licence (i.e. consent from the community). However, even in other 
situations, if a company is genuine about its respect for community, addressing past social issues will go a long way to 
building trust and good relations, and provide a firm basis for a social licence to operate. Saying sorry for past harm 
that has been experienced is part of demonstrating respect (see Box 7). An awareness of past issues is also essential 
to be able to fully understand the likely reaction of a community to the new project, and in planning mitigation and 
enhancement measures. 

(e) a discussion of trends happening in those communities

It is really important for the SIA to have a good understanding of all the things that are happening in a community. 
This is important for two primary reasons. Firstly, cumulative impacts can only be understood by knowing what 
else is happening in the region. Secondly, part of SIA is the establishment of a baseline and the construction of a 
forward scenario about what is likely to happen to the community without the project. This is needed because the 
measurement of change due to the project is not necessarily the absolute difference in the values of the baseline 
variables between commencement of monitoring and the present time, but between what has happened versus 
what would have happened without the project (i.e. the counterfactual). Thus, a good understanding of the trends 
(social change processes) that are happening regardless of the current project is necessary.
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BOX 7: Example of good practice in saying sorry

A mine in Australia, which commenced production in the 1980s, involved exploiting a cultural heritage site of 
significance to Aboriginal women. Although an agreement with some male Traditional Owners had been reached 
allegedly consenting to the destruction of the site, that agreement was inadequate in terms of the process by 
which it was developed and the benefits it provided to the local Aboriginal community. Despite ongoing concerns 
by the local community, the operating company did little to address the issues. It took a change in mine ownership 
and in senior site staff before a new attitude of respect came into company culture, primarily because the approval 
of the Traditional Owners was needed for a proposed expansion. A new community-based agreement making 
process was initiated which empowered the Traditional Owners by supporting their ownership of the process. 
The process enabled a thorough consideration of the distress caused by the past conduct of the mine and the 
various state and federal governments. Traditional Owners articulated that legacy issues needed to be addressed 
and demanded that a formal apology from the mine be made before they would agree to any future relationship. 
The company complied with these demands and an appropriate traditional (smoking/cleansing) ceremony was 
performed. Eventually the Traditional Owners agreed to the proposed expansion. The company has heralded 
the process as a learning experience for them and has widely championed the story of their epiphany. Other key 
aspects of the new agreement included: 

• Aboriginal control over all land use to enable protection of sacred sites and heritage areas;

• a compulsory program of cross-cultural training for all mine employees and contractors; 

• recognition of local customary practices and their integration into mine activities and procedures;

• employment and training programs to increase Aboriginal participation in the mine workforce;

• unlimited access of Traditional Owners to non-operational areas of the mine lease;

• adoption of a regime of environmental co-management;

• commitment to Traditional Owner participation in eventual closure planning and decommissioning; and 

• a revenue sharing model providing a substantial contribution to the local community.

(f) a discussion of the assets, strengths and weaknesses of the local communities

Understanding a community means knowing what the various elements of the community want, how they see their 
community, and their vision for the future of their community. It is also about knowing their values and spiritual beliefs, 
which is essential for understanding how impacts will be experienced. A full understanding of a particular community 
also requires a knowledge of community assets, resources, strengths and weaknesses. This will assist in predicting 
impacts and the experience of those impacts by the community, as well as in conceiving appropriate strategic social 
investments and other community development initiatives. Undertaking a SWOT analysis as part of a community forum 
can be a useful precursor to a discussion about what contributions a project might make to a community. 

For more information, refer to: 

Chambers, R. 1997 Whose Reality Counts: Putting the First Last. London: Intermediate Technology Publications. 

Kretzmann, J. & McKnight, J. 2005 Discovering Community Power: A Guide to Mobilizing Local Assets and your 
Organization’s Capacity. Evanston, IL: ABCD Institute. http://www.abcdinstitute.org/docs/kelloggabcd.pdf

Oxfam 2013 The Sustainable Livelihoods Approach: Toolkit for Wales. http://oxfamilibrary.openrepository.com/
oxfam/bitstream/10546/297233/8/sustainable-livelihoods-approach-toolkit-wales-010713-en.pdf 

g) optionally the results of an opinion survey

There are a range of social research methods that can be used to get a sense of community concerns and opinions 
about the project. These methods have their various pros and cons, and varying accuracy (reliability and validity). 
While key informants sometimes do have a good awareness of community concerns, there are times when they 
are completely out of touch. While focus groups are frequently used, there are always concerns about the extent 
to which focus group participants are representative. Thus, in societies where surveys are culturally appropriate, 
commissioning an opinion survey with a sample of sufficient size to have reasonable statistical power can be a 
good way to assess feelings about a project of people in a defined region. These surveys can be repeated at regular 
intervals to track changes in perceptions, issues and the perceived social license of the project.
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Task 5: Fully inform community members about: (a) the project; (b) similar projects elsewhere to 
give them a sense of how they are likely to be affected; (c) how they can be involved in the SIA; (d) 
their procedural rights in the regulatory and social performance framework for the project; and (e) 
their access to grievance and feedback mechanisms.

To be consistent with expected transparency, to treat communities with respect, and to gain a social licence to 
operate – especially in situations where SIA is part of an FPIC process – it is necessary to ensure that the affected 
communities are fully informed about the project and understand how it will affect them. Furthermore, for 
community input to be useful to assist in project design, it is also desirable that the affected communities be fully 
informed about the project. In societies with experience with similar projects, it is likely that sufficient capacity to 
understand the likely consequences of the proposed project will exist within the host community. However, where 
the project is conceptually new to the intended host communities, in order to assist their full understanding it may 
be necessary to provide information about how similar projects affected host communities elsewhere. A failure to 
do this could be considered to be a breach of FPIC, and in any case, such anticipation will assist in planning for and 
coping with the changes that will arise. Thus, arranging site visits to other projects could be useful to ensure that 
the host communities are fully informed and capable of understanding the likely impacts of the planned project. 

Discussing and negotiating how the host communities will be involved in the SIA and the project generally is 
necessary. Disclosing the statutory and procedural rights participants have is essential, but ideally the proponent and 
SIA practitioner will go beyond the minimum requirements to enable a greater degree of participation (and preferably 
deliberation) by the affected community members. 

Another component of full disclosure relates to the possibilities for redress and complaint (in other words, grievance 
mechanisms) that are available to affected peoples. While the design and implementation of grievance mechanisms 
is discussed under Task 18, participants in an SIA and people affected by a project need to be informed from the 
beginning of project discussions about the mechanisms available to them to raise any grievances they may have and/
or provide feedback. Principle 31 of the UNGP, which lists effectiveness criteria for non-judicial grievance mechanisms, 
indicates that such mechanisms must be accessible to all stakeholders, which in the first place means that the 
mechanism must be known to them and accessible to them. Good practice in all organisations includes ensuring 
that all stakeholders are knowledgeable of their ability to, and about how to actually access such mechanisms.

Task 6: Devise inclusive participatory processes and deliberative spaces to help community 
members: (a) understand how they will be impacted; (b) determine the acceptability of likely 
impacts and proposed benefits; (c) make informed decisions about the project; (d) facilitate 
community visioning about desired futures; (e) contribute to mitigation and monitoring plans; 
and (f) prepare for change.

Effective participatory processes are essential for SIA. Even though SIA consultants will likely have extensive 
experience and can reasonably determine what many social impacts of a given project may be, they will never 
be able to know precisely what the meanings and/or consequences of certain activities will be to local people. 
For example, sacred sites or other sites of local historical or cultural significance may not be known or be self-evident 
to outsiders. In many other ways, too, it will be impossible for the SIA consultants to know what the local impacts will 
be without input from local people about how they use the environment, what is important and meaningful to them, 
and want they think about the various changes in the landscape, their livelihoods and social structures. 

The acceptability of likely impacts and of proposed enhancement measures must be determined by local people 
themselves, otherwise such decisions would have no legitimacy. It is essential that local communities have sufficient 
time and resources to be able to deliberate about the likely social impacts that will be experienced. This necessitates 
the time and resources to identify, to learn about, and consider or reflect upon the likely changes. Since first reactions 
are likely to be different to considered responses, time is needed to ensure that the learning process and deliberation 
can take place. Since individuals in a given location will rarely be unanimous on their view on things, time is also 
needed to allow a community to consider its aggregated response in its own culturally-appropriate way. 

Such deliberativeness is necessary for community approval to qualify as being free, prior and informed consent (FPIC). 
According all communities (non-Indigenous as well as Indigenous) with the power to provide or withhold broad-based 
consent (i.e. akin to FPIC) is international best practice and demonstrates respect to local communities. Without 
participatory and deliberative processes, it would be impossible for a project to claim it had such support or a social 
licence to operate.
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A future vision for local communities needs to be made by local people themselves in a deliberative way. It is 
important that there be a future vision because the acceptability of projects and of the impacts and benefits they 
create is linked to perceptions about the future and whether a project is consistent with that image or not. Where 
there is no articulated future vision, people will in any case have a self-image (sometimes consciously held and 
sometimes sub-conscious) of their desired future. Without negotiation of the future vision and a discussion of 
strategies to plan to achieve that vision, it will be extremely unlikely that it will be reached. Also, individuals in a 
location will hold different conceptions of the future, thus a process for negotiating the various ideas will be needed 
to arrive at a broadly-endorsed vision. 

Participatory processes are also needed to assist people in preparing for and coping with change. When change is 
imposed it will often be resisted and may be regarded negatively. Conversely, when change is negotiated and considered 
acceptable, it will be tolerated and maybe viewed positively. Thus, whether a change is considered as a negative impact 
or not, often has to do with the legitimacy of the process that brought about the change. However, even changes 
that are accepted can still create negative impacts and harm. A participatory process will assist in identifying coping 
strategies, in correcting misinformation and prejudices, and in identifying acceptable mitigation strategies. 

Participatory processes can also be important in terms of creating positive situations in which local people are willing 
to contribute information that might be of use to project developers. This information can include local knowledge 
that may be profoundly useful (and valuable) to project staff in terms of understanding the local environment and site 
characteristics. This is especially the case in developing countries where official data sources may be limited. Having 
local knowledge about the likelihood, frequency and severity of flooding, hail, storm events, and flood peaks, as well 
as the locations of frequent lightning strikes, etc, could lead to considerable cost-savings to the project where this 
information is taken into consideration. However, without a positive, respectful situation, why would local people 
make the effort to offer this information?

During the SIA consultation processes, SIA consultants have the opportunity to start engaging with communities 
regarding their expectations about ongoing community relations, grievance mechanisms, mitigation measures, and 
their potential contribution to the monitoring of social impacts. Recommendations made by the SIA practitioners 
based on this community input should be considered when these aspects are further developed. Process is just as 
important as outcome, and an inclusive, participatory process can be key to successful implementation.

While evaluations of planned interventions around the world reveal that successful interventions are ones in which 
there has been considerable participation, it should be noted that participation is not a universal panacea and cannot 
guarantee success of the SIA or of the project. There may well be unresolvable conflict due to the way in which a 
planned intervention divides a community into winners and losers, or because of background tensions that preceded 
the current intervention. An understanding of the local history is essential, especially in relation to latent conflict. It 
can also not be assumed that, even if a participatory process is made available, local people will choose to participate. 
Whatever the intention of the project staff, local people may not think it is not a sincere or genuine process, they 
may not feel that their views will be taken seriously and thus not worth their effort, or they may not feel it is 
worthwhile or necessary. In societies without a culture of participation, special efforts may be needed to encourage 
people to participate and facilitation in how to participate could also be required, especially for vulnerable groups 
in disadvantaged positions. Participatory processes must be available to all. To ensure inclusivity, it is necessary to 
devise ways to include vulnerable groups and the worst-off members of society.

Task 7: Identify the social and human rights issues that have potential to be of concern (i.e. scoping).

Scoping can be defined as the process of identifying the main issues of concern as well as determining the interested 
and affected parties (refer to Task 4) for a particular planned intervention. It is a preliminary process that produces 
an interim list of issues to be considered that are later properly assessed (Task 9). The reason for the two stage 
process is to ensure transparency and inclusivity, especially because it is usually not immediately obvious what the 
social impacts might be. This two stage process also allows for modification to the timeframe and costing of the SIA, 
especially if anything unexpected might arise during the scoping process. Scoping is an open, ongoing process that 
responds to information. Inputs to scoping (i.e. suggestions of impacts to consider) should come from a range of 
sources including a desktop review of similar cases elsewhere, expert judgement, and most importantly suggestions 
from local people. The initial interviews done as part of the profiling process can provide ideas which can be a good 
starting point. However, undertaking community-based workshops to generate input for the scoping process is a 
good idea. The scale and location of these workshops should, of course, be responsive to the context. For example, 
in communities where it is not considered appropriate for women to speak publicly, separate meetings with women 
may be necessary to ensure that any issues or potential impacts they have are able to be recorded an included in the 
scoping process.
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Undertaking a mindmapping 
process is useful in the 
scoping process.

It is essential to be very open in the scoping process to ensure that all possible impacts are considered. 
The assessment that comes later (Task 9) is where the actual determination of the likely impacts is undertaken. 
To ensure that all likely impacts are identified, it is necessary that all possible impacts are included in the scoping 
process. It is important that the scoping process is undertaken for each of the major activities comprising the 
overall project (see Task 1). For example, the impacts of a mine may include the impacts on people living in 
communities along the railway line to the port hundreds of kilometres away from the pit. In many developing 
countries, the railway lines go right through the middle of villages, with people frequently crossing the tracks, 
and often children playing on the tracks (see Box 8).

Figure 6: Examples of mindmaps

Source: University of Groningen students (used with permission)
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BOX 8: A Case Study for Reflection

A mining company planning on constructing a new mine  in a certain developing country plans to build a railway line 
to transport ore to the nearest port several hundred kilometres away. The railway line will be part new construction 
(greenfield) and will also utilise an existing railway line that traverses a densely populated area and many townships. 
Partly in response to government control to ensure rationalisation of infrastructure development and partly as result 
of the company’s commitment to benefit enhancement, large sections of the railway line will not be used exclusively 
by ore trains – other trains with general freight, fuel, and passengers will also utilise the railway line. While this is a 
benefit, it also means that the total volume of train traffic will be perhaps twice the number of ore trains. Should this 
be included in the impact assessment for the mine?

Some people in trackside communities are worried about dust coming off the ore wagons. This is a legitimate 
concern. The ore wagons are uncovered, however a dust suppressant will be applied. They are unsure whether the 
dust suppressant will be properly applied, and whether it will last the distance especially in the harsh conditions with 
high temperatures and heavy downpours. Investigative research suggests that dust emissions are less of a health risk 
than the diesel fumes from the locomotives, and negligible in relation to the myriad of other sources of hazard and 
dust people in the trackside communities are exposed to. Nevertheless, despite the expert evidence, the local people 
are not convinced, and it remains one of their concerns. Is it a social impact?

There is also concern about the fact that some trains will carry dynamite for the mine and fuel wagons for the mine 
and communities along the railway line. While this presents a risk, the risk is much lower when these goods are 
carried as railway freight than when they are carried by road on semi-trailers or trucks. The biggest risk posed is to 
the people in the communities with the existing railway line, which will see track usage increase from one train per 
day with an average wait time to cross of 5 minutes or less to more than one train per hour with an average wait time 
of 15 minutes or so. This will create disruption to daily living, noise nuisance, and the risk of accidents.

Figure 7: In many developing countries, houses can be very close to train tracks

Source: Wikipedia, creative commons license
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44 Guidance for assessing and managing the social impacts of projects

Task 8: Collate relevant baseline data for key social issues.

The community profile (see Task 4) and baseline data are related but different concepts. The profile is a rich, 
qualitative description of the affected communities including a discussion of trends and issues. The baseline is a 
carefully-selected set of social indicators (social variables) with accompanying quantitative data for the specified 
communities. The baseline refers to a point of comparison – in other words, to the data (social indicators) about the 
affected communities that will be used as the reference data against which to measure the impacts of the project 
as it develops, and/or to determine the adequacy or otherwise of existing facilities. Ideally the data should be from 
the pre-impact state, but this is not always possible. The baseline data needs to cover all the relevant issues, not just 
things for which data are easily available. Thus, careful determination of the social issues that will be included in the 
baseline is necessary. For each of the key social issues, an appropriate variable will need to be determined and 
data collected.

While for some variables baseline data might be able to be extracted from pre-existing data (e.g. secondary data 
such as census data, etc), for most variables existing data will not be available or will be at the wrong scale, or will be 
too dated to be of much use. Thus adequate baseline reports require considerable effort in identifying critical issues, 
determining appropriate variables, and data collection. 

The baseline data is an indication of the pre-existing state. In addition to baseline data, for each indicator of a social 
impact identified as potentially significant, an appropriate benchmark and target value will need to be determined. 
The benchmark value refers to an external point of comparison, such as an international standard (such as a World 
Health Organisation recommendation), industry norm, or a similar situation elsewhere such as a partner site or 
competitor. Once a benchmark is determined, a target value can be set. The target refers to what is hoped to be 
achieved at the project site. Sometimes the target might be equivalent to the benchmark value, however a different 
target can also be set depending on the context. For example, a company that wants to be a world leader might set 
a more stringent value for the target. Alternatively, when it is known that it is likely to be impossible to achieve the 
benchmark, a lower target might be set. An example of this might be the number of medical doctors (physicians) 
per 10,000 head of population. In many rural areas, it may not be realistic to expect the same number as the 
average in urban areas. 
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45 Guidance for assessing and managing the social impacts of projects

PHASE 2: PREDICT, ANALYSE AND ASSESS THE LIKELY IMPACT PATHWAYS

Task 9: Through analysis, determine the social changes and impacts that will likely result from the 
project and its various alternatives.

The scoping process (Task 7) provides an initial list of issues for the SIA practitioner to investigate. This is where the 
actual studies are undertaken to determine what is really likely to happen and whether a perceived impact will actually 
eventuate. It needs to be an open process allowing new issues to be added to the list of matters to be considered. 
It also needs to cross-reference with the other impact studies being undertaken. For example, the EIA might reveal 
changes to the physical environment or to the provision of ecosystem services that did not arise in the scoping process. 
A key issue is that many projects apply for initial regulatory approval for a small operation even though there may be 
expansion plans being prepared. The assessment of impacts needs to consider reasonably foreseeable expansion of 
the proposed project, as well as other projects and support industries that may also develop. 

Some potential impacts may be genuine concerns of local people (perceived impacts). On investigation, it may turn 
out that some of these concerns are not likely to eventuate. While these issues are concerns of local people, they 
will still affect the way these people relate to the project and will affect their feelings and behaviour. Thus careful 
engagement needs to occur to ensure that the people who hold these concerns feel that their concerns have been 
seriously considered. The important concept is that their concerns are legitimate social impacts even if not supported 
by technical analysis. Where SIA is seen as the process of managing social issues, the SIA team can identify concerns 
and work with local people to address these concerns. 

Task 10: Carefully consider the indirect (or second and higher order) impacts.

In addition to the direct impacts, the indirect, second and higher order impacts also need to be considered and 
analysed. Careful attention needs to be given to thinking what these may be, especially because they may at first 
not be obvious. The mindmapping process (see Task 7) can help in thinking about the impact pathways, but in the 
analysis component of the SIA (Tasks 9, 10, 11), these impact pathways needs to be substantiated through analysis. 
As the analysis is ex-ante, i.e. a prospective assessment of what might happen, analysis does not necessarily comprise 
collecting and analysing data; instead it requires a comparison with experiences elsewhere, having experts input into 
scenario analyses and the use of reasoned thinking. Figure 8 is a good model to assist in reasoned thinking about 
indirect impacts and impact pathways.

Figure 8: Model for thinking about indirect impacts and impact pathways

Source: modified from Slootweg, R., Vanclay, F. & van Schooten, M. 2001 Function evaluation as a framework for 
the integration of social and environmental impact assessment. Impact Assessment & Project Appraisal 19(1), 19-28. 
http://dx.doi.org/10.3152/147154601781767186
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46 Guidance for assessing and managing the social impacts of projects

In Figure 8, each major activity comprising the project is considered in turn. The path to the experience of social 
impacts may be directly via a social change process, or it might be through a change to the biophysical environment, 
such as environmental pollution. The invoked arrow refers to the way people will likely respond to the experience of 
an impact and to what social changes processes will then occur, thus causing further impacts. A social change process 
can also lead to environmental changes which then cause more social impacts. And so it goes on. 

One important issue to consider is project-induced in-migration, sometimes called the ‘honeypot effect’ or influx. 
In addition to those workers directly recruited by project staff and brought to the project site, large projects tend 
to attract many other people seeking economic opportunities such as jobs with the project or to provide a range of 
goods and services to the project and its employees. Depending on the situation, this can considerably increase the 
number of people who actually move into an area and the extent of impacts experienced by the host community.

For more information, refer to: 

IFC 2009 Projects and People: A Handbook for Addressing Project-Induced In-migration. Washington, DC: 
International Finance Corporation. http://commdev.org/files/2545_file_Influx.pdf

Vanclay, F. 2002 Conceptualising social impacts. Environmental Impact Assessment Review 22(3), 183-211. 
http://dx.doi.org/10.1016/S0195-9255(01)00105-6

Task 11: Consider how the project will contribute to the cumulative impacts being experienced 
by the host communities.

It is important to consider not only the direct and indirect impacts of the current project, but also to consider 
how the project will contribute to other impacts being experienced by the host community. All impacts have 
a cumulative dimension. Every impact will be experienced differently depending on the current state of the 
socio-environmental system; impacts may aggregate (or disaggregate) over time or space and interact to produce  
new impacts. Impacts may aggregate and interact as a result of actions within and between projects, and from 
past and future activities. Socio-environmental systems respond to impacts through feedback or governance 
processes (see Figure 9).

Figure 9: Cumulative impacts

Source: Franks, D., Brereton, D. & Moran, C.J. 2013 The cumulative dimensions of impact in resource regions. 
Resources Policy 38(4), 640-647. http://dx.doi.org/10.1016/j.resourpol.2013.07.002 (used with permission)
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47 Guidance for assessing and managing the social impacts of projects

The cumulative dimensions of an impact cannot be properly understood or managed by solely focusing on the 
activities of an individual project or development. An understanding of the socio-environmental system is needed, 
which will necessarily require some form of prioritisation to consider those issues of most significance. Integrative 
concepts such as sustainable livelihoods, ecosystem services, and social development can help to uncover the links 
and interactions between impacts. 

The assessment and management of cumulative impacts can be aided by:

•  understanding the processes of impact causation (through methods such as impact pathway analysis) 
from the perspective of the people and environments experiencing impact;

• understanding trends, particularly in baseline studies to capture the cumulative impacts of past activities;

• consideration of associated facilities, and past, present and foreseeable future activities;

• forecasting and scenario analysis.

Any proposed management strategies will need to respond to the scale of the system in which the impacts are 
occurring. Coordination and collaboration with other contributors of impact can assist in addressing priority impacts. 
Examples of collaboration include multi-stakeholder monitoring, information exchange, networking, strategic 
planning or collective management of data.

For more information, refer to: 

IFC 2013 Good Practice Handbook on Cumulative Impact Assessment and Management: Guidance for the Private 
Sector in Emerging Markets. Washington, DC: International Finance Corporation. http://www.ifc.org/wps/
wcm/connect/topics_ext_content/ifc_external_corporate_site/ifc+sustainability/learning+and+adapting/
knowledge+products/publications/publications_handbook_cumulativeimpactassessment 

Franks, D.M. et al. 2010 Cumulative Impacts: A Good Practice Guide for the Australian Coal Mining Industry. 
Brisbane: Centre for Social Responsibility in Mining. http://www.csrm.uq.edu.au/docs/CSRM%20SMI%20Good%20
Practice%20Guide%20document%20LR.PDF 

Task 12: Determine how the various affected groups and communities will likely respond.

Whereas Task 9 was about identifying the likely social impacts that will be experienced, here consideration is given to 
how the various stakeholder groups will likely respond to those impacts. Because the different groups of people will 
be affected in different ways, they will likely respond in differing ways to those impacts. For example, for a proposed 
new mine in an area of southern Africa dominated by game farming and tourism, it would be quite likely that the local 
general population would be largely in favour of the mine because of new job opportunities created in an area where 
unemployment is high. However, the (rich) landowners may well be opposed to the mine because they will experience 
visual and landscape impacts, and consequent changes in the regional identity and their sense of place. The mine is 
also likely to have a negative impact on tourism in the area, which may affect the income of the game farm operators. 
Therefore, unless effort is made to engage the game farm operators, they may use their social and political capital to 
obstruct the project. 

Another example concerns a rural electrification scheme. Even if it was being done with good intent to supply power 
to households that currently do not have access to electricity, organised local opposition to the project could occur 
if, for example, there was a feeling that local people should be employed on the project. This example shows that 
a development project can’t always assume it will automatically have a social licence to operate just because it 
ostensibly is bringing benefits.

Understanding the social response is necessary partly to determine the risk to the project, but also to consider 
what the indirect (second and higher order) impacts might be. For example, in one case a development was planned 
which would destroy land of high cultural significance to the local Indigenous group. It was therefore expected 
that there would be some local opposition, however the project developers thought they could provide sufficient 
benefits to compensate for this and win approval. What they did not count on was the fact that the local traditional 
healers (shamans, sangomas) were strongly opposed to the destruction of the site, and they forbade anybody from 
the local tribal group to work on the project, and they cursed the project suggesting that it would be very prone to 
fatal accidents. This meant that no local people went to work for the project, resulting in few benefits to the local 
community. The project had to import workers from outside the region, which led to considerable tension between 
the workers and the local people. The presence of the imported workforce led to a range of other impacts on the 
local community making them much more worse-off than they were before. Continued protests by the local tribe 
eventually drew international attention and condemnation of the company for alleged human rights abuse.
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48 Guidance for assessing and managing the social impacts of projects

There are many possible responses individuals and communities might take in reaction to a particular impact, 
depending on the way they experience the impact and whether or not they consider it to be fair and reasonable. 
Responses can range from acceptance and/or adaptation of their life to accommodate the changed situation to 
vigorous objection and protest. Sometimes, people’s daily activities might change in ways that lead to more impacts.

BOX 9: Social impacts of a major dam project in the mountains 

In the case of a major water project comprising several large dams, although initially there were positive perceptions 
of the project by local people, in the project’s later stages much opposition arose due to the negative impacts they 
began to experience. Local people considered that many of the promised benefits had not eventuated. Some training 
programs were so poorly managed that, even though they were intended to help local people get jobs on the project, 
they were provided far too late in the life of the project and/or did not teach the skills that the project needed. 
Another complaint was that too much compensation was in the form of replacement food and cash, and consequently 
many people did not have meaningful things to do with their lives. Thus, even though they had been financially 
compensated for lost income and disrupted livelihoods, to maintain some sense of normality, some people tried to 
continue their normal day-to-day activities, but these were now negatively affected by the water bodies and access 
roads, etc. The alpine livestock herders complained that their work was harder now. The dams had drowned the valley 
floors which were used by them as winter pastures (when they could not be high up on the mountains). The loss of 
these winter grazing lands as well as the submerging of caves they used for shelter during particularly cold weather 
meant that their livestock did not gain as much weight and their work was less pleasant. They also experienced 
a sense of sadness because of the changing landscape. The loss of land and associated vegetation also led to an 
unconsidered social impact – traditional healers complained that they had lost access to their medicinal plants making 
it harder for them to practice. Another issue emerged. Although anticipated, people did not fully comprehend the 
implications of the inundation. Previously neighbouring villages now became divided by the reservoirs, resulting in 
villagers no longer being able to see their relatives, attend to their fields, or conduct business across the valley as they 
had done before.

Figure 10: Mountain livestock herder

Source: Michael Williams, Flikr creative commons copyright 
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Figure 11: Risk assessment framework.

Task 13: Establish the significance of the predicted changes (i.e. prioritise them). 

After all the impacts have been assessed, it is then necessary to prioritise them for action. In impact assessment 
speak, this is called ‘establishing significance’, ‘significance assessment’ or ‘significance determination’. In effect, 
criteria for establishing significance need to be determined and each impact rated (or ranked) on the basis of those 
criteria. There are several methods that can be used to do this. While Multi-Criteria Analysis is frequently used, it is 
also possible to use a risk assessment methodology. This has the advantage of being in a language that companies are 
used to. Typically this involves assigning a consequence score and a likelihood score for each risk (or potential impact) 
(see Figure 11). In industry usage, the risks are commonly assessed from the perspective of risk to the business 
(business risk), but there is no reason why the approach cannot be used as a way of assessing the potential impacts to 
the community (social and environmental risk). In fact, several risk assessments can be made, for example from the 
perspective of each of the stakeholder groups. The assignment of risk can also be done in a workshop environment 
with the stakeholders themselves making the assessment.

In formal risk assessment, empirical (quantitative) measures are usually used to determine the actual assignment 
of likelihood and consequence. However, this can also be done subjectively by a group of people considering each 
issue, and seeking more information when there is high uncertainty.

While risk rating is a way of determining significance and establishing priorities for action, it should be noted 
that even small things can affect the way some people in the local communities feel about a project. 
Sometimes the small things that are insignificant in risk analysis terms can be easily addressed, so the 
risk rating (significance determination) should not be the only determination of whether action is taken.

For more information, refer to: 

Mahmoudi, H. et al. 2013 A framework for combining Social Impact Assessment and Risk Assessment. 
Environmental Impact Assessment Review 43, 1-8. http://dx.doi.org/10.1016/j.eiar.2013.05.003

Maxwell, S. et al. 2012 Social Impacts and Wellbeing: Multi-criteria analysis techniques for integrating nonmonetary 
evidence in valuation and appraisal. London: Defra https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/69481/pb13695-paper5-socialimpacts-wellbeing.pdf 

Rowan, M. 2009 Refining the attribution of significance in social impact assessment. Impact Assessment & Project 
Appraisal 27(3), 185-191. http://dx.doi.org/10.3152/146155109X467588 

UK Department for Communities and Local Government 2009 Multi-Criteria Analysis: A Manual. 
http://www.communities.gov.uk/publications/corporate/multicriteriaanalysismanual 

Consequence Level

1 2 3 4 5

Likelihood Level Descriptor Insignificant Minor Moderate Major Catastrophic

A Almost certain A1 A2 A3 A4 A5

B Likely B1 B2 B3 B4 B5

C Possible C1 C2 C3 C4 C5

D Unlikely D1 D2 D3 D4 D5

E Rare E1 E2 E3 E4 E5

Risk Rating Low Moderate High Extreme■ ■ ■ ■ 
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Task 14: Actively contribute to the design and evaluation of project alternatives including no go 
and other options.

The SIA practitioner should discuss all potential project alternatives with the affected communities, including the 
‘no go’ option. To ensure that the positive and negative impacts of each alternative are discussed and understood by 
communities, the SIA practitioner may need to provide some guidance. Ideally, communities should be encouraged to 
contribute their own project alternatives and suggestions. Communities may not always understand the technicalities 
of a project, and the SIA practitioner or other project staff may need to explain this in a non-technical manner to 
ensure communities can make informed decisions. Visual aids such as maps, pictures and models can be used to 
explain different alternatives.

Where the SIA has identified that the project will cause serious harm to a community which cannot be mitigated 
or will lead to community conflict, they have a duty of care to inform the project proponent and request that the 
project’s feasibility be re-assessed and/or the project be redesigned or cancelled.
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PHASE 3: DEVELOP AND IMPLEMENT STRATEGIES

Task 15: Identify ways of addressing potential negative impacts (by using the mitigation hierarchy).

Figure 12: Mountain livestock herder

Source: modified from João, E., Vanclay, F. & den Broeder, L. 2011 Emphasising enhancement 
in all forms of impact assessment. Impact Assessment & Project Appraisal 29(3), 170-180. 
http://dx.doi.org/10.3152/146155111X12959673796326

There are different forms mitigation can take (see Figure 12). Many social impacts can be mitigated by design. 
Reducing the height of a dam wall, for example, will reduce the area flooded which may mean that the number 
of people displaced will be reduced. Relocation and displacement are perhaps the cause of the most severe social 
impacts. Deciding to proceed with a series of small dams, rather than a single large dam, can considerably reduce 
impacts. The precise location of the siting of a dam, a bridge, or the routing of a road, railway line, pipeline or power 
lines can be very important in terms of the extent of social impacts created or mitigated. A few hundred metres can 
result in a huge difference to vibration and noise levels, as well as to aesthetics. Changing the height of the dam wall 
by ten or so metres can make a huge difference to the area inundated. 

Participation can also be conceived as a mitigation strategy that can prevent or reduce negative social impacts. 
It leads to an awareness of a planned intervention, and therefore a loss of fear or uncertainty. When people feel 
that they have been involved, they are likely to accept some of the social impacts because they accept that the 
intervention is necessary for the common good. But not to consult them about issues that will affect their lives 
will cause anger and resentment. Sometimes, when there has been a history of change or uncertainty, people 
may be angry. Participatory processes will then tap into this hostility while people vent their anger. In these 
circumstances, the participatory process needs to allow this anger to be vented, and then to rebuild the relationship 
with the community to go beyond the expression of anger. This, of course, takes time. Not to go through that 
process potentially increases the social impacts because of the realisation of this anger. Impacts can be avoided by 
anticipation of potential conflict, and by preparedness for dispute management. Sometimes a degree of negotiation 
and trade-off is necessary. When successful participation processes are in place, these negotiated outcomes will be 
adhered to. Obviously, it is important that companies and project staff do not renege on agreements. This requires a 
degree of monitoring of project staff to ensure compliance with set standards for practice, such as hours of operation, 
noise levels, and non-interaction with locals where applicable.

1. Avoid

3. Repair

2. Reduce

4. Compensate in kind

5. Compensate by other means

•  Making changes to the project or plan (or potential 
location) to avoid adverse effects. This is the most 
acceptable form of mitigation.

•  Where avoidance is not possible, adverse effects can be 
reduced during design, construction or decommissioning.

•  Where adverse effects cannot be reduced further, measures 
can be introduced to limit their influence by restoring, 
rehabilitating or remediating the affected environment.

•  Where new benefits are not possible, and there are 
still residual impacts, it may be appropriate to provide 
compensatory measures that attempt to offset the adverse 
effect with a comparable positive one.

•  Where compensate in kind is not possible then, as a 
last resource, attempt can be made to compensate by 
other means.
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Good processes reduce impacts, both participatory processes and also institutional processes. Clear lines of 
responsibility and good information flows facilitate the process. Most important to the success of the SIA process, 
however, is guaranteed independence of the SIA team so that they can report without fear of repercussions. 
Only then will all impacts be identified, and potentially mitigated.

There are many design features of a project that can be considered that might reduce impacts. Normally, maximising 
the employment of local people reduces impacts and maximises benefits. This should be facilitated by providing 
training programs so that local people can be employed even where they might not otherwise have the required 
skills. In some cases, the best mitigation strategy may differ depending on the context. For example, when there is 
an imported workforce that will be substantially culturally different than the local community, it might be better to 
maintain separation between locals and newcomers, while in other cases, integration is usually preferable. 

Task 16: Develop and implement ways of enhancing benefits and project-related opportunities.

Communities don’t want only harm minimisation, they want to benefit from projects. No matter how well-designed 
projects are, there will nearly always be residual impacts on people, who will also experience changes in their lives 
and in their communities, especially in terms of their sense of place. Therefore, for companies to earn their social 
licence to operate, as well as ensuring that the livelihoods of any economically or physically displaced persons will be 
fully restored and preferably enhanced, they will need to provide a range of additional benefits to local communities. 
There are six types of ways by which a company can contribute to local communities: social investment funding; 
local content (local employment and local procurement opportunities); shared infrastructure; capacity building; 
facilitating or supporting community initiatives; and in certain circumstances the payment of royalties or levies to 
local authorities and/or local landowners. Note that taxes are not included here because they are usually paid to 
the national government and they are a normal requirement of company operation rather than being an additional 
benefit. Ideally all projects should undertake a mix of activities across these six types.

In many industries (notably mining), there is an industry convention that there should be a percentage of profit made 
available to local communities in the form of strategic social investment and as part of the project contributing to 
shared value and maintaining a social licence to operate. One mine in an African country, for example, has pledged 
$1 per ounce of gold produced plus 1% of pre-tax profit. To be regarded as social investment, this money must 
be in addition to any royalties or compensation to which the local community may be entitled. Social investment 
contributions can be in the form of: contributions to a community-managed social investment fund; investment in 
community infrastructure such as schools, hospitals, etc; and/or in the provision of credit (especially microfinance) 
to enable local people to borrow money, perhaps to establish businesses so that they can be suppliers to the project. 
Of the monies paid to a social investment fund, the managing committee of that fund may decide to spend those 
funds immediately (e.g. on community infrastructure), or may decide to invest it for the future. There are many issues 
with social investment funding, including: who are the beneficiaries; who decides what the money is used for; how 
investments decisions are made; and what the governance arrangements are. Care needs to be taken to ensure that 
the social investment funding does not exacerbate existing inequalities, is not a source of conflict in the community, 
and that the money is spent wisely and sustainably rather than on short-term ingratiation. 

Local content refers to a company taking specific measures to enhance the amount of economic benefit that is 
experienced locally. It includes ensuring that jobs are available to people from the local community as well as making 
arrangements to ensure that local businesses (SMEs) can be suppliers of goods and services to the project. Thus, 
local procurement refers to ensuring that local firms are not artificially excluded from supplying the project by 
lack of visibility on opportunities and onerous tendering specifications, and to the project having capacity building 
arrangements to assist local firms to meet any necessary requirements. 

Shared infrastructure refers to any actions that can be taken at the project site and with ancillary activities to 
enhance the benefits experienced by the local population. Whereas a project modification to reduce a negative 
impact is a mitigation measure, projects can also be modified to enhance benefits. Enhancement can take on many 
forms but typically is about how infrastructure used for the project might also be made available to assist nearby 
affected communities. There are many ways in which project infrastructure can also benefit local communities. 
Water treatment plants, electricity generation plants and other utilities that are built to supply the project can also 
be used to supply nearby local communities. Roads and bridges that are built for the project can also be used by local 
communities. Project enhancement may imply that some additional spend is required.
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Capacity building refers to establishing training programs and facilitation processes that can build the skills of local 
people. This can help them get jobs in the project or to supply goods and services to the project. However it can also 
be to enhance the capacity of people generally and to supply goods and services for the whole community. It might 
be to train staff so that they have a range of skills which they can use when the project finishes. Sometimes workers 
employed on short-term contracts for the construction phase of a project are disappointed and annoyed when 
their employment is terminated at the end of the construction phase, especially when they may see other people 
keep their jobs. Their concern is legitimate, especially if their previous livelihoods are no longer possible. In such 
a situation, the company should assist the affected individuals to develop skills to assist in their post-construction 
employment options. Where the communities have been victims of conflict or a natural disaster, facilitating 
post-traumatic stress disorder counselling or post conflict management courses will be desirable. The actions of 
the company need to be done in close discussion with the local community so that they are wanted by the local 
community and that the company is not seen as patronising or parochial. 

For more information, refer to: 

ICMM 2012 Community Development Toolkit http://www.icmm.com/community-development-toolkit

Rowan, M. & Streather, T. 2011 Converting project risks to development opportunities through SIA enhancement 
measures: A practitioner perspective. Impact Assessment & Project Appraisal 29(3), 217-230.  
http://dx.doi.org/10.3152/146155111X12959673796164 

Task 17: Develop strategies to support communities in coping with change.

At all times, an awareness of the significance of social issues, and a sensitivity to them is required. This is necessary 
not only by SIA staff, but also by the EIA team and project staff. It goes without saying that the SIA should only be 
undertaken by appropriately qualified social specialists (anthropologists, community psychologists, geographers, 
sociologists, social workers, health practitioners, etc) who have training in SIA. Sometimes spiritual or religious 
impacts may be severe, but such topics may be taboo or sensitive matters to talk about, especially with strangers. 
Here, developing the confidence of community leaders (the village priest, medical practitioner or other local 
professional or dignitary) can be important. In dam projects, for example, while resettlement of people has many 
social impacts, greater concern can exist about deceased ancestors and their graves. If cemeteries are to be relocated 
and bodies re-interred, considerable distress can be caused to villagers during this process. This situation needs to be 
dealt with sensitively and in negotiation with local people. The active creation of rituals or festivals to remember the 
past, and to celebrate the new, is desirable. Rituals and festivals are important social processes that allow people to 
deal with issues that affect their lives. Supporting the creation and holding of such festivals by local communities is 
one of the coping strategies that can be developed to assist in the change management process.

For more information, refer to:

Magis, K. 2010 Community resilience: An indicator of social sustainability. Society & Natural Resources 23(5), 401-416. 
http://dx.doi.org/10.1080/08941920903305674 

Maclean, K., Cuthill, M. & Ross, H. 2013 Six attributes of social resilience. Journal of Environmental Planning and 
Management 57(1), 144-156. http://dx.doi.org/10.1080/09640568.2013.763774 
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Task 18: Develop and implement appropriate feedback and grievance mechanisms.

Good practice in social performance and SIA always required the implementation of feedback mechanisms 
to enable stakeholders to provide input to the SIA and raise their concerns about the project. Participatory 
processes are critical to effective SIA and are used in almost all SIA steps (see Task 6 and earlier sections of this 
document). However, having a formal grievance mechanism provides an additional back-up procedure to ensure 
that rights-holders have access to remedy. Apart from signalling that the project is compliant with its human rights 
responsibilities, a genuine commitment to the proper functioning of grievance mechanisms will build trust, maintain 
and grow the project’s social licence to operate, reduce harm in the community, and reduce business risk.

Ideally, projects should have a culture of openness and accessibility. Community liaison staff should have a good 
relationship with project-affected communities, and people should be able to easily raise their concerns. However, 
no matter how accessible a liaison officer might think they are, there can always be some members of local 
communities who feel that they do not have access, or that they were not being taken seriously. For this reason, 
it is important that there be a variety of feedback mechanisms in place, and that formal grievance mechanisms 
are established from early in the life of the project. Different grievance mechanisms may be needed for different 
stakeholder groups, particularly for workers and for impacted communities.

Although a good idea and arguably should have been a stronger part of social performance practice in the past, 
grievance mechanisms have attracted considerable attention particularly since the passing of the United Nations 
Guiding Principles on Business and Human Rights in 2011. The third pillar in the ‘protect, respect and remedy’ 
framework is that people must have adequate access to remedy. In fact, access to remedy is considered to be a 
human right in itself. The UNGP encourages the use of non-judicial means of dispute resolution, but also requires 
that judicial means are available.

A community grievance mechanism (CGM) can be considered to be a locally-based, formalized way to accept, assess, 
and address complaints from members of nearby communities concerning the performance or behaviour of the 
project/company, its contractors and employees. A ‘grievance’ is defined by the UNGP as “a perceived injustice 
evoking an individual’s or a group’s sense of entitlement, which may be based on law, contract, explicit or implicit 
promises, customary practice, or general notions of fairness of aggrieved communities”. In effect, a grievance is any 
perceived or actual issue, concern, problem, or claim that an individual or community group wants a company or 
contractor to resolve. 

Sometimes a distinction is made between concerns or issues, and grievances. Concerns or issues are less significant 
matters such as questions, requests for information, or general perceptions that may or may not be related to a 
specific impact or incident. If not addressed to the satisfaction of the person or group lodging it, concerns may 
well become complaints, and will lead to a loss in the project’s social licence to operate. Concerns do not have to 
be registered as formal complaints, however they should be noted in an appropriate management system so that 
emerging trends can be identified and addressed through community engagement before they escalate. Complaints 
or grievances refer to allegations of specific incidents and of any damage, impact or dissatisfaction resulting from 
company or contractor actions, whether perceived or actual. 

Grievance mechanisms typically follow the steps indicated in Figure 13. For the mechanism to work effectively, the 
procedure must be known to the potential complainants, and the process must be regarded as being legitimate to 
them. Principle 31 of the UNGP identified several criteria that apply to grievance mechanisms (see Box 10).

Over time, there should be some assessment of how effective the grievance procedure was. Not having any 
grievances is generally a bad sign because it is more likely to mean that the community had no faith that lodging 
a grievance would lead to any action, or that they did not know such a procedure existed, than meaning that the 
project was free of any concerns. All projects will generally create some concerns and it would be better to see how 
a project dealt with concerns than pretend it did not have any. Looking at the clear-up rate and the how satisfied 
complainants were with the procedure would be a better indicator of the effectiveness of the mechanism.
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Figure 13: Steps in processing a grievance

Source:  IPIECA 2015 Community Grievance Mechanisms in the Oil and Gas Industry. A Manual for 
implementing operational-level Grievance Mechanisms and designing Corporate Frameworks 
http://www.ipieca.org/sites/default/files/publications/Community_grievance_mechanisms_manual_2015.pdf 
(used with permission).
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BOX 10: Effectiveness criteria for non-judicial grievance mechanism 

(a)  Legitimate: enabling trust from the stakeholder groups for whose use they are intended, and being accountable 
for the fair conduct of grievance processes;

(b)  Accessible: being known to all stakeholder groups for whose use they are intended, and providing adequate 
assistance for those who may face particular barriers to access;

(c)  Predictable: providing a clear and known procedure with an indicative time frame for each stage, and clarity on 
the types of process and outcome available and means of monitoring implementation;

(d)  Equitable: seeking to ensure that aggrieved parties have reasonable access to sources of information, 
advice and expertise necessary to engage in a grievance process on fair, informed and respectful terms;

(e)  Transparent: keeping parties to a grievance informed about its progress, and providing sufficient 
information about the mechanism’s performance to build confidence in its effectiveness and meet any 
public interest at stake;

(f)  Rights-compatible: ensuring that outcomes and remedies accord with internationally recognized 
human rights;

(g)  A source of continuous learning: drawing on relevant measures to identify lessons for improving the mechanism 
and preventing future grievances and harms;

Operational-level mechanisms should also be:

(h) Based on engagement and dialogue: consulting the stakeholder groups for whose use they are intended on 
their design and performance, and focusing on dialogue as the means to address and resolve grievances.

Source: Principle 31 in United Nations 2011 Guiding Principles on Business and Human Rights. 
http://www.ohchr.org/Documents/Publications/GuidingPrinciplesBusinessHR_EN.pdf
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For more information, refer to:

IFC 2009 Good Practice Note: Addressing Grievances from Project-Affected Communities. Washington: IFC. 
http://www.ifc.org/wps/wcm/connect/cbe7b18048855348ae6cfe6a6515bb18/IFC%2BGrievance%2BMechanisms.
pdf?MOD=AJPERES&CACHEID=cbe7b18048855348ae6cfe6a6515bb18 

IPIECA 2015 Community Grievance Mechanisms in the Oil and Gas Industry. A Manual for implementing operational-
level Grievance Mechanisms and designing Corporate Frameworks http://www.ipieca.org/sites/default/files/
publications/Community_grievance_mechanisms_manual_2015.pdf 

Office of the Compliance Advisor/Ombudsman 2008. A Guide to Designing and Implementing Grievance Mechanisms 
for Development Projects. Washington, DC: IFC. http://www.cao-ombudsman.org/howwework/advisor/documents/
implemgrieveng.pdf 

Rees, C. 2008 Rights-Compatible Grievance Mechanisms: A Guidance Tool for Companies and Their Stakeholders. 
Corporate Social Responsibility Initiative, John F. Kennedy School of Government, Harvard University, Cambridge, MA. 
http://www.reports-and-materials.org/Grievance-mechanisms-principles-Jan-2008.pdf

World Bank 2012 Feedback Matters: Designing Effective Grievance Redress Mechanisms for Bank-Financed Projects, 
Part 1. The Theory of Grievance Redress. http://hdl.handle.net/10986/12524

World Bank 2012 Feedback Matters: Designing Effective Grievance Redress Mechanisms for Bank-Financed Projects, 
Part 2. The Practice of Grievance Redress. http://hdl.handle.net/10986/18364

Task 19: Facilitate an agreement-making process between the communities and the developer 
leading to the drafting of an Impacts & Benefits Agreement (IBA).

Particularly in large projects with significant impacts, a good way to record understanding of what is promised by a 
project and for a community to hold the company to these promises into the future is by the drafting and eventually 
signing of an Impacts & Benefits Agreement (IBA). Depending on the specific context, these agreements go by a 
range of names, including: Community-Based Agreements, Community Development Agreements, Benefit Sharing 
Agreements, Partnering Agreements, Indigenous Land Use Agreements, Empowerment Agreements, Community 
Contracts, Shared Responsibility Agreements, and Good Neighbour Charters. However, Impacts & Benefits 
Agreements seems to be the most appropriate term as it is the most apt description of what it is. The SIA practitioner, 
in their role as a link between the communities and the developer, can play a key role in the development of an IBA to 
ensure that the IBA is not just something agreed to at the time of signing, but is something that remains a valued and 
valuable document for the life of the project. To do this, it needs to address the issues that are likely to be concerns 
into the future. 

IBAs are negotiated agreements between communities and companies, and sometimes including governments. 
Historically IBAs tended to be used only with Indigenous communities and as a way of recording and evidencing the 
free, prior and informed consent (FPIC) of the impacted communities. An IBA is, in effect, a negotiated legal contract 
in which community representatives provide documented support of a project in exchange for specific benefits such 
as royalties and other direct payments, employment opportunities and promised social investment contributions. 
The IBA also records any specific conditions the local community may have (e.g. relating to protected areas, sacred 
sites, etc). IBAs are potentially a valuable tool for addressing issues between any project-affected community and the 
project/company, and arguably should be used for all projects. 

IBAs should address all issues relevant to a community’s determination of whether they would give their broad-based 
approval or informed consent (FPIC) to a project, including: all financial payments; employment and contracting 
requirements, including statements about the project’s commitment to local content; environmental, social and 
cultural impact management plans and mitigation activities; capacity building plans; governance arrangements and 
grievance mechanisms; and any agreements related to specific things of concern to the local community. The process 
of negotiating the IBA is as important as the outcome, as it helps build effective relationships and establishes trust 
and respect.

 
006875

ADMINISTRATIVE RECORD - Scan 3 - Page 167 of 235

- Page 2049 -



57 Guidance for assessing and managing the social impacts of projects

There is an evident power imbalance between the company and affected communities. Irrespective of whether a 
community would sign the agreement or not, the company must ensure it is not causing unreasonable social impacts, 
and that it is not abusing the human rights of people in the group. To safeguard itself from future litigation or protest 
action (i.e. non-technical risk), the company must ensure that it fully discloses all relevant information and that the 
community has fully understood what the issues will be. It is therefore necessary that the community has sufficient 
time to consider the issues and is provided with appropriate financial resources to enable them to get independent 
professional advice and legal support. No agreement could be deemed to have been made in good faith if the local 
community did not have competent independent professional advice. 

Although it is for each community to determine their own culturally-appropriate way of establishing the community’s 
position, the project staff should ensure that the division of benefits within the community is fair, and that there is 
broad-based consent in the community. Situations in which there was a signed agreement but not broad support may 
be indicative of problems later on. 

For more information, refer to:

Gibson, G. & O’Faircheallaigh, C. 2010 IBA Community Toolkit: Negotiation and Implementation of Impact and Benefit 
Agreements. Walter & Duncan Gordon Foundation: Ottawa http://www.ibacommunitytoolkit.ca

Keenan, J. & Kemp, D. 2014 Mining and Local-Level Development: Examining the Gender Dimensions of Agreements 
between Companies and Communities. Brisbane, Australia: Centre for Social Responsibility in Mining, The University 
of Queensland. https://www.csrm.uq.edu.au/publications?task=download&file=pub_link&id=805 

Nish, S. & Bice, S. 2011 “Community-based agreement making with land-connected peoples”, in Vanclay, F. & Esteves, 
A.M. (eds) New Directions in Social Impact Assessment: Conceptual and Methodological Advances. Cheltenham: 
Edward Elgar, pp.59-77.

O’Faircheallaigh, C. 2011 “SIA and Indigenous social development”, in Vanclay, F. & Esteves, A.M. (eds) New Directions 
in Social Impact Assessment: Conceptual and Methodological Advances. Cheltenham: Edward Elgar, pp.138-153.

Task 20: Assist the proponent in facilitating stakeholder input and drafting a Social Impact 
Management Plan (SIMP) which puts into operation the benefits, mitigation measures, monitoring 
arrangements and governance arrangements that were agreed to in the IBA, as well as plans for 
dealing with any ongoing unanticipated issues as they may arise.

Social Impact Management Plans (SIMPs) are intended to be a tool by which a regulator can assess the extent 
to which a proponent is competent at identifying and, more importantly, addressing social impacts. It therefore 
primarily considers how the company intends to implement social impact management actions into company 
operations. SIMPs are increasingly being requested by regulators in preference to conventional statements of 
impacts, thus demonstrating the shift in SIA to a focus on the management of social impacts (rather than simple 
prediction of impacts). SIMPs clarify the roles and responsibilities of proponents, governments, communities and 
other stakeholders in the mitigation, monitoring and ongoing management of social impacts and opportunities 
throughout the project lifecycle. SIMPs also provide an opportunity to link project activities with local and regional 
planning. The aspects related to impact management agreed in the IBA must be included in the SIMP. 

A SIMP is usually translated in various operational management plans that guide company implementation 
(see Tasks 21 & 22). To develop a SIMP that is realistic and implementable, input and buy-in from a number of actors 
such as communities, the proponent, government and other stakeholders is needed. For example, conducting 
awareness campaigns for artisanal fishers to avoid an exclusion zone needs to be designed with the input of the local 
fisheries association. Ensuring enough time for the necessary negotiations to achieve agreement needs time. 
The SIA practitioner assists the respective actors in considering the elements to be included in the SIMP and how 
they will be addressed. 

It is important to realise that no matter how good the SIA process might be, there will always be some unintended 
and unanticipated impacts that arise. An important aspect of the SIMP is to ensure that there will be an ongoing social 
monitoring and adaptive management program included in the project. 
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For more information, refer to: 

Franks, D. et al. 2009 Leading Practice Strategies for Addressing the Social Impacts of 
Resource Developments. St Lucia: Centre for Social Responsibility in Mining, 
http://www.csrm.uq.edu.au/docs/Franks_etal_LeadingPracticeSocialImpacts_2009.pdf

Franks, D. & Vanclay, F. 2013 Social Impact Management Plans: Innovation in corporate and public policy. 
Environmental Impact Assessment Review 43, 40-48. http://dx.doi.org/10.1016/j.eiar.2013.05.004

Queensland Government 2010 Social Impact Assessment: Guideline to preparing a Social Impact Management Plan. 
http://www.dsdip.qld.gov.au/resources/guideline/simp-guideline.pdf 

Task 21: Put processes in place to enable proponents, government authorities and civil society 
stakeholders to implement the arrangements implied in the SIMP and IBA, and develop and embed 
their own respective management action plans in their own organizations, establish respective roles 
and responsibilities throughout the implementation of those action plans, and maintain an ongoing 
role in monitoring.

Although the SIMP potentially could be a company’s plan for managing social impacts as well as a regulatory tool, 
most corporations have a range of other documents and procedures for recording and implementing their plans and 
actions. The internal version of the SIMP is sometimes called a Social Performance plan. It is essential that all the 
tasks and management actions outlined in the SIMP and IBA are registered and enacted by the appropriate actor for 
that task or management action. Each action needs to be clearly allocated to a responsible person/institution and 
implemented in their workplan. Many of the tasks will be allocated to the proponent, but some tasks may be assigned 
to a range of other stakeholders. It is essential that there be some monitoring of these tasks allocated to other 
institutions so that all social activities are undertaken as scheduled. Having a champion, especially at senior manager 
level, to promote the SIMP and social issues within the company is highly desirable. SIA practitioners would be well 
advised to identify and cultivate possible champions. 

Task 22: Assist the proponent in developing and implementing ongoing social performance plans that 
address contractor obligations implied in the SIMP.

Projects are rarely fully self-contained. Most large projects use contractors for a wide range of tasks and contractors 
are an important part of a project’s operations. It is essential therefore that all agreements made by the operator 
(the project) are then also binding on all contractors. Putting an SIA and SIMP into action within the project involves 
designing and implementing a Contractor Management Plan for medium-high risk activities, which covers the client’s 
and contractor’s respective roles and responsibilities within a range of social performance activities, including:

• identifying key stakeholders, and maintaining a stakeholder list for the project 

•  day-to-day consultation with stakeholders, including notification of project work by the proponent or its contractors

• maintaining records of engagement activities and commitments 

• developing communications materials

•  designing requirements of contracting partners based on an understanding of the social impacts, prior to going 
into the field and while they are in the field

• defining the role of community relations officers in managing contractor performance

•  maintaining a risk register by identifying all social risks related to the project work and methods to eliminate, 
reduce or mitigate those risks

• advising contractor managers on issues relating to cultural sensitivity and worker behaviour 

•  working with contractors to notify affected persons of any nuisance or disturbance as a result of the contractor’s 
work and to mitigate impacts 

• conducting training for contractors on social performance matters

•  building trust and accountability with external stakeholders, e.g. through public reporting, grievance mechanism, 
social monitoring by third-party organisations.
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Contractor management for social performance requires designing Instructions to Tender with sufficient hooks to 
build social performance requirements into contracts. These can include: a Contractor Social Risks & Opportunities 
Assessment; conformance with a Code of Conduct; and prescribing guidelines to Contractors to develop their own 
social performance plans. It requires the evaluation of bids in terms of social performance, and the inclusion of 
key performance indicators for social performance in final bid discussions. The post-award phase is also important 
to inform what needs to be done before the contractor can go to the field; and to establish what actions will be 
taken in the event that the contractor is non-compliant. This requires setting up a social performance management 
system; and conducting induction and training on, for example, the code of conduct, camp rules, appropriate and 
inappropriate interactions with local communities, and grievance procedure. The management of issues in the 
field also needs defining to ensure a contractor proactively manages social issues. Some mechanisms to facilitate 
compliance include appointing a Contractor social performance liaison; having clearly-defined roles between 
the contractor and the proponent’s social performance teams; and jointly agreeing on a social performance 
management plan. Tracking performance involves setting Key Performance Indicators (KPIs), selecting appropriate 
reporting mechanisms and frequency; and building incentives and punitive measures into contracts to ensure 
targets are met. 

For more information, refer to:

Overseas Development Institute ca 2010 Involving Large Contractors in enhancing Social Performance 
during Construction. http://commdev.org/files/1334_file_Involving_Large_Contractors.pdf 

Wilson, E. & Kuszewski, J. 2011 Shared Value, Shared Responsibility: A New Approach to Managing Contracting 
Chains in the Oil and Gas Sector. London: IIED. http://pubs.iied.org/16026IIED.html 
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PHASE 4: DESIGN AND IMPLEMENT MONITORING PROGRAMS 

Task 23: Develop indicators to monitor change over time.

SIA is the process of managing the social issues that arise from the changes brought about by a project. While this is 
an adaptive management process, it builds on a thorough understanding of the context in which the project is being 
implemented, i.e. the community profile (see Task 4) and the social baseline (see Task 8). To monitor change over 
time, it is important to identify and track social indicators that measure all likely impacts and any issues that may 
be of concern to the various stakeholders. Also, it is necessary to ensure that there are appropriate indicators and 
monitoring processes to track groups of particular concern, such as the various vulnerable groups and other often 
under-considered groups including migrant workers, people living along transportation routes, those within close 
proximity of blasting and other significant point sources of impact generation. Having a mechanism to monitor for the 
unexpected is also needed. By monitoring, the effectiveness of mitigation measures can be assessed and corrective 
action taken if necessary. Also, where any unanticipated issues arise, they can be addressed quickly. Indicators also 
need to be considered to measure potential cumulative impacts.

To measure the residual impacts, the consequences of the impacts, and the success of mitigation over time, the first 
step is to decide what needs to be measured. Each potential impact or issue of concern needs to be operationalised 
by one or more indicators (variables). Indicators are usually described as having to be SMART – that is, specific to the 
issue under consideration, measurable and achievable in the sense that the data must be available, action-oriented 
in the sense that the indicator must be linked to a response mechanism if there any exceedance, relevant to the 
issue and perhaps reliable in the statistical sense (i.e. accurate), and time-sensitive, that is being able to quickly track 
changes at a meaningful scale. In addition to having SMART indicators, it is also suggested that some indicators 
should be SPICED – subjective in that they are based on the stakeholders’ own experiences; participatory in that they 
are developed together with the relevant stakeholders; interpretable and communicable to other people; cross-
checked and compared with other data and other contexts; empowering to all stakeholders and a positive experience 
in their development and implementation; and diverse and disaggregated so that the different issues of different 
stakeholders (especially women and vulnerable groups) are considered. 

All categories of project stakeholders need to be involved in the process. They can provide input in the development 
of the indicators, for example by considering the issues of: whether the indicators are relevant; do they measure 
what they are supposed to measure; is there a better way to measure the issue based on local knowledge; is 
anything missing that would be important to measure but is not covered in the monitoring plan. The frequency of 
measurement of each social indicator needs to be appropriate to each indicator and the severity (or significance in 
EIA terms) of the underlying issue. Continuous measurement is desirable where that is realistic, but where this is not 
possible, the frequency of measurement needs to be sufficient to enable corrective action to occur in a reasonable 
timeframe. For some impacts, there may already exist indicators and associated data collection mechanisms that can 
be adequately used, however most issues will require the delineation of new indicators and the implementation of 
new data collection processes. Allowing time and budget to properly develop and test these indicators is essential 
to ensure that they will be useful in the future. Cutting costs by having inadequate pre-testing or piloting of social 
indicators may well lead to a longer term wastage of funds by ultimately collecting unusable data and/or failing to 
detect serious impacts that may emerge, and thus to business risks. Careful indicator development and monitoring 
therefore is an effective risk management strategy.

For more information, refer to:

Lennie, J. et al. 2011 Equal Access Participatory Monitoring and Evaluation Toolkit  
http://betterevaluation.org/toolkits/equal_access_participatory_monitoring 

Roche, C. 1999 Impact Assessment for Development Agencies: Learning to Value Change. Oxford UK: Oxfam. 
http://policy-practice.oxfam.org.uk/publications/impact-assessment-for-development-agencies-learning-to-value-
change-122808 

Vanclay, F. 2013 The potential application of qualitative evaluation methods in European regional development: 
Reflections on the use of Performance Story Reporting in Australian natural resource management. Regional Studies 
http://dx.doi.org/10.1080/00343404.2013.837998
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Task 24: Develop a participatory monitoring plan.

Once the indicators have been developed (Task 23), they need to be collated into a monitoring plan. Monitoring plans 
need to be developed in a participatory way, and there needs to be careful consideration given to the governance and 
oversight of the monitoring process if it is to have legitimacy. The monitoring plan should serve as a guide to show 
how the impacts will be monitored over time. There must be a clear indication of what the indicators are, how they 
relate to the identified social issues, how each indicator is defined and operationalised, how each indicator will be 
measured and at what frequency. The monitoring plan must also indicate who will be responsible for actioning the 
measurement, how the results will be communicated, and what the course of action will be if there is an exceedance 
from the agreed level (benchmark).

The key stakeholders need to agree on the key monitoring issues: the method by which measurement will happen, 
frequency of monitoring, responsible people, and most important, on the way that the results will be reported to 
all stakeholders. 

The monitoring plan should be a dynamic, working document, and should be reviewed on a regular basis to determine 
whether all the indicators are still relevant, whether the methods of measurement remain appropriate (especially 
in the context of technological advances), and whether any new issues have emerged that should be included in the 
monitoring plan. Stakeholder participation is vital for the monitoring plan to be executed successfully and for it to 
have legitimacy with stakeholders. Not having stakeholder participation could result in the plan being viewed as part 
of a tick-box approach and would reduce the project’s social licence to operate.

The monitoring plan should measure impacts in such a way that it is actionable. If the monitoring results indicate 
that action is required for the management of an impact, it must be known where and how an intervention can take 
place to address the issue. Being aware of what the stakeholders would require in order for them to be satisfied with 
the intervention is important if a company wants to maintain and grow its social licence to operate. The procedure 
to address negative results should be in place from the beginning of the project to ensure that action can be taken 
quickly and efficiently and that sufficient budget is available to allow this to happen. In order to maintain social license 
to operate and legitimacy with the stakeholders in the event of an incident, fast and efficient action is of the essence.

For more information, refer to: 

Office of the Compliance Advisor/Ombudsman 2008 Participatory Water Monitoring: A Guide for Preventing 
and Managing Conflict. Advisory note, Washington, DC: IFC.  
http://www.cao-ombudsman.org/howwework/advisor/documents/watermoneng.pdf

IFC 2010 International Lessons of Experience and Best Practice in Participatory Monitoring in Extractive Industry Projects.  
http://commdev.org/international-lessons-experience-and-best-practice-participatory-monitoring-extractive-industry 

World Bank 2013 How-To Notes. Participatory and Third Party Monitoring in World Bank-Financed 
Projects: What can Non-State Actors do?  http://siteresources.worldbank.org/EXTSOCIALDEVELOPMENT/
Resources/244362-1193949504055/4348035-1352736698664/8931746-1364579999657/
HowToNotesParticipatory&TPM.pdf
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Task 25: Consider how adaptive management will be implemented and consider implementing 
a social management system.

The social environment is constantly changing and adapts to these changes. It is therefore important to be flexible 
when considering the management and monitoring of social impacts. Adaptive management is innate to social impact 
management. This underlines the importance of monitoring and regular feedback of the results. Information received 
from monitoring should be used to update the SIMP or social performance plan. These plans need to be living 
documents and should be reviewed and updated regularly (perhaps yearly). It is important to involve all stakeholders 
in the adaptive management process. Processes that were put in place to implement the SIMP or IBA can be used to 
inform the adaptive management process. This includes stakeholder meetings where one can reflect on positive and 
negative impacts and plan for better outcomes in the future based on lessons learned in current processes. 

It is very evident that for each project there will be a vast amount of social performance/SIA activities that need to be 
completed, monitored, tracked, reported-on, etc. The extent of the activities discussed in this guidance note imply 
that keeping track of all these things will be difficult, especially if there should ever be change in social performance 
personnel. The implementation of a social management system (SMS) somewhat akin to an environmental 
management system (EMS), or perhaps integrated with it to form a Social and Environmental Management System 
(SEMS), should be considered. 

For more information, refer to: 

Endter-Wada, J. et al. 1998 A framework for understanding social science contributions to ecosystem management. 
Ecological Applications 8(3), 891-904. http://dx.doi.org/10.1890/1051-0761(1998)008%5B0891%3AAFFUSS%5D2.0.CO%3B2 

IFC 2014 Environmental and Social Management System Implementation Handbook: Construction. Washington DC: 
International Finance Corporation. http://www.ifc.org/wps/wcm/connect/c03aa6804493c5bba71aafc66d9c728b/
ESMS+Handbook+Construction.pdf 

Task 26: Undertake evaluation and periodic review (audit).

The monitoring of social impacts, the adaptive management of social issues, the addressing of grievances, and finding 
opportunities to create benefits for local communities must continue throughout the life of a project. In that sense, 
the social performance work of a project is ongoing. The generalist SIA practitioner, however, is likely to be involved 
only up until all initial issues have been addressed and most of the ongoing systems are in place – thus, typically 
sometime after the end of the construction phase and after commencement of the operational phase of the project. 
At this point, it is desirable to undertake an evaluation of how well the SIA was done. Lots can be learnt from assessing 
what worked and what did not work so well with the way each SIA task was undertaken. Although the monitoring and 
adaptive management processes deal with any issues or social impacts not considered in the SIA or that otherwise 
arise, the intention in this task is to have a review to reflect on and improve the overall SIA process for this project, 
as well as to consolidate learnings for the practitioner, the company and, where learnings are shared, to improve 
the SIA profession as a whole. This will help to improve the processes of predicting social impacts and in fine-tuning 
mitigation and enhancement measures. 

In addition to an evaluation of the SIA at completion of the SIA, each project should be periodically reviewed. While 
the adaptive management process should continue to address any issues that arise, an audit is needed to establish 
that that is indeed the case – that the adaptive management process is working. An audit can also determine whether 
there are significant departures from any targets for residual impacts and/or whether any cumulative impacts are 
being experienced.

Because some large projects have a life expectancy of many years, a periodic audit is appropriate to ensure that 
the project remains up to current international good practice. Good and best practice changes over time, and 
unless a project continues to innovate, what was once good or best practice can very soon become dated. The 
experience in many of the examples in this document and elsewhere frequently reveal stories where despite best 
intention, negative outcomes resulted from poor planning and other inadequacies. Periodic audit (say every 3 to 5 
years) is appropriate. 
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While projects or project owners (corporate headquarters) may require internal audits, other stakeholders can also 
demand audits, perhaps on a more frequent basis, or on an ad hoc basis. Many stakeholders can exert power over a 
project. For example, a grievance that was not satisfactorily dealt with through the community grievance mechanism 
(see Task 18) might escalate when the community brings their complaint to the financiers backing the project. Where 
the IFC is involved, complaints can be lodged with the Compliance Advisor Ombudsman (CAO) (http://www.cao-
ombudsman.org). Each year, some 40 odd complaints are received, of which around 15 are deemed to be eligible 
for consideration by the CAO. Although it is the right of people to bring such action and many of the complaints 
reveal major problems with projects, a complaint does create a lot of additional work for the company staff and 
attracts much negative attention. Even if the complaint is not upheld, there can still be residual reputational harm 
to the company. Taking every effort to avoid complaints, for example by having regular internal audits, would be an 
appropriate precautionary measure.

Over the last decade or so, there has been a major rise in ethical investing, that is, investment decision making that 
considers environmental and social factors in the selection of investments. Increasingly, many of the large pension 
funds and institutional investors are shifting to ethical investment. While this typically affect new investment 
decisions, it can also lead to a review of existing investments and a demand that publicly-listed companies meet 
ethical investment standards. There are cases where this has led to audits (due diligence assessments) of projects 
to determine the extent to which they were consistent with human rights and social performance expectations, 
with the threat of the pension fund reconsidering its investment decisions if there would be an unfavourable verdict. 
Such a disinvestment would have had major ramifications for the company. Into the future, it is likely that there will 
be considerable work for SIA consultants conducting such audits and due diligence assessments.

Most companies subscribe to the notion of continuous improvement and the Plan, Do, Check, Act cycle. 
Regular audits therefore are a normal part of responsible business management. Environmental management 
system accreditation processes (e.g. ISO 14001), the standards of the Global Reporting Initiative, and many other 
corporate management philosophies and procedures all expect periodic audits. 

For more information, refer to:

Aim for Human Rights 2009 Guide to Human Rights Impact Assessment Tools 
http://www.humanrightsimpact.org/fileadmin/hria_resources/Business_centre/HRB_Booklet_2009.pdf 

International Business Leaders Forum & IFC 2011 Guide to Human Rights Impact Assessment and Management 
(HRIAM). http://www.ifc.org/hriam

Kemp, D. & Vanclay, F. 2013 Human rights and impact assessment: clarifying the connections in practice. 
Impact Assessment & Project Appraisal 31(2), 86-96. http://dx.doi.org/10.1080/14615517.2013.782978

Morrison-Saunders, A., Marshall, R. & Arts, J. 2001 EIA follow-up: Best practice principles.  
http://www.iaia.org/publicdocuments/special-publications/SP6.pdf 

Storey, K. & Jones, P. 2003 Social impact assessment, impact management and follow-up: A case study of 
the construction of the Hibernia offshore platform. Impact Assessment & Project Appraisal 21(2), 99-107.  
http://dx.doi.org/10.3152/147154603781766400 

World Bank 2013 Human Rights Impact Assessments: A Review of the Literature, Differences with other forms 
of Assessments and Relevance for Development.  
http://siteresources.worldbank.org/PROJECTS/Resources/40940-1331068268558/HRIA_Web.pdf
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Typical contents listing of a Social Impact Assessment report 
and/or a Social Impact Management Plan

A typical Social Impact Assessment report or Social Impact Management Plan document (intended for an external 
audience) is likely to include the items listed below. The precise listing of chapters and what order they appear will 
depend on the particular circumstances of each case and the expectations of the intended audience for the report. 
There may also be specific requirements in the particular jurisdiction of the case that need to be considered. 
The order of items is not fixed and some elements perhaps could be presented as separate reports or as appendices 
rather than being in the main report. Practitioners must make efforts to ensure that the SIA or SIMP report becomes 
an effective decision making and management tool, by being understandable to non-social practitioners and the 
public, includes only relevant information, and has clear mitigation measures. 

 

Chapter Title Description of contents of chapter

Cover 

Inside Front Cover Publication statement indicating the authors (i.e. names of the individuals 
responsible for doing the work and writing the report), publisher, date of 
publication and other information to establish the nature and purpose of 
the document.

Executive Summary A short statement of key issues and findings.

Expert Review Statement A letter/report from any expert or peer reviewer (or perhaps a joint 
statement if there was a number of reviewers) to indicate how the review 
was conducted, what constraints applied to the reviewers, and any 
comments, concerns and recommendations of the reviewers. A response 
from the authors to the review might also be appropriate. 

Introduction A general introduction to the report making the purpose of the report clear, 
perhaps including a short general statement about how the document 
connects to SIA literature/philosophy. 

Project Summary A good description of the project and all ancillary activities so that readers 
can get a sense of the project. Where project alternatives or options exist, 
they could be explained here.

Methodology A statement about the overall design of the SIA, what methods were used, 
what community engagement processes were used, and how ethical issues 
were considered and addressed. Perhaps definitions and/or a discussion 
of key concepts. Some link to the SIA and social research literature would 
be expected here. A discussion of the governance arrangements for the 
conduct of the SIA should be provided. Importantly, the limitations of the 
applied methodology would also be included, including decisions to narrow 
or expand the scope over the course of the SIA.

Applicable Legal Framework 
and Standards

A discussion of the legal framework(s) and applicable legislation, regulations 
and guidelines that apply to the particular case. This would include not only 
local legislation/regulation, relevant institutions and their responsibility 
towards the project, but also mention of international standards, such 
as the IFC Performance Standards, guidance from international industry 
organisations, and reference to this SIA guidance document. 

Community Profile and Social 
Baseline

If an extended community profile and social baseline are to be included 
as appendices, then at least include a summary of key characteristics and 
key stakeholder groups here; alternatively include the community profile 
and baseline data here. Key historical issues should also be discussed. Key 
aspects of the physical environment that may be relevant to understanding 
the context should be included too.
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Scoping Report A statement of all potential social impacts considered in the assessment 
phase. The disposition of each impact considered should be made clear. 
Where this is presented as a separate report, a summary should be 
provided. Alternatively, this can be an appendix.

Prioritized Listing of 
Key Social Impacts 

This is a listing of the residual impacts with a discussion of how different 
stakeholders are affected. There should be a particular focus on Indigenous 
peoples, women and vulnerable groups. 

Resettlement (Summary) If resettlement is required, or if physical or economic displacement 
will occur, a short description of how the resettlement process will be 
undertaken, what compensation will be provided and how it will be 
determined, and what measures will be taken to restore and enhance 
livelihoods. A fully-developed Resettlement Action Plan will be required 
as a separate document.

Summary of Mitigation and 
Management Measures

A list of mitigation and other management measures to address social 
issues should be provided. There should be a costing and timeframe for 
implementation for proposed mitigation measures.

Monitoring Plan and Contingency 
Plan (Adaptive Management)

A plan for how monitoring will be undertaken – what will be monitored, 
how monitored, how often and who is responsible, as well as how the 
company will respond should an allowance threshold be exceeded – 
needs to be provided.

Benefit Statement This is a statement of the likely project benefits to the local communities, 
including of all proposed social investment actions, and local content and 
local procurement strategies.

Ongoing Community 
Engagement Strategy 
and Grievance Mechanisms

A description of the intended ongoing community engagement processes. 
Also a description of what grievance mechanisms will be provided and what 
processes will be used for managing grievances.

Governance Arrangements A discussion of the governance arrangements that will apply to the ongoing 
community engagement processes, the grievance mechanisms, the 
monitoring process, and to ensure the ongoing acceptability of the social 
investment program. 

References A list of all references used in the report, and any key references that 
informed the design of the SIA research.

Appendices The appendices that are to be included will vary from project to project 
and will be affected by what is included in the body of the report but may 
include: questionnaires, interview schedules, consent form templates, an 
extended community profile, baseline data; a scoping report (i.e. a listing 
of all issues considered as possible social impacts).
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Review Criteria for checking Social Impact Assessment Reports and 
Social Impact Management Plans

SIA processes ideally involve continuous reporting back to the various stakeholders including the affected 
communities and the project management. Information arising through the SIA might be used long before the 
SIA is actually completed. Because of this continuous reporting, SIA should be seen as a process not as a product. 
Nevertheless, a final report will normally be required as a way of documenting methodology, procedures, and 
findings. Traditionally, a statement of social impacts equivalent to an Environmental Impact Statement was produced, 
and often an SIA would be a component of an EIA/EIS. Best practice in SIA, however, is to provide a Social Impact 
Management Plan (SIMP), which more than just lists likely impacts, it emphasises how the impacts will be managed, 
what mitigation will be provided, what enhancement measures will be provided, what ongoing monitoring shall be 
provided, and what governance arrangements will apply. Because of the continuous reporting back, there should 
be no surprises in a report. Good practice in SIA requires that these reports (and in fact the whole SIA process) be 
subject to professional peer review. Similar to the EIA process, there should also be a period of public comment on 
a report before it is accepted by regulatory authorities. Even where there is not a regulatory requirement, good 
practice would insist on a peer review process and acceptance of the final reports by the affected communities 
and the peer reviewers. Determining how to assess the acceptability of a report is complex. The following checklist 
provides a list of questions that should be considered by reviewers and/or community groups in their reading of an 
SIA report or SIMP.

Description of the project and alternatives

•  Does the report provide a sufficient description of the project including adequate information about the site, 
project design, size of the development, required workforce, likely timeframe, etc?

•  Does the report describe the purposes and objectives the proposed development is expected to address, 
especially as they pertain to the sustainable development of the local area?

•  Did the report consider reasonable alternatives to the project, including a ‘no-development alternative’, and give 
an indication of the primary reasons for the preferred alternative, taking into account the social consequences 
and sustainable development objectives?

•  Is there discussion of project options yet to be decided and for which input is needed?

•  Does the report describe the likely future landuses on the site and surrounding areas?

•  Does the report describe all additional service demands (water, electricity, sewage, etc) and ancillary activities 
(dredging, quarrying, etc) that may be required as a consequence of the project or necessary to support the 
project (or make it clear that there are no extra demands)?

•  Does the report document and discuss the contextual setting of the project and provide information on similar 
projects that have happened, are currently happening, or likely to happen in the vicinity of the current project 
to enable an adequate consideration of cumulative effects in the region?

Description of methodology for the SIA

• Does the report adequately describe the overarching methodology for the SIA?

•  Were the methods used for each of the component parts of the SIA satisfactorily described, appropriate, 
and properly undertaken?

• Was the stakeholder engagement strategy for the SIA adequately described?

• Were the methods used to predict the impacts adequately described and appropriate?

• Was the process to establish significance of the impacts described and was it reasonable?

• Was there a discussion of the limitations of the methodology and of the SIA in general?

•  Was there evident adequate awareness of social research methods and appropriate reference to the literature on 
the methods of SIA and social research generally?

• Was there a discussion of the ethical implications (including informed consent) of the SIA and project?

•  Was respect for Indigenous peoples clearly evident in the approach to social research methods and 
community engagement?

• Was there an attempt to utilise local knowledge in the design of 4

•  Were traditional knowledge and Indigenous cosmologies and understandings included alongside western science 
and on equal terms in the impact assessments and other scientific reports?
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Community profile and baseline data

•  Is there a discussion of the extent of the area likely to be affected in social terms (the social zone of influence, 
or impacted zone)?

•  Is there an adequate stakeholder analysis and reasonable identification and description of the different social 
groups within the region?

• Are vulnerable groups specifically identified and discussed?

• Are gender aspects and issues specifically considered?

•  Are any Indigenous, tribal or other ethnic groups of special interest identified (or is it clearly stated that there are 
none in the region), and is this determination reasonable? 

•  Does the analysis identify and describe the various characteristics of the multiple affected stakeholder groups, 
especially aspects of their culture, economy, or livelihoods that may make them particularly susceptible to change?

•  Does the analysis identify the local, national, and international organizations that are likely to have an interest in 
the project and especially those who have a link to affected stakeholders? 

•  Was local history discussed in sufficient detail to provide a reasonable understanding as to what current social 
concerns might be and what the potential for local conflict is?

• Was there identification of social indicators to be used for baseline data collection?

• Was there a justification provided for each social indicator?

• Is there a discussion about and use of existing (secondary) sources of baseline data?

• Was baseline data for the identified social indicators collected?

• Were appropriate targets and benchmarks established for each social indicator?

• Is there a discussion of data gaps and of the limitations of any data that exist or that may be collected?

Community participation and engagement

•  Was there a genuine attempt to identify and engage with a wide range of stakeholders and to inform 
them about the project and its implications, and invite their input?

•  Is there evidence of how stakeholder input was actually utilised in the SIA and in project planning 
and development?

•  Were lists of the groups who were approached as part of the SIA provided?

•  Is it evident that diverse engagement methods were used to ensure inclusivity, and especially to ensure the 
participation of women, vulnerable groups, and Indigenous peoples if present?

•  Were participatory processes established early in the SIA and the project so that the input from these processes 
could be used to influence the SIA and the design of the project?

• Were adequate resources available to support the participation of all stakeholders?

• Was engagement continuous, with adequate reporting back and validating of information?

• Was FPIC obtained for the project and for the SIA? If FPIC was obtained: 

 0 Was the basis by which FPIC asserted clearly established?

 0 Was the basis by which ‘consent’ was determined discussed?

 0 Was it truly prior?

 0 Can the condition of ‘fully informed’ be reasonably established?
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Scoping, assessment of impacts and significance determination

• Does the report indicate how scoping was done?

• Was there adequate stakeholder contribution to the scoping and assessment process?

•  Does the report clearly identify all the various project activities and consider the impacts of these various 
activities on different stakeholders? 

•  Is there a description of impacts in terms of the nature and magnitude of the change and the nature, 
location, number, sensitivity and vulnerability of the affected stakeholders?

• Does the analysis consider how different groups are likely to respond to the impacts?

•  Does the analysis consider the indirect (or second and higher order impacts) as well as the direct effects for 
all project phases (construction, operation and post-closure) on all groups? 

• Were all reasonably likely impacts considered?

• Was there a comparison with other studies of similar projects elsewhere?

•  Were the social and health implications of environmental impacts (changes of land use, emissions, changes 
in biodiversity or ecosystems, etc) considered and discussed?

• Were impacts discussed with reference to human rights?

• Is there an adequate discussion of how impacts were prioritised (significance determination)?

•  Is there a discussion about the likelihood of and contingency plans for the management of abnormal events 
and operational accidents? 

• Are the social consequences arising from abnormal events and accidents considered?

Mitigation and enhancement strategies

•  Does the report provide a description of the mitigation measures envisaged to avoid, reduce and/or remedy 
the significant adverse effects created by the project?

•  Does the report discuss the reasons for choosing the mitigation methods, and describe options available, 
especially where mitigation is not self-evident?

•  Does the report consider the likely effectiveness of the mitigation? Where the effectiveness is uncertain 
or limited, are the implications of this adequately discussed?

• Does the report discuss the extent and significance of residual impacts? 

• Does the report discuss coping strategies for dealing with residual and/or cumulative impacts?

•  Has there been adequate consideration of enhancement measures (i.e. changes to the project designed 
to enhance benefits to affected communities)?

• Is the potential for local content (jobs for local people, local procurement) well considered?

• Are the proposed mitigation and enhancement measures practical and feasible?

•  Is there a discussion of likely changes in the impacts experienced over time, and the need for corresponding 
changes to mitigation and/or enhancement measures in the future?

•  Was a community visioning process undertaken and/or is there a discussion of preferred or intended 
community futures?

•  Is there a social investment contribution planned, and have the proposed social investment initiatives been 
adequately negotiated with the community?

•  Are any proposed social investment initiatives sustainable and/or have the full support of appropriate local 
partners and/or government? 

•  Where the proponent takes on the responsibility for providing services and infrastructure, is there an exit strategy 
to pass on the responsibility to government, and in a context with weak government capacity, does the exit 
strategy include provisions for government capacity-building?
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Grievance mechanisms and monitoring procedures

• Does the report discuss the establishment of a grievance mechanism?

•  Is there evidence that the grievance mechanism is taken seriously, that affected stakeholders are aware 
of its existence, and would be inclined to make use of it if they had a concern?

• Has a monitoring process been established for all significant impacts?

• Are the impacted communities involved in the monitoring process in any way?

•  Has there been any discussion about ‘adaptive management’, especially in relation to the monitoring 
and management of social impacts?

Reporting, governance arrangements and overarching issues

•  Is the report publicly available in appropriate languages – or at least have reasonable attempts been made 
to make information about the report accessible to local people?

• Is there a sense that the SIA and project development processes meet reasonable transparency expectations?

• Is information in the report logically arranged?

•  Does the report describe how the community engagement undertaken has influenced the SIA, in terms of results, 
conclusions and/or approach taken?

• Were there adequate resources and time available to thoroughly investigate the social issues?

• Did the consultants seem professional, experienced, knowledgeable in social issues and SIA?

• Was there a peer review undertaken by a competent SIA professional?

•  Did consideration of the social issues start early enough to enable effective management of social issues at early 
stages of the project?

•  Is there evidence that project staff and senior company management have signed-off on the findings of the 
SIA and demonstrated their commitment to implement the recommendations and agreed strategies?

•  Are all roles and responsibilities for future actions clearly identified and allocated to specific individuals or job 
designations? Do the Key Performance Indicators for their roles include these responsibilities?

•  Have all other parties or agencies that are implicated in the report committed to the roles assigned to them in 
the report (e.g. local government, government agencies, third parties)?

•  Have the roles of contractors and suppliers been adequately considered and is there evidence of a monitoring 
process to ensure that they comply with the intentions that arise from the SIA? 

• Does the report give the impression that there has been adequate awareness of the project in a social sense?

•  Was there cross-reference to any Environmental Impact Assessment, Health Impact Assessment and/or any other 
relevant documents/report that may have been commissioned by the proponent or other actor?

•  Was there adequate connection to the SIA literature? (and specifically the International Principles for Social 
Impact Assessment and this Guidance document)?

•  Does the report identify all appropriate local, regional, national and international policy and regulations 
responsible for protecting stakeholders?
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Conclusion

Social Impact Assessment should be considered as being the process of managing the social issues of projects. To be 
effective, the management of social issues needs to start from the moment a project is first conceived right through 
to well after closure of the project. Although the original understanding of SIA was as a regulatory tool, contemporary 
usage sees it as having multiple uses. SIA can still be applied in the context of national environmental regulation or 
because of the requirements of international donor agencies, but it can also be undertaken by a community to assist 
them in deciding whether to approve a project in an FPIC process, or in learning how to cope with change. SIA can 
also be undertaken by corporations as part of their responsibility to address their social and human rights impacts 
and their desire to earn a social licence to operate. In the time since its origins in the 1970s, the focus of SIA has 
changed from being primarily concerned about the negative impacts of projects, to being much more concerned 
about how projects might be enhanced to improve the benefits to communities, and to deliver shared value so that 
both communities and companies can benefit from projects. 

The corporate responsibility to address its social impacts has also developed over time. Although companies still have 
an obligation to meet the requirements of national regulations, they also need to meet the expectations of many 
other stakeholders, including project partners, financial backers, international industry organizations, trade-union 
organisations, watchdog NGOs, local civil society, and local communities. With the rise of the digital age, NGOs, civil 
society stakeholders and local communities are becoming more aware of their rights, more empowered, and have 
more potential influence, more resources, and more reach. Furthermore, with the rise of the business and human 
rights agenda, there is also an international legal requirement and a legitimate public expectation that companies 
comply with human rights standards. These various expectations may not always be clear, coherent or coordinated, 
and may, in fact, be contradictory. SIA can assist in addressing the concerns of all stakeholder groups, but especially in 
mitigating harm and enhancing benefits.

SIA will have increasing relevance into the future and the demand for SIA will continue to grow for several reasons, 
including the increasing investment in developing countries. The combination of weak institutions and increasing land 
scarcity creates potential for increasing conflict between companies and local communities, especially where the risks 
are not identified early and mitigation plans not implemented early enough or not undertaken in cooperation with 
the impacted peoples themselves.

The intention of this document is to assist in determining what should be done to address project-related social 
impacts. It provides the definitive standard on good practice in social impact assessment and as such should be the 
guidance used not only by SIA practitioners, but also company social performance staff, government regulatory staff, 
the international financing community, NGOs and affected community representatives to debate and set expectations 
and benchmark performance in relation to the management of social issues arising from projects. Important to note, 
however, is that individual SIA practitioners work in a variety of settings, and are commissioned to do a range of 
tasks, but usually only a subset of the wide set of tasks described in this document. Therefore, what is reasonable to 
expect in any one situation will greatly depend on the specific contractual arrangements. Irrespective of the individual 
contractual arrangement, an SIA always has a duty of care to the client and to the impacted community to ensure that 
all key social issues are addressed.

A key point underpinning everything in this document is that rather than seeing SIA as being a cost to business, 
SIA should be seen as an appropriate, useful management process that reduces risk and brings benefits to companies 
and to communities – in other words, that operationalises the concept of shared value. There is thus a rock-solid, 
strong business case for projects to do effective social impact assessment and management.
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Other key sources and links relevant to  
Social Impact Assessment & Management

International Association for Impact Assessment (IAIA), the professional association for all impact assessment 
practitioners, http://www.iaia.org 

SIAhub, a resource-base and network for people specifically interested in SIA 
http://www.socialimpactassessment.com 

The Practitioners Platform, a discussion forum for social performance practitioners in the extractives sector 
http://managesocialperformance.com 

International Association for Public Participation (IAP2), a professional association promoting participation  
http://www.iap2.org/ 

The International Network on Displacement and Resettlement http://indr.org/ 

Anglo American SEAT http://www.angloamerican.com/development/social/seat 

Equator Principles http://www.equator-principles.com/ 

IBA Community Toolkit: Negotiation and Implementation of Impact and Benefit Agreements.  
http://www.ibacommunitytoolkit.ca

International Finance Corporation Performance Standards and Guidance Notes  
http://www.ifc.org/performancestandards 

International Council on Mining and Metals (ICMM), an industry association to address sustainable development 
issues http://www.icmm.com/ 

International Hydropower Association, http://www.hydrosustainability.org  

IPIECA, the global oil and gas industry association for environmental and social issues http://www.ipieca.org/ 

Mining and Resettlement eLibrary, Centre for Social Responsibility in Mining, University of Queensland. 
https://www.csrm.uq.edu.au/mining-resettlement/elibrary 

OECD Guidelines for Multinational Enterprises http://mneguidelines.oecd.org/text/ 

United Nations Guiding Principles on Business and Human Rights 
http://www.ohchr.org/Documents/Publications/GuidingPrinciplesBusinessHR_EN.pdf 

World Bank, Social Analysis Sourcebook, http://go.worldbank.org/HRXPCILR30 

World Commission on Dams 2000 Dams and Development: A New Framework for Decision-Making. London: Earthscan. 
http://www.internationalrivers.org/files/attached-files/world_commission_on_dams_final_report.pdf
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Glossary of SIA terms and concepts

DISCLAIMER: Below is a subset of the vocabulary of the field of SIA practice. While an attempt has been made to 
focus on SIA-specific terms, SIA practitioners operate in multiple discourses and the language used in SIA comprises 
not only SIA-specific terms but also terms from environmental impact assessment (EIA) and other impact assessment 
fields as well as from the industries in which SIA practitioners operate. The descriptions given here are intended to 
be an aid to understanding rather than being definitional statements. While many descriptions are original to this 
document (perhaps drawing on multiple sources), others are fairly standard statements that could be common to a 
range of sources.

Actual impact  refers to the social impacts actually being experienced by communities, rather than to 
the impacts predicted to be experienced.

Affected publics   persons who live nearby; will hear, see, feel, or smell the proposed project; are forced 
to relocate either voluntarily or involuntarily; have an interest in the project or policy 
changes (whether or not they live in primary or secondary zones of influence); are 
interested in the potentially impacted resources; might normally use the land affected; 
or be affected by the influx of seasonal, temporary, or permanent residents associated 
with the project.

Alienation  a social science concept that refers to the social processes that alienate individuals (turn 
them into aliens or outsiders). The outcome of alienation is a lack of belongingness, and 
the experience of disconnectedness, meaninglessness and powerlessness, and a lack of 
agency. Thus it is a process that severely affects the mental wellbeing (and eventually 
physical health) of the individuals affected. It manifests itself in social isolation, despair, 
medical depression, and a range of other health-related behaviours. 

Alternative livelihoods  (also called alternative economic opportunities) refers to the process of identifying, 
selecting and developing a range of income generating activities to replace or augment 
current livelihood activities of project-affected people. This is particularly important in the 
case of economic or physical displacement, but can also be a part of the benefits creation 
or social investment programs of the project.

Area of influence  in EIA, this refers to the physical area (and components such as air, water, soil) over 
which a project creates impacts (including abiotic, biotic and socioeconomic) caused by a 
project (and its associated activities). Thus it includes not only the land surface area but 
also the functioning of any marine and terrestrial ecosystems; airsheds and watersheds 
(surface or underground); and all social groupings including individuals, communities, 
companies (especially SMEs), organizations and governmental agencies. (also see Social 
area of influence)

Artisanal  ‘artisanal’ means working with the hands, and an ‘artisan’ is a skilled craftsperson. 
It is often applied to small scale miners, or subsistence fisherfolk.

Asocietal mentality  an attitude that humans don’t count, or that social issues are not important and do not 
need to be considered.

Baseline   refers to the data for a set of selected indicators measured near the beginning of a project 
which are used to track change over time. The baseline data become a reference point, 
along with other benchmark values, against which future situations can be compared. 
Although the original baseline data refers to a specific point in time, the community 
profile should highlight trends in the project area so that a comparison can be made 
between what would likely have happened with and without the project.

Belongingness  the sense of belonging to a social group, which is an important human emotional need. 
A consequence of many projects is a reduction in the sense of belongingness, either 
because of the physical and social changes that takes place, the presence of newcomers, 
but also because of the alienation-inducing processes that take place.
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Benchmark  a comparison norm or point of reference. For each social indicator selected for monitoring, 
a benchmark should also be identified to provide some standard or value that can be used as 
a reference point. For example, the benchmark might be the WHO acceptable levels for air 
pollution or noise exposure, or for the expected number of doctors per thousand population.

Beneficiaries   the individuals, communities and organizations expected to benefit from the project 
or program. 

Best practice  the set of guidelines, ethics, ideas, procedures and methods that represent the best 
(most appropriate) way of acting in a particular area of practice. Although best practice might 
be prescribed by a professional association, in general it is a vague concept referring to an 
aspirational benchmark.

Boomtown  a community, town or city that experiences excessively-rapid growth.

Brownfield  refers to project development that takes place in a location that has had previous experience 
with projects and where there are legacy issues to be addressed.

Camp followers  this term generally refers to the civilians who follow armies, typically servicing the needs of 
encamped soldiers by providing goods and services not provided by the military authorities, 
e.g. certain foods, laundry, alcohol and drugs, nursing, and sexual services. The term is 
now used more widely to describe those entrepreneurs who ply services to workers in 
construction camps and project sites. (also see Honeypot effect)

Capacity building   a coordinated process of interventions such as training programs usually focussing on 
building human capital and improving institutional practices and governance arrangements. 

the Capitals  refers to a framework for thinking about sustainability and the achievement of development 
outcomes in terms of assets (or capitals) such as natural capital, human capital, social capital, 
financial capital, manufactured capital, and sometimes political and institutional capital, and 
cultural and spiritual capital. There are several frameworks that use the capitals as a core 
element, including the Sustainable Livelihoods Approach.

Causal pathways  a concept that connects with evaluation and systems thinking. It refers to the causal 
relationships (at least to the correlations) between various elements in a system. In SIA, 
it refers the sequences of the experiences of primary and secondary impacts and between 
the social change processes and social impacts.

Citizens’ jury  a deliberative technique where decision making (perhaps about selecting the best 
alternative) is given to a panel of lay people (around 12) selected from the public who 
are entrusted to deliberate on the relevant issues on behalf of the community. Although 
intended to be a lay rather than expert panel, it is nonetheless expected that they will 
learn about the relevant issues and ask questions from experts and call for information as 
needed. Decisions made by citizen’s juries are like to have greater legitimacy among the local 
community than those made by expert-driven processes.

Civil society   the network of individuals and groups (both formal and informal) – and their connections, 
social norms and practices – that comprise the activities of a society and that are separate 
from its state and market institutions. It includes religious organizations, community groups, 
foundations, guilds, professional associations, labour unions, academic institutions, media, 
advocacy or pressure groups, political parties, etc.

Closure planning  the process of planning and managing a project site for the post-closure situation, in other 
words, after the mine or factory is closed. Good practice SIA ensures that post-closure 
planning is built into the planning process and considered at an early stage of construction. 
This is very important especially in a mining context where there is volatility of resource 
prices that affect the viability of the mine.
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Commitments register  a formal public document that records any statement of promise made by the company 
to the community especially in relation to any promised mitigation or benefit.

Commodification  the processes by which local culture and local cultural artefacts are turned into 
commodities and thereby religious traditions, local customs and festivals are reduced 
to conform to expectations of those buying. It is a concept from the social impacts of 
tourism, but can happen in any situation where a local culture comes into contact with 
a wealthy group of outsiders.

Common law  Common law refers to laws and the interpretation of laws perceived to exist in a 
community and manifested by judges in court statements (precedents). Common law 
can be contrasted with statutory law, and has legal standing in countries that derive 
their legal systems from the English system. European continental systems (e.g. Roman 
law and French or Napoleonic law) do not recognise common law. In some ways, 
common law is like customary law. 

Communitas  a social science term (from Latin) which means a strong sense of community, especially 
as built through participation in ritual or community celebration.

Community   a commonly-used, yet contested concept that can apply at different levels, although 
generally refering to a place-based grouping of people who are presumed to have some 
sense of shared identity, some shared interactions of everyday life, and some common 
social and political institutions. Although individuals experience some social impacts 
at a personal level, the general assumption in SIA is that people live, work and play in 
social groupings called communities, which are therefore a primary focus in SIA.

Community agreements  (see Impacts & Benefits Agreement)

Community assets  the resources in the community that can be used to improve development outcomes 
for the community. They include the people and organisations who can help achieve 
community goals, but it also refers to the places, attractions, and physical resources 
whether natural or artificial that are valued by the community.

Community cohesion   refers to the sense of harmony in a location (rural area, town or city), which can be 
established by the levels of: acceptance and valuing of social diversity; a shared sense 
of belonging across all groups; a broadly accepted vision and image of the location; 
reasonably similar life opportunities and access to services; and positive social 
relationships between people from different backgrounds.

Community development   The long-term process whereby people who are marginalized or living in poverty work 
together to identify their needs, create change, exert more influence in the decisions 
which affect their lives and work to improve the quality of their lives, the communities 
in which they live, and the society of which they are part.

Community Development   a concept very similar to an Impacts & Benefits Agreement (IBA), but an agreement
Agreement  that might be initiated by government rather than the bilateral agreement between 

company and community that an IBA tends to be. 

Community engagement   Community engagement is a term used to describe the many ways by which people can 
interact with and be involved in decision-making processes. Community engagement 
is similar to ‘public participation’ and ‘public involvement’, with these terms often used 
interchangeably. However, community engagement is the current preferred term as 
it emphasise a greater depth of involvement or engagement in the decision-making 
process and more respect for people. It also connects to a different discourse, and 
represents the development of understanding in the continuum from consultation 
to empowerment.

Community grievance  a grievance mechanism specifically designed to enable access by members of
mechanism project-affected communities.
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Community infrastructure   Public and private services and facilities that contribute to the general quality of life (e.g., 
health, transportation, power, education, water and water quality, sanitation services).

Community mindedness  the extent to which individuals in a particular location have a notion of being part 
of a community, and of helping out in the community by participating in community 
activities, and being a good neighbour (i.e. having neighbourliness). 

Community profile  a description of the communities likely to be affected by a planned intervention. 

Community visioning  a process of developing consensus about what future the community wants, and 
then deciding what is necessary to achieve it. It is both the process of creating a 
vision, and the product of the vision.

Company town  a settlement where the vast majority of people work for the same company or at 
least one of the many companies servicing the same project.

Compensation   where impacts cannot be avoided compensation means making restitution to 
people either individually or collectively. Compensation can be in the form of cash 
payments, or it can by in the form of the provision of other development activities, 
such as the provision of a hospital or a school or a public library. While compensation 
can be in response to a legal requirement stemming from the property rights of the 
affected community, it can also be done by the proponent as a goodwill gesture or 
as a negotiated outcome.

Competent authority  any person or organization that has the legally-delegated or invested authority, 
capacity, or power to perform a designated function. In SIA/EIA terms, it usually 
refers to the authority that grants an environmental licence. (also see Regulatory 
agency)

Compliance  means complying with the law and any regulations governing the activity. In an 
impact assessment context, it refers to the extent to which project licencing 
conditionalities have been observed. Generally it is expected that there would be a 
periodic audit or follow-up to ensure compliance. 

Compliance Advisor  an independent office (reporting directly to the President of the IFC/World Bank
Ombudsman (CAO)  Group) that responds to complaints from those affected by IFC-financed projects. 

It only considers whether the IFC has followed appropriate procedures. 

Complicity  a word used in the human rights discourse. Companies must not be complicit in 
the human rights abuses of third parties. Complicity is regarded as comprising any 
of the following: caused or contributed to the human rights abuse by enabling, 
exacerbating or facilitating the abuse; knew or should have foreseen that human 
rights abuses would be likely to occur from its conduct; and was proximate to the 
human rights abuse either geographically or through the strength, duration or tone 
of its relationships.

Conditionalities  in development assistance, this refers to the use of conditions attached to a loan, 
debt relief or bilateral aid; in environmental licensing it refers to the conditions of 
the licence. 

Conflict resolution/  development interventions often change power relationships between groups in
management  society. Some groups stand to lose while others gain from such interventions and 

as a result conflicts may emerge. Conflicts are a normal part of social interaction, 
but when they become dysfunctional they have a negative impact on all who are 
involved. Effective mechanisms and techniques for conflict prevention, management 
and resolution are thus necessary for resolving conflicts or keeping them within 
acceptable limits. Transparency and information-sharing can eliminate conflicts 
caused by incomplete or distorted knowledge. Acceptance and ample space 
for expressions of different viewpoints can prevent the development of more 
destructive forms of conflict.
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Consent   another word for being in agreement with something. It can also mean having the 
power to be able to give or withhold approval for a project. Thus a regulatory agency 
has responsibility for determining consent conditions. In some circumstances, local 
people might also have the ability to give or withhold consent for a project (see 
FPIC). The concept of consent is highly associated with trust. An SIA practitioner can 
often build consent for the SIA process (if not the project) by showing that there is 
an issue that needs to be addressed, that a broad spectrum of groups are involved 
in addressing it, and that the process to solve the problem is fair.

Cosmology  the understanding of the origin, history, evolution and cultural laws pertaining to 
the cosmos or universe in a particular culture or mythological system.

Cost Benefit Analysis   (also called Benefit-Cost Analysis) is an economics approach to assess alternatives 
for a business usually by determining the ratio of benefits to costs. In past decades, 
it was widely used in impact assessment, but it has not been popular in SIA because 
it seeks to render all impacts in monetarised terms only.

Counterfactual  In psychology, a counterfactual refers to a mental representation or image of an 
alternative trajectory, past or future, as a way of conceiving other possibilities to 
what actually happened. This enables individuals to process their feelings about 
past events (such as in relation to blame, guilt, regret, and ‘why me?’ concerns, etc) 
and also as a way of learning from experiences. This learning can be formalised 
in scenario analysis. In evaluation circles, however, counterfactual has a different 
meaning, referring to a comparison between what actually happened and what 
would have happened in the absence of the intervention. 

Cultural affrontage   a deliberate act that is insulting or deeply offensive, such as the violation or 
desecration of sacred sites, or the deliberate breaking of taboos or other 
significant cultural mores.

Cultural heritage  refers to the legacy of physical artefacts and the intangible qualities of a group 
or society that are inherited from past generations, maintained in the present, 
and bestowed for the benefit of future generations. Cultural heritage includes 
tangible culture (such as buildings, monuments, books, works of art, and artefacts), 
intangible culture (such as folklore, traditions, language and traditional knowledge), 
and natural heritage (including culturally-significant landscapes, important wildlife 
habitats, and biodiversity).

Cultural heritage   the process of evaluating the likely impacts of a proposed development on
impact assessment  the physical manifestations of a community’s cultural heritage including sites, 

structures, and remains of archaeological, architectural, historical, religious, 
spiritual, cultural, ecological or aesthetic value or significance. Impacts on intangible 
cultural heritage would be assessed in a cultural impact assessment. 

Cultural impact assessment  a form of impact assessment that considers the impacts of a project specifically 
on the culture of a particular social group (such as an Indigenous or specific 
ethnic group). It would consider, amongst other things, the values, belief 
systems, customary laws, language(s), customs, economy, relationships with 
the local environment and particular species, social organization and traditions 
of the affected community. Given that cultural impacts should be part of SIA, 
cultural impact assessment is a subcomponent of SIA, but is closely tied to other 
social impacts making it a meaningless distinction, except insofar as it signifies 
the perspective and purpose of the impact assessment – i.e. SIA directed to 
understanding the social impacts of a project on the culture of the local community. 

Cultural sensitivity  an individual quality of being aware of cultural differences and of knowing how to 
operate in cross-cultural situations. Many social impacts arise because of the lack 
of cultural sensitivity of many project staff.
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Culture   the material and non-material aspects of a way of life that are shaped and transmitted 
among members of a community or a larger society. Sometimes referred to as the 
shared beliefs, values, norms, behaviours, language, and material objects that are 
passed from one generation to the next.

Cumulative impacts  the successive, incremental and combined impacts of one or more projects (existing, 
current and foreseeable future projects) on society, the economy or the environment. 
They can result from the aggregation and/or interaction of impacts within a social or 
environmental system and are defined from the perspective of 
the people or environment experiencing them. 

Customary law  cultural practices and beliefs which are such a vital and intrinsic part of the social and 
economic system of a particular culture that they are treated as if they were laws and 
given (semi)legal standing – thus customs that are accepted as legal requirements or 
obligatory rules of conduct.

Customary rights  rights which apply because of custom or culture. 

Cut-off date  a term used in resettlement processes to refer to the date after which people will not 
be not included in the list of identified project-affected persons and therefore entitled 
to resettlement assistance and compensation. 

Deliberation  (and deliberativeness) a multidimensional concept that can be defined as dialogue 
intended to induce deep reflection (i.e. serious consideration) of options and 
possibilities in an open and inclusive way (i.e. without the intrusion of power or 
politics), and that considers the concerns of all stakeholders.

Deliberative space  a physical setting that is conducive to deliberativeness. 

Demonstration effect  the consequences on individuals that come from observing other people. In SIA 
this can include situations where members of a host community try to emulate the 
lifestyles, behaviours, attitudes and/or language of newcomers such as expat workers 
or tourists. This can lead to many negative social impacts, including increased costs 
of living, frustration, and problematic culture change. Potentially it can also lead 
to positive social impacts in the form of knowledge transfer between international 
contractors and SMEs.

Direct impact (or effect)   an impact which occurs as a direct result of the planned intervention. May also be 
called primary impact or first order impact. In SIA, it refers to social changes and social 
impacts caused directly by the project itself, such as the annoyance to people of noise 
generated by machinery associated with the project.

Disclosure  often stated as ‘full and frank disclosure’, a policy of ‘open disclosure’, or as a ‘duty 
of disclosure’, this is a term with legal and semi-legal connotations that refers to the 
obligation of parties in a negotiation to reveal everything that is considered relevant to 
the matter under consideration (i.e. materiality). 

Discourse  ‘discourse’ implies everything around language and conversation, including everything 
that language use entails, such as the active construction of thoughts, identities, and 
actions. It is a social construction that provides the set of possible statements about 
a given area, and organises and gives structure to the manner in which a particular 
topic, object, or process is to be talked about. Discourse provides descriptions, rules, 
permissions and prohibitions of social and individual action.

Displacement   whereas resettlement is the active process of relocating people because of a project, 
displacement is the personal and social experience of the upheaval of relocation, the 
process of losing one’s sense of place. In resettlement processes, physical displacement 
refers to the loss of housing resulting from project-related acquisition of land and/or 
restrictions on landuse that require the affected persons to move to another location. 
Economic displacement refers to situations where people’s houses are not affected but 
where there is a loss of other assets or access to assets (e.g. agricultural land) that will 
result in a disruption of livelihoods and associated loss of income.
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Dispute resolution   a concept relating to agreements and contracts (and often a clause within them)
process   about what will happen if they is a disagreement about the interpretation of the 

contract/agreement or a disagreement between the parties to the agreement. 
It is different to a grievance mechanism.

Due diligence  in general terms, due diligence is an investigation a person or company would 
conduct before signing a contract or before making an acquisition, especially in 
situations where there may be some risks. In SIA, due diligence refers to much the 
same concept except with more reference to the UNGP Principle 17 which states 
that “In order to identify, prevent, mitigate and account for how they address their 
adverse human rights impacts, business enterprises should carry out human rights 
due diligence. The process should include assessing actual and potential human 
rights impacts, integrating and acting upon the findings, tracking responses, and 
communicating how impacts are addressed.”

Duty-bearer   in the human rights-based approach, human rights entail both rights (and thus 
rights-holders) and obligations (and thus duty-bearer). In human rights law, duty-
bearers tend to be primarily States, but arguably also include all individuals, but 
particularly companies, and their suppliers and contractors. Under international 
law, States assume obligations and duties to respect, to protect and to fulfil human 
rights. The obligation to respect means that States must refrain from interfering 
with or curtailing the enjoyment of human rights. The obligation to protect requires 
States to protect individuals and groups against human rights abuses. The obligation 
to fulfil means that States must take positive action to facilitate the enjoyment of 
basic human rights. At the individual level, while we are entitled our human rights, 
we should also respect the human rights of others.

Duty of care   An obligation to take reasonable care to avoid causing foreseeable harm to another 
person or their property. An SIA practitioner has a professional duty of care to the 
client and an ethical responsibility to the community to ensure that all appropriate 
issues have been raised.

Economic dependency  a situation where a local community or region depends heavily on one company or 
industry, in other words, when a high proportion of people in the region work for 
that company or industry.

Economic displacement   refers to the upheaval and social impacts (i.e. displacement) that are due not to 
relocation of the place of residence, but to the loss of economic livelihood, such 
as when farmers lose their farming land, or when water pollution destroys the 
livelihoods of fishers.

Ecosystem services  the idea that the environment (an ecosystem) provides a range of services 
(and products) on which humans depend. These are usually regarded as being: 
provisioning (e.g. the production of food and water); regulating (e.g. the control 
of climate and disease); supporting (e.g. nutrient cycles and crop pollination); and 
cultural (e.g. spiritual and recreational benefits). To help inform decision-makers, 
ecosystem services are often assigned economic value.

Elite capture  a situation in which resources that were intended for the benefit of the larger 
population are usurped (captured) by a small wealthy, powerful group within 
society, an economic, political, educational, or ethnic elite.

Emerging market  another way of referring to a developing country.

Eminent domain   refers to the power of the State to compulsorily acquire private property. 
This might be done to resume (expropriate) land for highways, airports, etc. 
Occasionally the State extends its power to enable private sector projects to 
proceed when they are deemed to be in the national interest. 

 
006899

ADMINISTRATIVE RECORD - Scan 3 - Page 191 of 235

- Page 2073 -



81 Guidance for assessing and managing the social impacts of projects

Empowerment   is the enhancement of the assets and capabilities of diverse individuals and 
groups to engage and influence economic and social institutions, and to increase 
the accountability of public institutions. A participatory process which places or 
transfers decision-making responsibility and the resources to act into the hands 
of those who will benefit. This can include (i) capacity building for stakeholder 
organizations; (ii) strengthening legal status of stakeholder organizations; (iii) 
stakeholder authority to manage funds, hire and fire workers, supervise work, 
and procure materials; (iv) stakeholder authority to certify satisfactory completion 
of project and establish monitoring and evaluation indicators and (v) support for 
new and spontaneous initiatives by stakeholders. 

Enhancement  deliberate attempts taken in the design and subsequent phases of projects to ensure 
the achievement of a wide range of direct and indirect development outcomes. 

Environment   a very vague concept that is defined in different ways in different settings. In some 
jurisdictions, it includes ecosystems and their constituent parts, including people 
and communities; natural and physical resources; the qualities and characteristics 
of locations, places and areas; and the social, economic, cultural, aesthetic and 
heritage aspects of all these elements. In other jurisdictions, the environment refers 
only to the biophysical elements, such as water, air, soil, flora and fauna.

Environmental bond   a financial instrument (often in the form of an escrow account) that provides surety 
to ensuring that a project will meet its environmental rehabilitation requirements. 

Environmental Impact   a formal process used to predict the likely environmental consequences (positive or
Assessment (EIA)  negative) of a plan, policy, program, or project prior to implementation, usually as 

part of the regulatory (environmental licensing) procedure. 

Environmental Impact   the formal document produced by an EIA which is submitted to the
Statement (EIS)  competent authority.

Environmental licence   an administrative permit issued by a competent authority by which the operator 
of a productive activity or an infrastructure work is given permission to carry out 
the actions for which the license is requested, although perhaps on the basis that a 
number of operating conditions are fulfilled, certain use limitations are respected, 
and certain measures are implemented for containment, minimization and 
avoidance of any social or environmental impacts the activity or work may cause.

Environmental Management  an on-going and planned series of activities, based on the concept of continuous
System (EMS)  improvement, undertaken by a business to better manage its environmental 

impacts. It is prescribed by the ISO 14001 Standard. 

Escrow account  refers to monies held in trust by a third party according to terms of an agreement 
and which are only released when the conditions of the agreement have been filled 
and/or with the consent of the contracting parties and/or by a court order or other 
legal action.

ESHIA  Environmental, Social and Health Impact Assessment.

Equality impact assessment   usually abbreviated EqIA to differentiate it from EIA, assesses the equity and 
discrimination considerations in all policies and strategies especially with respect 
to vulnerable groups.
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Equator Principles   a corporate social responsibility and sustainability framework for the global finance 
industry. More specifically, it is a risk management framework adopted by financial 
institutions (i.e. banks) for determining, assessing and managing environmental and 
social risk in projects anywhere in the world and for all industry sectors. It is primarily 
intended to provide a minimum standard for due diligence to support responsible risk 
decision-making. Banks that adopt the Equator Principles commit to implementing 
the principles in their internal environmental and social policies, procedures, and 
standards for financing projects and agree to “not provide Project Finance or Project-
Related Corporate Loans to projects where the client will not, or is unable to, comply 
with the EP”. Essentially the EP are a set of high level principles. For operational 
guidelines, the EP requires compliance with the IFC Performance Standards.

Ex-ante assessment   in advance. Most impact assessments are ex-ante, a prediction about the likely 
impacts of a planned intervention; in other words, about something that has not 
yet happened.

Ex-post assessment   after the event. Ex-post assessments are in effect evaluations of the impacts of a 
particular project or policy.

Exit strategy  in an SIA/project sense, this refers to the consideration that a company needs to 
give as to how they will extract themselves from long-term obligations that are not 
core business.

Expropriate/expropriation   refers to the ability of a public sector agency, or a corporation authorised by 
government, to acquire land and other resources, without the consent of existing 
users or residents. (also see Eminent domain)

Externality  an economics terms that refers to the costs (and thus impacts) that are considered 
to be external or irrelevant to the consideration being made, thus typically the 
environmental and social impacts. A principle of sustainability is to internalise 
the externalities. 

Facilitation  the process of enabling groups and organizations to achieve their goals by assisting 
them in the processes they use to collaborate with each other. A facilitator is usually 
independent, trained and experienced in facilitation skills, and has a repertoire of 
techniques to use, selected according to the purpose and interests of the group 
being facilitated. In an SIA and/or community engagement process, it is a facilitator 
who normally manages the engagement processes. Key skills are impartiality, an 
ability to set people at ease, a good understanding of social process and a good 
knowledge of a wide variety of techniques and of when to use which technique.

Facipulation  a made-up word that combines the words facilitation and manipulation. It refers to 
the feeling that people have when they participated in an engagement process but 
were left feeling that they had been manipulated.

Fear of crime  refers to an abnormal fear people experience about being a victim of crime. Rapid 
change in a community can increase people’s fear of crime so that their fear is out 
of proportion in relation to the actual probability of crime. Fear of crime is a very 
debilitating condition because it changes people’s behaviour, affects how they feel 
about their community and it affects their general wellbeing.

Fenceline  an expression that refers to the boundary around a project site. It is intended to be a 
way of designating between internal issues and external issues. However, while this 
may be evident in a technical sense, it is not straightforward, and in terms of social 
and human rights issues is irrelevant.

Fenceline communities   refers to the communities that are the immediate neighbours of the project and 
that are particularly vulnerable to the direct impacts of a project, such as noise, 
dust and vibrations.
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FIFO  fly in, fly out. An acronym that refers to the use of workers who are not normally 
resident in the vicinity of the project and who are brought in, usually for blocks of 
time, as workers. 

First order impact  the impacts that are the immediate, direct consequences of a project.

Fixed income earners  refers to those people whose income (from jobs or pensions) is fixed, i.e. not 
adjusted for inflation or cost of living issues. Boomtowns usually experience local 
inflation. While people who are associated with the project are paid a sufficient 
amount to cope with the cost of living increases (and are usually the cause of the 
inflation), many people receive incomes that are not adjusted to local levels. These 
include not only pensioners, but in effect people on salaries that are set at a national 
level like nurses, teachers, police officers, and other people who work 
in government.

Footprint  is a vague term that can be shorthand for ecological footprint or a carbon footprint, 
but can also mean the immediate physical space occupied by a project. 

Foreign direct investment   a business term referring to investments that relate to the gaining of a controlling 
ownership (typically regarded as being 10% or more shareholding) in a business 
enterprise in one country by an entity based in another country. 

FPIC  free, prior and informed consent (see the discussion about this in this document).

Front end loading  a term from project management that implies spending more money upfront in 
order to have a better design and thus save money later on. Not to be confused with 
a ‘front end loader’, which is a vehicle (piece of equipment) that can scoop up dirt 
and other materials.

Gatekeeper  a person or institution that controls access to something. Gatekeepers can 
have formal or informal roles. In an SIA context, the concept often refers to the 
individuals who can the power to help or hinder the access of the consultants to a 
particular community. In other words, they have a key influential position. 

Gender   refers to the socially-constructed roles ascribed to males and females. These roles 
are learned, change over time, and vary widely within and across cultures. 

Gender analysis   a process used to consider and understand the gendered nature of the implications 
of a planned intervention on women, as well as of men, in the cultural context of the 
communities affected. A gender analysis should consider sex and gender differences. 

Gentrification  the gradual process by which a location (typically an inner-city suburb or a village 
in an aesthetic location) transforms from being working class to middle or upper-
middle class in character and composition. A consequence of this process is 
increasing property values and home rental cost leading to the displacement of 
former residents. When gentrification leads to touristification, it can also lead to 
conflict between established residents (old-timers) and tourists and/or the new 
residents (newcomers).

Good governance  a normative understanding about how governance (of any organisation) should 
occur, including a commitment to accountability, transparency, the rule of law, 
capacity building, inclusive and participatory process. 

Good practice  what is currently considered to be appropriate and expected (i.e. conventional 
rather than cutting edge) in a field of practice. In contrast, best practice means 
cutting edge or leading, and thus good to advocate, but cannot be expected in 
all circumstances.
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Governance   refers to the ways organizations, institutions, businesses, and governments manage 
their affairs. It is the act of governing, involving the application of laws and regulations, 
but also customs, ethical standards and norms. (also see Good governance)

Governance gap  there are many governance gaps, but in general they refer to the difference between 
the ideal (or least what would normally be expected as proper) and the actual 
practice of governance. In the impact assessment and business & society discourses, 
the gap tends to refer to the lack of scrutiny over multinational companies in their 
activities in developing countries. 

Greenfield  refers to project development that takes place somewhere with no previous 
development experience, in other words no legacy issues. 

Grievance   any perceived concern evoking an individual or group’s sense of entitlement 
or having been wronged, based on law, contract, explicit or implicit promises, 
customary practice or general notions of fairness.

Grievance mechanism   a formal, legal or non-legal (judicial/non-judicial) process to address complaints 
that can be accessed by individuals, workers, communities and/or civil society 
organisations who are or feel they are being negatively affected by the activities 
of a project or business.

Guiding Principles  tends to refer to the United Nations Guiding Principles on Business and 
Human Rights.

Higher order impact   the indirect social impacts that happen after the immediate first order impacts in 
the chain of impacts that arise from a project.

Homelessness  a personal situation of being without a home, of not having a regular place to stay. 
At one level it can refer to people of no fixed abode who depend on emergency 
housing services who otherwise would sleep on the streets (i.e. ‘sleeping rough’); 
at another level it can mean the feeling of alienation such that even though there 
may be a physically adequate place of residence, other emotional elements about it 
mean that it does not feel like home.

Honeypot effect  or project-induced in-migration; people may move to the project site in an attempt 
to become regarded as an affected person and therefore eligible for compensation 
or in search of work or economic opportunities that arise from the project.

Host communities  refers to those communities that are near to project sites, that host the project and 
its workers, in other words the impacted communities. In resettlement planning, it 
refers to the existing communities that will absorb people who are being relocated.

Human capital   the education, skills, knowledge, ability to labour, and good health that together 
enable people to pursue their livelihood objectives. (also see Capitals)

Human rights  universal legal guarantees protecting individuals and groups against actions and 
omissions that interfere with fundamental freedoms, entitlements and human 
dignity. Human rights law obliges Governments (principally) and other duty-bearers 
to do certain things and prevents them from doing others.

Human rights-based   refers to a conceptual framework that is normatively based on international human
approach (human   rights standards and operationally directed towards promoting and protecting
rights lens)  human rights. It is an approach (to health, to development cooperation, etc) 

that: (1) positions human rights as a core element; (2) demands accountability 
and transparency among duty-bearers; (3) fosters empowerment and capacity 
development of rights-holders to, inter alia, hold duty-bearers to account; (4) views 
meaningful participation of rights-holders as a right, not simply as best practice; 
and (5) ensures non-discrimination as well as prioritises vulnerable groups.
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Human rights due diligence  refers to the expectation under the United Nations Guiding Principles on Business 
and Human Rights that companies should fully satisfy themselves that a proposed 
business action, transaction or acquisition has no hidden human rights risks (in other 
words, not only risks to the company, but also risks to people and communities). 
Since many social impacts are also human rights issues, affected stakeholders may 
be rights-holders with legal rights.

IAIA International Association for Impact Assessment, http://www.iaia.org 

IAP2 International Association for Public Participation, http://www.iap2.org 

ICMM International Council on Mining and Metals, http://www.icmm.com

IFC  International Finance Corporation, the private sector lending arm of the World Bank 
Group. It is particularly significant because its performance standards have become 
an international benchmark, and are the basis of the Equator Principles.

Impact  an economic, social, environmental, and other consequence that can be reasonably 
foreseen and measured in advance if a proposed action is implemented.

Impact assessment  the process of identifying the future consequences of a current or proposed action.

Impact equity  the notion that the impacts in a society or of a project should be shared in an 
equitable manner, at least that there should be consideration given to the fair 
distribution of negative and positive impacts. For example, the flight paths for an 
airport might be adjusted to share the noise burden rather the same people having 
all the noise.

Impact history  refers to the past experience a community has had with other projects. This affects 
the way they relate to new projects and how much trust they might have. It also 
means that there may be legacy issues that a new operator has to deal with.

Impact pathways or   refers to the links between primary impacts (first order impacts) and secondary
impact chains  impacts; as well as the links between social change process such as inmigration. 

Impacted communities  those communities (the host communities) that are impacted by a project.

Impacts & Benefits  a legally-binding agreement between a company and a community (sometimes also
Agreement (IBA)  involving government) that outlines the likely negative impacts a project will create, 

the mitigation efforts a company will undertake, and the extent of contributions the 
company will provide to the community in the form of jobs and other benefits such 
as social investment contributions.

Impoverishment  the process of becoming impoverished (resulting in poverty). The loss of livelihoods 
from the displacement caused by projects can lead to impoverishment.

Indicator (see Social indicator) 

Indigenous knowledge (see Local knowledge)

Indigenous people   broadly defined as a distinct social and cultural group exhibiting the following 
characteristics to some extent: self-identification as a member of a distinct 
cultural group and recognition of this identity by others; collective attachment to a 
geographically-distinct habitat or ancestral territory and to the natural resources 
therein; customary cultural, economic, social, and/or political institutions that are 
separate from those of the dominant society or culture; a language which often 
different from the official language of the country or region. 
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Indirect impact (effect)  an impact which occurs as a result of another change which is caused by a planned 
intervention. In SIA, an indirect effect might be caused by a physical change to the 
environment. For example, a mine might increase river turbidity which might reduce 
the supply of fish which may reduce the economic livelihoods of fishing dependent 
villagers. These can also be secondary effects, second or higher order effects.

Influx management   the process of managing the large numbers of people who come to project sites in 
search of economic opportunities (see Honeypot effect).

Informal economy   refers to that part of the economy that avoids regulation, taxation or control 
by government, either because it operates illegally, or because it operates on a 
small-scale, cash basis. 

Informal settlements   townships that develop informally, that is without proper planning and usually in 
violation of building codes and planning schemes, typically on land to which the 
inhabitants do not have proper entitlement, often using discarded materials to make 
temporary dwellings. 

Informed consent  the most basic ethical principle in undertaking research with humans; basically 
that the intended research participant has the right to decide whether or not to 
participate, and that they should make this decision on the basis of full information 
about the research and the likely risks to them. Informed consent is often recorded 
by the participant signing an Informed Consent Form. SIA practitioners should 
practice informed consent with the participants in SIA data collection. 

Intangible cultural heritage  (see Cultural heritage)

Interested and   groups, organisations, and/or individuals who believe that an action might
affected publics  affect them or who are otherwise involved in the decision process (also called 

stakeholders). (also see Affected parties)

Intrinsic value  a philosophical concept that an object or entity (such as nature, a specific location, 
a rare species) has an inherent value or quality beyond its instrumental or use value 
to humans. 

Involuntary resettlement   the resettlement of people by a project in situations where the state power of 
eminent domain was exercised or threatened to be applied (also see Resettlement).

IPIECA   the global oil and gas industry association for environmental and social issues 
http://www.ipieca.org/

Irremediability  irreparable harm, negative impacts that can not be mitigated or redressed. 

Irreparability  unable to be repaired.

Key Performance   refers to the indicators that are set to measure the performance of a company or
Indicators (KPIs)  person. Monitoring indicators are not usually regarded as KPIs, but the adequacy of 

monitoring should be a KPI for the manager responsible for monitoring; and the lack 
of exceedances should be a KPI for a company.

Knowing and showing  a phrase made popular by John Ruggie. Rather than companies be vulnerable 
and exposed by being named and shamed, instead they should demonstrate that 
they have internalized their respect for human rights by their commitment to due 
diligence processes. 

Land tenure system  the legal arrangements by which the ownership of land and any process for the 
intergenerational transfer or sale of land ownership are formally established. 

Landscape restoration  (see Rehabilitation)
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Latent conflict  refers to conflict in a community that is latent, that is hidden or concealed. 
Project staff may not realise the presence of tension in a community.

Leading practice   in effect the same as best practice, but perhaps with the idea that what is leading 
always changes and therefore it is a relative concept. It tends to refer to an attitude 
of a company (to be a leading practice organisation) rather than being a property 
of practice.

Legacy issues  The general meaning of legacy is something that is left behind, such as when a 
person dies (what they leave to others in their will), or when they retire from 
their job (when they have created value or made a mess), but it can also refer 
to what a project or a company leaves behind. Although the word is arguably 
neutral/bidirectional and can mean the positive state of affairs and contribution 
to development outcomes, in SIA it typically refers to the mess left behind by past 
projects. In the extractive sector, it largely refers to the pollution and contamination 
left behind, such as acid mine drainage. It is important to appreciate that the legacy 
issues of other projects affect the trust of a community to accept a new project.

Legitimacy  a concept that means that the actions of one party are considered by an individual 
or group to be desirable, proper, appropriate, or at least acceptable from the 
normative perspective of the other party. Legitimacy can be interpreted in multiple 
ways, including as legal legitimacy, political legitimacy, moral legitimacy and social 
legitimacy. On its own, in an SIA context at least, ‘legitimacy’ is normally understood 
as being ‘social legitimacy’; the extent to which an action is socially acceptable.

LGBT/LGBTIQ   lesbian, gay, bisexual, transgender, intersex and queer people. Some other variants 
of the acronym also include ‘questioning’. LGBT, LGBT+ and LGBTIQ are the typical 
inclusive acronyms used in discussions of sexual orientation and gender identity 
(SOGI). LGBTIQ people are frequently discriminated against and therefore are 
amongst the marginalised and vulnerable groups in society.

Licensing process  the process by which an operator obtains an environmental licence or permit, and 
the process by which the regulatory agency determines whether it should be given.

Lifeworld  a social science concept that refers to the lived experiences of people and to 
their everyday lives. It implies taking their perspective in the analysis or 
narrative presented.

Linear projects  projects like pipelines, highways, railways, transmission lines and irrigation systems 
that affect a narrow strip of land but extend for many kilometres. 

Liveability   the aspects of a place which make its inhabitants happy to live and work there, and 
which provides a high quality of life for all its inhabitants.

Livelihood  refers to the way of life of a person or household and how they make a living, in 
particular, how they secure the basic necessities of life, e.g. their food, water, shelter 
and clothing, and live in the community. (also see Sustainable livelihoods)

Livelihood Restoration   a plan produced as part of a resettlement process to restore and enhance people’s
and Enhancement Plan   livelihoods after being resettled or economically displaced.

Local content  refers to the requirement, expectation or commitment of a company to ensure that 
value is retained locally through employment and/or procurement.

Local knowledge   the knowledge that people in a given locality or community have developed 
over time and which they continue to develop. It refers to the collection of facts 
and systems of concepts, beliefs and perceptions that people have about the 
world around them. It also includes the way people observe and measure their 
surroundings, how they solve problems and validate information. A wide range of 
terms is used: Indigenous Knowledge, Indigenous Technical Knowledge, Traditional 
Knowledge, Traditional Ecological Knowledge or Traditional Environmental 
Knowledge, and Aboriginal Knowledge. 

 
006906

ADMINISTRATIVE RECORD - Scan 3 - Page 198 of 235

- Page 2080 -



88 Guidance for assessing and managing the social impacts of projects

Local procurement  refers to the deliberate company policies and enabling strategies to procure goods 
and services from local suppliers so as to enhance the benefits of the project to the 
local community.

Marginalised groups   (see Minority groups and Vulnerable groups)

Marginalisation   refers to the social and economic processes that make minority groups and/or 
vulnerable groups worse off. 

Materiality  a legal concept that refers to whether something is relevant to the matter at 
hand. For example, it can refer to what should be disclosed as part of good 
faith negotiation. It can also refer to what should be considered in sustainability 
reporting.

Mental health   simply put is the level of psychological wellbeing and the absence of any mental 
disorder. Mental health includes an individual’s ability to enjoy life, as well as their 
subjective wellbeing, perceived self-efficacy, autonomy, competence, and self-
actualization of their intellectual and emotional potential. 

Microfinance  a variety of banking services (typically the provision of small loans) to assist low 
income people (especially women) to establish small businesses. Microfinance 
arrangements are very important because they provide finance for people who 
otherwise are excluded from access to capital due to the small value of the 
requested loan, their low income, lack of collateral, and non-existent or poor loan 
history.

Mindmap  a mindmap is a diagram that is a way of presenting ideas and thoughts; 
mindmapping is a process of organising information and ideas.

Minority groups  a social science term used to refer to members of designated social groupings 
that are differentiated or differentiable from mainstream society. They typically: 
experience discrimination and subordination; have physical and/or cultural traits 
that set them apart, and for which they are marginalized by the dominant group; a 
shared sense of collective identity and common burdens; socially-shared rules about 
who belongs and who does not determine minority status; and tendency to marry 
within the group. 

Mitigatability able to be mitigated.

Mitigation   the process of devising and implementing processes, procedures and/or changes 
to a planned intervention in order to avoid, reduce or minimise, or to compensate 
(offset) for impacts likely to be experienced.

Mitigation hierarchy   a framework for planning mitigation actions. A short form of it is: Avoid, Reduce, 
Repair, Compensate. A longer form goes: avoid at source; minimise at source; abate 
on site; abate at receptor; repair; compensate in kind; compensate by other means.

Monitoring  can refer to a process of checking for compliance to conditions of consent for a 
planned intervention to go ahead, but typically refers to the process of ongoing 
testing to determine that there are no unanticipated impacts.

Moral outrage  anger provoked by the perception or belief that some moral standard, such as a 
standard of fairness or justice, has been violated.

Multiplier effect (see Regional multiplier)

Naming and shaming   a strategy that attempts to build commitment or compliance to expected norms 
and/or good practice by publicising the names of wrong-doers or offenders. It is 
often contrasted with ‘knowing and showing’.
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Needs assessment  a systematic procedure for determining client or community issues and ranking of 
importance as a component of program development. Needs assessment is the 
forerunner of modern day public involvement programs.

Newcomers  new residents in a particular location.

NIMBY  an acronym that stands for ‘Not In My BackYard’. It refers to the reaction often 
obtained when considering the siting of locally-unwanted landuses (LULUs) like 
airports, landfill sites, windfarms, etc.

Non-technical risks  relate to the managerial, legal, social and political aspects of a project. In industry 
thinking, they are sometimes regarded as being ‘external’ risks (or even ‘above 
ground’), as they are considered to occur as a result of circumstances outside the 
control of the project managers.

Normalisation  the attempt to avoid the development of a company town or a boomtown ethos, 
or to convert a company town into a more normal community life.

Normative   a normative perspective or judgement means the making of claims about how 
things should or ought to be, how to value them, which things are good or bad, and 
which actions are right or wrong; usually by reference to an ethical principle, or 
arguably by reference to an international code or standard that is beyond the legal 
requirements (if it was legally-required, it would not be a normative requirement). 

Oldtimers   a colloquial expression referring to the long-term residents of a location, used in 
contrast to the newcomers. The interests of oldtimers are often different to those 
of newcomers. 

Outcomes  in evaluation, program logic and project management, outcomes are the higher-
order goals and objectives of the program.

Outputs  in evaluation, program logic and project management, outputs refers to the 
products of the program. The important concept is that outputs are rarely the 
intended outcomes, they are merely a stepping stone to achieve the outcomes.

PAPs  (see Project affected people)

Paradigm  the set of practices, methods, theories and understandings that held by a scientific 
discipline (and thus define it) at a particular period of time. In other words, the 
worldview of a field of research, i.e. what the body of scholars and practitioners in 
a particular field of enquiry consider to be current good practice.

Participation   a process through which stakeholders influence and share control over 
development initiatives and the decisions and resources which affect them. It is a 
process which can improve the quality, effectiveness and sustainability of projects 
and strengthen ownership and commitment of government and stakeholders.

Participation Agreement (see Impacts & Benefits Agreement)

Participatory monitoring   the involvement of stakeholders in monitoring activities and the verification of 
information to ensure the legitimacy of the monitoring process and the project as a 
whole. 

Perceived impact  something that is believed to be a potential impact rather than something that has 
been established as being an actual impact. Note that perceived impacts affect 
how people feel about the project and how they feel and behave generally, thus 
perception is reality for them.
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Performance standards   a performance standard is a generic concept that articulates the expected 
standard of practice or achievement. In an SIA context, it typically refers to the 
International Finance Corporation’s Performance Standards for Environmental 
and Social Sustainability.

Permitting process  the regulatory process of assessing and approving a project. 
(also see Environmental licence)

Physical displacement   (see Displacement)

PIMBY   please in my backyard. The opposite of NIMBY, this is a way of thinking about 
gaining a social licence to operate so that people would be welcome to projects 
occurring nearby.

Place   geographical space that has been given meaning (negative as well as positive 
sentiment) because of the personal experiences and/or relationships to it by 
individuals or groups.

Place attachment  the extent to which an individual has positive feelings about their local environment 
and/or community.

Place dependency  similar to place attachment but used to emphasise the extent to which a person is 
dependent on, or tied to, a particular location, and therefore unable to move, and 
thus somewhat vulnerable to changes.

Placelessness  can refer either to locations that lack a ‘spirit of place’, are unauthentic 
or disconnected from their environmental setting; OR it can refer to the 
disconnectedness that individuals feel as a result of having been resettled or 
because of the rate of change in their community. 

Plan   a strategy to achieve identified objectives and/or an implementation agenda.

Planned intervention  a project, plan, policy or program. Basically any considered action that seeks to 
achieve a defined outcome or goal. 

Policy     a document prepared by an organisation that is a statement of principle, or 
an overarching statement of goals or procedural steps, about some matter of 
organisational significance. 

Post-closure planning  (see Closure planning)

Potential impact  an impact that is predicted, rather than an actual impact that has already occurred.

Prediction  the task of identifying likely future impacts for a specific planned intervention.

Primary zone of influence   refers to the social impacts that occur in the primary zone of influence by the 
proposed action and occur in the same time and place.

Profanisation  the process by which sacred objects become ordinary (profane). Exposure to other 
cultures, and especially the sale of cultural artefacts, leads to them losing their 
sacred value. 

Profiling  the process of collecting background information on the characteristics of 
a community and the local environment in the pre-development state. 

Program  a coherent, organised agenda or schedule of commitments, proposals, instruments 
and/or activities that elaborates and implements policy, eventually comprising 
several projects. 
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Project    a proposed capital undertaking, typically involving the planning, design and 
implementation of specified activities.

Project affected person/   a World Bank/IFC term that can sometimes mean anyone who is negatively affected
persons/people (PAPs)  by a project, but can sometimes refer primarily to people who need to be resettled 

or are otherwise displaced as a result of the project.

Project area of influence   includes: the primary project site(s) and related facilities that a proponent 
(or its contractors) develops or controls; associated facilities that are developed as 
a result of the project (even if not directly funded by the project but funded by a 
client or a third party including the government), and whose viability and existence 
depend exclusively on the project and whose goods or services are essential for 
the successful operation of the project; areas potentially impacted by cumulative 
impacts from further planned development of the project; and areas potentially 
affected by impacts from unplanned but predictable developments caused by the 
project that may occur later or at a different location. 

Project-induced in-migration (see Honeypot effect)

Projection  in an SIA context, projections refer to the estimations/extrapolations/predictions/
forecasts about the future state of one or more social impact variables being 
considered.

Proponent  the organisation (government, commercial or NGO) or individual which seeks 
to commence a particular project. In regulatory terms, usually refers to the 
organisation or individual that submitted the Development Application or 
Notification of Intent.

Public comment period   in regulatory impact assessment processes, there is usually a requirement that 
the completed Impact Statement is available to the public for their comment for a 
designated period of time (e.g. 30, 45, 60 or 90 days). 

Public Consultation, although often used interchangeably, there are important distinctions. Arguably 
Public Involvement,   ‘public involvement’ is an over-arching concept relating to the processes of involving  
Public Participation the public in decision-making processes. ‘Consultation’ implies the seeking of the 
and Community   views of the community, whereas ‘participation’ implies actually bringing the public
Engagement  into the decision-making process. 

Quality of life  the general wellbeing of an individual, differing from standard of living in that it 
includes all the subjective, non-economic dimensions of life.

Regional multiplier   an economics term that refers to the ratio of the size of the final total economic 
effect on a regional economy of a specific initial stimulus (such a project) relative 
to the size of the direct impact; the extent to which local investment is amplified 
in a local economy.

Regulatory agency  (regulator, regulatory authority, regulatory body, competent authority) is a public 
authority or government agency responsible for exercising decision making and 
oversight over some area of human activity in a regulatory or supervisory capacity. 
In an SIA context, this may be the Department of Environment or the Department 
of Planning. The agency is responsible for determining the acceptability of an 
Environmental Impact Statement or Social Impact Assessment report and for 
issuing the licence to proceed with the project.

Rehabilitation   in impact assessment, this generally refers to restoring the landscape to how it was 
before the project (restoration), or where this is not possible at least to making the 
landscape acceptable to people (remediation). In mining, for example, it refers to 
replacing the soil layers and re-vegetating the land.
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Replacement cost  an economics and insurance concept that refers to the full cost of replacing an asset. 
The valuation for compensation purposes of assets destroyed by a project can be 
controversial. Insurance assessors often use the depreciated value of an asset. In 
project-induced resettlement and displacement, full replacement cost should be 
provided to ensure that people are not made worse off.

Reputational risk   (or reputational harm) the potential risk to the reputation of an organisation by 
associating or being associated with a particular practice.

Resettlement   the planned process of relocating people and communities from one location to 
another as part of the project-induced land acquisition necessary to allow a project 
to proceed. Resettlement is regarded as involuntary when the location of the project 
is fixed and local communities have, in effect, no choice but to be resettled; whereas 
resettlement is regarded as voluntary when no state power of eminent domain is 
used, threatened, or perceived to be threatened, and the individuals affected do 
have a real choice about whether they will agree to be resettled or not.

Resettlement Action Plan   developed in line with the project’s Resettlement Policy Framework, the RAP
(RAP)   is a detailed strategy as to how a specific resettlement process will actually be 

conducted. The RAP details the processes of recording baseline conditions, 
consulting affected people, and provides a detailed strategy for: (i) minimizing or 
avoiding resettlement; (ii) compensating for losses; (iii) relocating and rebuilding 
as necessary; (iv) ensuring that affected people are afforded the opportunity to 
improve the incomes, income-producing activities, and standards of living that they 
had before the project affected them.

Resettlement Policy  a policy or operational guideline for the project about how issues of land acquisition,
Framework (RPF)  resettlement, compensation and livelihood restoration will be addressed throughout 

the project.

Residual impact   the predicted adverse impacts which remain even after mitigation measured have 
been implemented.

Resilience capacity of a community to recover from impacts that threaten it.

Resistance  the capacity of a community to resist change, to be able to fight back against 
undue development.

Rights-based approach   (see Human rights-based approach)

Rights holder  individuals and groups whose rights have been impacted. Arguably they include 
all stakeholders. The term is in effect similar to stakeholder but the use of ‘rights 
holder’ implies a connection to the human rights-based approach and a pointed 
awareness that these people may have a legal standing.

Risk    can mean the probability of an event occurring; but the term can be used with a 
slightly different meaning to refer to an uncertain event (of unknown probability) 
that, if it occurs, will affect achievement of one or more objectives. Sub-categories 
of risk are often created. For example, non-technical risks (or social risks) relate to 
the managerial, legal, social and political issues of a project; whereas the technical 
risks are the physical, structural, engineering and environmental aspects. 

Rite/ritual a ceremonial act that is an expression of culture and community.

Rootedness  being strongly embedded in the local community – like a tree having roots. 
A component of place attachment, alongside sense of place, rootedness refers to 
a person’s social links (social capital) to others in the community, for example, 
having local relatives, having long-term friends, having close friends, etc. 
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Royalty   in general terms, a royalty is a payment made by one party (the licensee) to another 
(the licensor) for the right to the ongoing use of an asset. In an SIA context, royalties 
are payments made by resource extraction companies to governments and/or 
traditional owners of land for their access to the resources extracted. 

Sabotage   a deliberate act intended to harm a corporation through obstruction, disruption, 
or destruction. Aggrieved stakeholders may take direct action against a project by 
blockading the project, or by destroying equipment either in an attempt to attract 
publicity, retard the project, or simply as an act of revenge. 

Sacred  having spiritual or religious significance. 

Sacred site  a site (location in a landscape) of special spiritual significance to the local people. 
Although usually associated with Indigenous peoples, arguably it can apply more 
broadly to refer to other spiritual and religious sites and shrines of high cultural 
heritage significance.

Safeguard policies  a suite of policies of the World Bank that stipulate environmental and social 
performance.

Scoping  the process of determining the main issues of concern and the interested affected 
parties for a particular planned intervention.

Screening   a selection process to determine whether an impact assessment is required and, 
if so, what type of impact assessment should be done. In a regulatory environment, 
this is specified in the applicable regulations. Although the term is not always used 
in this way, arguably ‘screening’ can apply more generally to refer to determining 
the requirements that need to be met, or procedures that need to be followed, that 
are implied in company procedures, national and international legislation, and/or 
the requirements of financial partners, especially when World Bank, IFC, or Equator 
Principles banks might be involved.

Self-determination  one of the designated human rights that pertains to groups (rather than individuals) 
and which establishes that all peoples should be able to freely determine their 
political status and freely pursue their economic, social and cultural development.

Sense of community (see Community mindedness) 

Sense of place  an individual’s personal relationship with their local environment, both social and 
natural, which the individual experiences in their everyday daily life. 

Shared infrastructure   refers to infrastructure built for the project but which is also made available to 
service local community needs. It can refer to electricity generation, water supply, 
sewerage treatment, as well as to bridges, roads, railway lines, ports and airports.

Shared value  a way of thinking about the role of a company that recognizes that societal needs, 
not just conventional economic needs, define markets, and that the purpose of 
the corporation must be defined as creating shared value not just profit, so society 
benefits as well as the company. This view also acknowledges that social harms 
frequently create costs for firms in the form of social risks and therefore need to 
be carefully managed. 

Significance   the act of assigning some form of prioritisation to the issues to be considered for
(assessment, determination)  further analysis and/or mitigation. Following the scoping process, the impacts are 

assessed for their significance according to some predetermined criteria or in a 
deliberative process with a community liaison committee.

SIMP  Social Impact Management Plan
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SME   small to medium enterprise, defined differently in different countries using number 
of employees and/or annual revenue criteria. When sole operator or very small 
enterprises are exclusively intended, ‘micro enterprise’ is the term used. SMEs 
are important in SIA because they are often disperse, unorganised, and very often 
affected by projects. With care, they can also be significantly positively involved by 
a commitment to local procurement.

Social area of influence   a term that means much the same as ‘area of influence’ but that emphasises the 
social impacts of the project. Because of the mobility of people and the extent of 
social impacts, the social area of influence is likely to be much larger in physical area 
than the physical area of influence.

Social baseline (see Baseline)

Social carrying capacity   refers to the numbers of people a particular location can support. While (ecological) 
carrying capacity is a fairly establish term in ecology, the social carrying capacity 
is a term seldom used by social scientists. Park managers talk about social carrying 
capacity as the number of tourists they think their park can accommodate, and in 
the tourism field, there is a notion about social carrying capacity as the number 
of tourists that a particular tourism attraction (site, village, region, culture) can 
comfortably cope with. 

Social capital  the social resources upon which people draw in pursuit of their livelihood objectives 
including their networks and connectedness, and their relationships of trust, 
reciprocity and exchanges that facilitate cooperation, reduce transaction costs, and 
provide the basis for informal safety nets. It includes the institutions, relationships, 
attitudes, values and shared values and rules for social conduct that govern 
interactions among people and contribute to economic and social development. 

Social change process   an identifiable process of change in project-affected communities that is created, 
initiated, enabled, facilitated and/or exacerbated by a planned intervention. The 
social change process is not in itself a social impact, but may or may not result in 
the experience of social impacts depending on the local context. For example, in-
migration and resettlement are social change processes that may or may not result 
social impacts.

Social determinants   the economic and social conditions, and their distribution in a population, that
of health  influence individual and group differences in health status. It refers to the social 

risk factors in a person’s living and working conditions rather than to the individual 
factors (such as behavioural risk factors or genetics) that influence the risk of 
disease, or vulnerability to disease or injury. The distributions of social determinants 
are shaped by public health and other policies, poor governance, and unfair 
economic arrangements where the already well-off and healthy become even better 
off while the poor who are already more likely to be ill become even poorer.

Social development  in SIA, social development refers to the process of progressing towards the desired 
development goals for a particular society. It is a process of planned social change 
and goes hand-in-hand with economic development. The social development goals 
will vary between locations depending on the local context, but could be about 
enhancing wellbeing and/or economic prosperity, improving sustainable livelihoods, 
improving the provision of basic services in a society such as health and education, 
enhancing social inclusion, building capacity, enhancing good governance, etc. 
Social development is largely similar to community development but with a greater 
emphasis of achieving development outcomes.

Social development refers to the results a particular development intervention is expected to achieve. 
outcomes
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Social disarticulation  the process by which the social networks and support mechanisms within a social 
group are disrupted. It often happens as a result of the fragmentation that occurs 
through resettlement.

Social disintegration   the process of the breaking down of social order in a community. 

Social diversity   refers to the localised mix of social groups and individuals based on characteristics 
such as gender, ethnicity, age, culture and economic background.

Social exclusion  the processes that retard the achievement of social inclusion and social integration, 
and/or that lead to the marginalisation of vulnerable groups.

Social footprint  a concept which attempts to be the social equivalent of ‘ecological footprint’, 
thus a metaphor referring to the extent of social harm created by a project or 
product. It is a concept not favoured by social scientists and thus not used in SIA, 
but some physical scientists promote this concept alongside the ecological footprint.

Social fund  the provision of funding (perhaps but not necessarily as compensation) from a 
project to be directed towards impacted peoples. Social funds are usually managed 
by the community and are intended to be for the furtherance of social projects 
the benefit the community as a whole. They are often calculated as percentage of 
something, such as dollar per Megawatt Hour of electricity produced, or kilotonne of 
ore extracted from a mine. A social fund is not a royalty payment, although royalty 
payments may also be paid into social funds.

Social impact  something that is experienced or felt, in a perceptual or corporeal sense at the level 
of an individual, social unit (family/household/collectivity) or community/society. 
(also see Social change process)

Social Impact Assessment   includes the processes of analysing, monitoring and managing the intended
(long form)   and unintended social consequences, both positive and negative, of planned 

interventions (policies, programs, plans, projects) and any social change processes 
invoked by those interventions. Its primary purpose is to bring about a more 
sustainable and equitable biophysical and human environment.

Social Impact Assessment  analysing, monitoring and managing the social consequences of development. 
(short form)

Social Impact Management   a formal document and associated management system that outlines the strategies
Plan (SIMP)   to be undertaken during the various phases of a development (including closure) 

to monitor, report, evaluate, review and proactively respond to change. Somewhat 
similar to a Social Impact Statement, the idea behind a SIMP is to focus on the 
management strategies to address the impacts rather than just being a listing of 
potential impacts.

Social Impact Statement   the SIA version of an Environmental Impact Statement; a formal document 
submitted to a regulator.

Social inclusion   a social justice concept that refers to a policy commitment and the active strategies 
by government at all levels and civil society to enhance the access of diverse 
individuals and groups to development opportunities and to full participation in 
society through the removal of institutional constraints to participation and the 
provision of incentives and mechanisms for participation.

Social indicator  a statistical measure (variable) used to monitor change in social phenomenon. 
In SIA, social indicators are identified for all of the social issues identified as being 
important topics to monitor.
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Social innovation  a discourse around new ways in meeting the social needs of, or delivering social 
benefits to, communities through the redesign of and/or creation of new, products, 
services, organizational structures, governance structures, policies, procedures and 
activities that are more effective than existing traditional public sector, philanthropic 
and market-reliant approaches in responding to social exclusion. 

Social integration   the ability of different groups in society to live together in productive and 
cooperative harmony and to accommodate differences within a framework of 
common interest to the benefit of all. Social integration implies justice for the 
individual and harmony among different social groups and countries. It means 
integration of disadvantaged and vulnerable groups by making all institutions of 
society more accessible to them.

Social investment  in SIA, social investment refers to the idea that a project should make a contribution 
to local development by making funding available for projects that contribute to 
local development outcomes. Strategic social investment is used when there is a 
clear business case to the company making the funds available.

Social justice   refers to notions of fairness and equity across a society. It is a philosophy about 
respect for human rights, the notion that everyone should have the chance to 
improve themselves, and that they should have the opportunity to participate in 
decisions affecting their own life. 

Social licence to operate   a popular expression to imply that the acceptance of the community is also 
necessary for a project to be successful.

Social licence to   a variant on ‘social licence to operate’ which emphasizes that the acceptance of all
operate and grow  stakeholders is also necessary for the business to expand.

Social management   a management system that specifically addresses the management of social issues in
system   a company/project. 

Social performance  the interface between a project and society; a business organization’s configuration 
of principles of social responsibility, processes of social responsiveness, and 
policies, programs, and observable outcomes as they relate to the firm’s societal 
relationships.

Social profile (see Community profile)

Social return on   is a method for measuring the additional benefit beyond immediate financial return
investment (SROI)  of investments in projects or activities, for example of social investment funding. It is 

usually express as a ratio relative to resources invested. 

Social risk   the World Bank defines social risk as “the possibility that the intervention would 
create, reinforce or deepen inequity and/or social conflict, or that the attitudes 
and actions of key stakeholders may subvert the achievement of the development 
objective, or that the development objective, or means to achieve it, lack ownership 
among key stakeholders. Such risks may arise out of the country’s socio-cultural, 
political, operational or institutional context.”

Socially-responsible   an approach to security services around a project that pays attention to human
security  rights and other social issues; and likely to be consistent with the Voluntary 

Principles on Security and Human Rights.

Soft regulation   (or ‘soft law’) refers to the informal processes of control over the activities of 
a company such as industry standards and guidelines. It also refers to global 
agreements, covenants, etc that influence the practices of companies and how they 
are judged or perceived. 
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Spirit of place  refers to the unique, distinctive and cherished aspects of a place. Whereas ‘sense 
of place’ is the personal feelings an individual has about a place, spirit of place refers 
the inherent characteristics of the place. 

Stakeholders   include all individuals and groups who are affected by, or can affect, a given 
operation. Stakeholders consist of individuals, interest groups, and organizations. 

Stakeholder analysis   a deliberate process of identifying all stakeholders of a project (i.e. the individuals 
and groups that are likely to impact or be impacted by it) and understanding their 
concerns about the project and/or relationship with it. 

Standard a norm, convention or ruling that is used as a benchmark or target.

Standard of living the physical, objective indicators of the wellbeing of an individual or group.

Strategic social investment   social investment that is specifically designed to meet both the strategic aims of the 
project/company and the needs and aspirations of the local communities.

Subjective wellbeing   the personal experience of one’s life, the level of satisfaction with one’s life; 
how happy people feel in general terms about their life as a whole.

Subsistence  an adjective applied to a range of words such as the subsistence economy, 
subsistence livelihoods, subsistence farming, subsistence fishing, and subsistence 
mining (i.e. artisanal mining). Subsistence refers to the informal or non-market 
economy (rather than to the cash economy) in which people produce their own 
goods and services, or exchange them in barter arrangements rather than for cash.

Sustainable development   the Brundtland Commission’s report, Our Common Future, defines sustainable 
development as development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.

Sustainable livelihood   a livelihood comprises the capabilities, assets (see Capitals) and activities required 
for a means of living. A livelihood is sustainable when it can cope with and recover 
from stresses and shocks and maintain or enhance its capabilities and assets both 
now and in the future, while not undermining the natural resource base.

Sustainable Livelihoods   is a way of analysing the effect of projects on the livelihoods of people and
Approach (or framework)  communities. It uses the capitals (livelihood assets) as the basis of the framework.

SWOT analysis  an analysis that considers the strengths, weaknesses, opportunities and threats of 
an organisation or community. 

Taboo   something that is culturally forbidden. Projects often violate taboos in ignorance 
creating much offence. 

Technocratic  a pejorative term that refers to people and institutions that have excellent technical 
skills but lack social awareness and social understanding; and in particular who make 
decisions on the basis of their technical knowledge without due consideration of the 
social and political context. 

Traditional knowledge   (see Local knowledge)

Traditional owners  a term used in Australia to refer to Indigenous people who have a valid claim to be 
regarded as the land owner under native title.

Transboundary impacts   refers to the impacts, environmental and social, that transfer across boundaries, 
typically national boundaries, but arguably across any jurisdictional boundary. 

Values    abstract and often subconscious assumptions held by individuals about what is right 
and/or important in their lives. Typically they are organised into a value system. 
Values and value systems can vary substantially between cultural groups.
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Venting   the process of ‘letting off steam’. In SIA this refers to situations where people 
who are angry or emotional can express their feelings. Opportunities to vent are a 
necessary part of a good community engagement process.

Vernacular heritage  the word ‘vernacular’ typically refers to the everyday language of ordinary people in 
a specific location. Similarly, ‘vernacular heritage’ refers to the cultural heritage that 
pertains to ordinary people’s lives or that is specific to small groups of people with a 
common language and/or set of experiences.

Voluntary Principles  within SIA generally refers to the Voluntary Principles on Security and Human Rights.

Voluntary resettlement  (see Resettlement)

Vulnerability   a situation or condition characterized by low resilience and/or higher risk and 
reduced ability of an individual, group or community to cope with shock or negative 
impacts. Vulnerability is associated with having low socio-economic status, disability, 
ethnicity, or one or more of the many factors that influence people’s ability to access 
resources and development opportunities. 

Vulnerable groups  groups which a characterised by having vulnerability. Although vulnerability is context-
dependent and can include a very wide range of groups, typically the concept includes: 
Indigenous peoples, ethnic minorities, migrants, disabled people, the homeless, the 
poor, those struggling with substance abuse, and isolated elderly people.

Watchdog NGO  a non-government organisation (NGO) whose mission or objectives especially 
include a monitoring role to oversee the activities of companies or other 
organisations. Watchdog NGOs tend to ‘name and shame’ as their strategy to 
encourage better industry practice.

Weekenders  refers to people who live elsewhere who come to their second home for weekends 
and holidays. Sometimes the term is also used to refer to the houses. They are often 
an important element in SIAs, but are often hard to access. They are sometimes 
negatively affected by projects, and/or have different issues to other people in the 
affected community.

Wellbeing  the social, economic, psychological, spiritual or medical state of an individual or group.

White elephant  a commonly used expression that nowadays refers to a facility (building, etc) of 
high cost and limited usefulness. Historically, the word had a more precise meaning 
relating to a crippling maintenance cost (an asset that is a liability) but also to an 
inability to dispose of it. Unless care in taken in the selection of social investment 
expenditure, many projects can be white elephants. 

World Bank   refers to the set of 10 Operational Policies that have been identified by the World
safeguard policies  Bank as being important in ensuring that their operations do not harm people or 

the environment: Environmental Assessment (OP 4.01); Disputed Areas (OP 7.60); 
Forests (OP 4.36); Indigenous Peoples (OP 4.10); International Waterways (OP 7.50); 
Involuntary Resettlement (OP 4.12); Natural Habitats (OP 4.04); Pest Management 
(OP 4.09); Physical Cultural Resources (OP 4.11); and Safety of Dams (OP 4.37).

World Bank social   refers to a subset of safeguard policies (see above) that are specifically about
safeguard policies  social issues (or that are managed by the Bank’s Social Development Department) 

including: Indigenous Peoples (OP 4.10) and Involuntary Resettlement (OP 4.12).

Worldview  the perspective by which a person (and sometimes a society or culture) views their 
world; in other words, a cognitive framework. It’s a term frequently used by social 
scientists and SIA practitioners.
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4-1) Referring to Crowned Ridge's response to taff data request 3-3 plea e pro ide 
the following: 

i) An explanation as to why section 3 of the Sound Study (Appendix H to the 

Application) did not identify that Dakota Range I&II was included in the 

noise model, 

Response: The Sound Study filed with the Application did not include the 

effects from the Dakota Range I & II wind project, a the Study focused on 

the ·ound resulting for the proposed Crowned Ridge Wind project. 

Subsequently the effects of the Dakota Range I and II project were et forth 

on page 4 of Haley's Supplemental testimony. 

ii) An explanation as to why the sound pressure contours m Appendix D of the 

Sound Study do not appear to factor in the noi e levels of the Dakota Range 1 

& II wind turbines; and 

Response: The . ound pressure contours in Appendix D submitted with the 

Application only showed the effect of the proposed Crowned Ridge Wind 

project, as it focused on the effect from the proposed project. The results 

tables in the Sounds Study, however, did include the effects of all Dakota 

Range 1 and IT and Crowned Ridge Wind II wind turbines. 

iii) Provide updated Standard Resolution Sound Map as found in Appendix D of 

the Sound tudy that includes on the map the Dakota Range I & Ir wind 

turbines that influence sound levels for receptors studied in the Crowned 

Ridge Project. 

Response: ttached are updated map that include rge i a-lines for both 

Dakota Range Wind I and 11 and Crowned Ridge Wind II turbines within 2 

kilometer of Crowned Ridge Wind receptors. 

Respondent: Jay Haley, Wind Engineer 
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Jay Haley, PE 

Partner 

Project Assignment 

Mechanical Engineer, Wind Engineering Consultant 

Registrations 

Registered Mechanical Engineer - North Dakota, Minnesota 

Educational Background 

1985: 

Work History 

Bachelor of Science, Mechanical Engineering 
University of North Dakota, Grand Forks, ND 

2000-Present: Mechanical Engineer/Partner, EAPC, Grand Forks, ND 

1998-2000: 

1989-1998: 

1985-1989: 

Mechanical Engineer, EAPC, Grand Forks, ND 

Senior Design Engineer, Energy and Environmental Research 
Center, Grand Forks, ND 

Director of Engineering, Ideal Aerosmith, Inc., East Grand Forks, 
MN 

Professional Experience 

Mr. Haley has been involved in wind energy since 1983. He's performed or 
supervised the wind resource assessments and energy assessments for hundreds 
of projects totaling more than 40,000 MW, of which, more than 8,000 MW are 
currently in operation. He has also provided Independent Engineering reviews of 
other consultant's wind assessment reports for various potential investors on 
50+ projects totaling more than 5,000 MW. 

He is also a certified WAsP user as well as a WindPRO training instructor, and has 
conducted more than 40 training courses and trained more than 500 wind 
industry personnel in the proper use of Wind PRO and WAsP as it relates to wind 
resource and energy assessment and site suitability. 

He's been involved in the planning, permitting, design, construction, and 
operation of wind farms. He's made hundreds of public presentations on wind 
energy and has been the wind industry's primary spokesperson in ND. Mr. Haley 
has been a member of the National Wind Coordinating Committee, the North 
Dakota Wind Coordinating Committee, Co-Chair of the Energy Cluster of ND's 
New Economy Initiative, Vice-Chairman of the ND Renewable Energy 
Partnership, Founding Executive Board member of the ND SEED Coalition, a 
member of U.S. Senator Dorgan's wind conference planning committee, and is 
also the founding Chairman of the Wind Energy Council, a regional trade 
organization in the upper Midwest. 

Mr. Haley is an appointed technical expert representing the U.S. delegation on 
the International Standards Committee IEC 61400-15 - Assessment of Wind 
Resource, Energy Yield and Site Suitability Input Conditions for Wind Power 
Plants. 

EXHIBIT 
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Relevant Experience – Wind Resource and Energy Assessment and Wind Farm 
Design – Selected Projects 

2018 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, YPF Energía Eléctrica S.A., Fray Guen Wind Farm, 100 MW 
 
2018 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Eólica Rionegrina S.A., PE Cerro Policia Wind Farm, 600 MW 
 
2018 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Sequoia Energy, Assiniboia Wind Farm, 200MW 
 
2018 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, South Peak Wind Farm, 100 MW 
 
2017 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, Bowman Wind Farm, 208 MW 
 
2017 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, Top of Iowa Repower, 80 MW 
 
2017 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, Storm Lake I Repower, 309 MW 
 
2016 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, TradeWind Energy, Cedar Run Wind Farm, 200 MW 
 
2016 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, TradeWind Energy, Seven Cowboy Wind Farm, 300 MW 
 
2016 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Tri County South Wind Farm, 104 MW 
 
2015 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Bluestem Energy, West Liberty Wind Farm, 4 MW 
 
2015 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, AV3 WindPower, Green Hills Wind Farm, 60 MW 
 
2015 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, TradeWind Energy, Lindahl West, 300 MW 
 
2015 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, TradeWind Energy,  Thunder Ranch Wind Farm, 300 MW 
 
2014 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, Chanarambie/Viking Repower, 97 MW 
 
 
 

EAPC 
W I ND ENERGY 

EAPC 
W I ND ENERGY 
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2014 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, TradeWind Energy, Rose Rock, 108 MW 
 
2014 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, NRG Patagonia, Valle Hermosa, 12 MW 
 
2013 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Allete Clean Energy, Clean Energy I Wind Farm, 102.4 MW 
 
2013 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Bison IV Wind Farm, 204.8 MW 
 
2012 ‐ Wind Resource and Energy Assessment, Project Resources Corp., 
Lakeswind Wind Farm, 50 MW 
 
2011 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Bison III Wind Farm, 105 MW 
 
2011 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Bison II Wind Farm, 105 MW 
 
2010 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Basin Electric, PrairieWinds SD I Wind Farm, 162 MW 
 
2010 ‐  Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Bison IB Wind Farm, 45 MW 
 
2010 ‐  Wind Resource and Energy Assessment, Site Suitability, Wind Farm 
Design, and CFD Analysis, PowerWorks, Sawtooth Wind Farm, 22.4 MW 
 
2009 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Minnesota Power, Bison IA Wind Farm, 36.9 MW 
 
2008 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Basin Electric, PrairieWinds ND I Wind Farm, 115.5 MW 
 
2006 – Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, Trimont Area Wind Farm, TAWF‐II, 100.5 MW 
 
2004 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, PPM Energy, Rugby Wind Farm, 150 MW 
 
2003 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, FPL Energy, ND Wind I & II, 61.5 MW 
 
2003 ‐ Wind Resource and Energy Assessment, Site Suitability and Wind Farm 
Design, FPL Energy, SD Wind Energy Center, 40.5 MW 
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Relevant Experience – Noise and Shadow Flicker Studies – Selected Projects 

2018 – Noise and Shadow Flicker Studies, Terra‐Gen, TG High Prairie Wind Farm, 
LLC, 387.4MW 
 
2018 – Noise and Shadow Flicker Studies, Project Resources Corp., Red Barn, LLC, 
129.5 MW 
 
2018 – Shadow Flicker Study, Geronimo Energy, Blazing Star Wind Farm, 200MW 
 
2017 – Noise Study, Project Resources Corp., Lakeswind Wind Farm, 50 MW 
 
2017 – Shadow Flicker Study, Capital Power, Black Fork Wind Farm, 200 MW 
 
2017 – Shadow Flicker Study, Tenaska, Inc., Nobles 2 Wind Farm, 250 MW 
 
2017 – Noise and Shadow Flicker Studies, Invenergy, Freeborn Wind Farm, 
100MW 
 
2017 – Shadow Flicker Study, Geronimo Energy, Blazing Star II Wind Farm, 
200MW 
 
2016 – Noise Study, Project Resources Group, Rock Aetna Wind Farm, 24 MW 
 
2016 – Shadow Flicker Study, Orion Renewable Energy Group, Jordan Creek Wind 
Farm, 298 MW 
 
2016 – Shadow Flicker Study, Geronimo Energy, Blazing Star Wind Farm, 200 MW
 
2016 – Shadow Flicker Study, Tenaska, Inc., Nobles 2 Wind Farm, 250 MW 
 
2016 ‐  Noise and Shadow Flicker Studies, Orion Renewable Energy Group, 
Charlie Creek Wind Farm, 271 MW 
 
2016 – Noise and Shadow Flicker Studies, EDF Renewables, Red Pine Wind Farm, 
200 MW  
 
2016 – Shadow Flicker Study, TradeWind Energy, Cedar Run Wind Farm, 200 MW 
 
2016 ‐ Noise and Shadow Flicker Studies, Minnesota Power, Tri‐County South 
Wind Farm, 104 MW 
 
2016 – Shadow Flicker Study, Starwood Energy Group, Trishe Wind Energy 
Project, 115 MW 
 
2016 – Noise and Shadow Flicker Studies, TradeWind Energy, Alta Farms II Wind 
Farm, 200 MW 
 
2015 – Noise and Shadow Flicker Studies, Bluestem Energy, West Liberty Wind 
Farm, 4 MW 
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2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Chisholm II 
Expansion, 65 MW 
 
2015 – Noise and Shadow Flicker Studies, AV3 WindPower, Green Hills Wind 
Farm, 60 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Lindahl West Wind 
Farm, 300 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Limestone Bluff 
Wind Farm, 356 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Red Dirt Wind 
Farm, 300 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Hallam NE 
Volkswind, 200 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Blue Star Wind 
Farm, 150 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Wild Plains Wind 
Farm, 300 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Diamond Vista 
Wind Farm, 300 MW 
                                                                                                 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Armadillo Flats 
Wind Farm, 235 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy,  Thunder Ranch 
Wind Farm, 300 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Sundance Wind 
Farm, 200 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Cimarron Bend 
Wind Farm, 200 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Rock Creek Wind 
Farm, 300 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, English Farms Wind 
Farm, 170 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Sunwind Doyle 
Wind Farm, 200 MW 
 
 

 
006924

ADMINISTRATIVE RECORD - Scan 3 - Page 216 of 235

- Page 2098 -



2015 – Noise and Shadow Flicker Studies, TradeWind Energy, NorthStar and 
RedRock Wind Farms, 500 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Emmons‐Logan 
Wind Project, 304 MW 
 
2015 – Noise and Shadow Flicker Studies, TradeWind Energy, Butler Wind Farm, 
150 MW 
 
 
Relevant Experience – Due Diligence – Select Projects 
 
2016 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, Seven Cowboy, 300 MW 
 
2016 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, Alta Farms II, 200 MW 
 
2015 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, NorthStar and RedRock, 500 MW 
 
2015 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, Rock Creek Wind Farm, 300 MW 
 
2015 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, Thunder Ranch Wind Farm, 300 MW 
 
2014 ‐ Independent Review of Energy Assessment and Existing Production, Allete 
Clean Energy, Chanarambie/Viking, 97 MW 
 
2014 ‐ Independent Review of Energy Assessment and Existing Production, Wind 
Energy Development, LLC, Picillo Wind Farm, 3 MW 
 
2014 ‐ Independent Review of Energy Assessment and Existing Production, 
TradeWind Energy, Breckenridge, 100 MW 
 
2013 ‐ Independent Review of Energy Assessment and Existing Production, 
Greycliff Energy, LLC, Greycliff Wind Farm, 20 MW 
 
2013 ‐ Independent Review of Energy Assessment and Existing Production, Allete 
Clean Energy, Armenia Wind Farm, 100.5 MW 
 
2013 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions, Clara, Brazil, 10.5 MW 
 
2013 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Finance, Shilo Wind Farm, 150 
MW 
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2013 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & Starwood Energy Group, Pattern Energy 10 
project portfolio, 2000 MW 
 
2010 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Alliant Energy, Whispering Willow East Wind Farm, 200 MW 
 
2009 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & AIG, RePower 6 project portfolio, 99 MW 
 
2008 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Financial, Aeolus IV, 4 project 
portfolio, 488 MW 
 
2007 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Financial, Aeolus III, 3 project 
portfolio, 319.5 MW 
 
2006 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Financial, Desert Sky, 160.5 MW 
 
2006 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Financial, Aeolus II, 3 project 
portfolio, 356 MW 
 
2005 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Sigma Energy Solutions & GE Energy Financial, Kumeyaay , 50 MW 
 
2004 ‐ Independent Review of Energy Assessment and Wind Turbine Site‐
Suitability, Nebraska Public Power District, Ainsworth Wind Farm, 59.4 MW 
 
 
Relevant Experience – Expert Testimony 
 
2016 ‐ Noise & Shadow Flicker Expert Testimony, Orion Renewable Energy 
Group, Charlie Creek Wind Farm Conditional Use Permit, Billings County Planning 
and Zoning Commissioner’s Permit Hearing, Medora, ND 
 
2016 ‐ Shadow Flicker Expert Testimony, Orion Renewable Energy Group, Jordan 
Creek Wind Farm Conditional Use Permit, Warren County Board of Zoning 
Appeals, West Lebanon, IN 
 
2015 ‐ Noise & Shadow Flicker Expert Testimony, Sage Law Partners, Sand 
Canyon, Tehachapi, CA 
 
2014 ‐ Noise & Shadow Flicker Expert Testimony, TradeWind Energy, Lindahl 
Wind Farm Conditional Use Permit, Williams County Planning and Zoning 
Commissioner’s Permit Hearing, Williston, ND 
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2012 – Ice Throw Risk Expert Testimony, Vorys, Sater, Seymour and Pease LLP, 
Element Power, Buckeye Wind Farm Certificate of Environmental Compatibility 
and Public Need, Ohio Power Siting Board Public Hearing, Columbus, OH  
 
2011‐ Noise & Shadow Flicker Expert Testimony, enXco, Merricourt Wind Farm 
Siting Application to the North Dakota Public Service Commission, Public Hearing, 
Ashley, ND 
 
2011 ‐ Shadow Flicker & Ice Throw Risk Expert Testimony, Element Power, Black 
Fork Wind Farm, Certificate of Environmental Compatibility and Public Need, 
Ohio Power Siting Board Public Hearing, Columbus, OH 
 
2009 ‐ General Wind Expert Testimony, New Frontier I & II Wind Farm 
Conditional Use Permit, McHenry County Commissioners Permit Hearing, 
Towner, ND 
 
2008 ‐ General Wind Expert Testimony, Peak Wind, Opposing Next Era’s 
Ashtabula Wind Farm Conditional Use Permit, Barnes County Commissioner’s 
Permit Hearing, Valley City, ND 
 
2007 ‐ General Wind Expert Testimony, EcoEnergy, New Holstein Wind Farm, 
Calumet County Commissioners Permit Hearing, Chilton, WI 
 
2005 ‐ General Wind Expert Testimony, Boone Heritage Wind Farm Conditional 
Use Permit, Boone County Commissioners Permit Hearing, Belvidere, IL 
 
2004 ‐ General Wind Expert Testimony, Bureau Valley High School Conditional 
Use Permit, Bureau County Commissioners Permit Hearing, Springfield, IL 
 
2003 ‐ General Wind Expert Testimony, Acciona Conditional Use Permit, Velva 
Wind Farm, McHenry County Commissioner’s Permit Hearing, Towner, ND 
 
 
Relevant Experience – Course Instructor 
 
Dec‐2013 WindPRO Advanced Course – Las Vegas, NV 
Sept‐2011 Wind Energy Workshop – Buenos Aires, AR 
Jan‐2011 WindPRO In‐House Training, Clipper – Carpentaria, CA 
Nov‐2010 WindPRO Basic Course  – Boston, MA 
Nov‐2010 WindPRO Advanced Course – Montreal, QB 
Sept‐2010 WindPRO Advanced Course – Oklahoma City, OK 
May‐2010 WindPRO Advanced Course – Dallas, TX 
Nov‐2009 WindPRO Basic Course  – Boston, MA 
Sept‐2009 WindPRO Advanced Course – Minneapolis, MN 
May‐2009 WindPRO Advanced Course – Chicago, IL 
Nov‐2008 WindPRO In‐House Training, DNV‐GEC, Webinar 
Nov‐2008 WindPRO Basic Course  – Boston, MA 
Oct‐2008 WindPRO In‐House Training, MN Power – Duluth, MN 
Sept‐2008 WindPRO Advanced Course – Minneapolis, MN 
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Jun‐2008 WindPRO Basic Course  – Houston, TX 
May‐2008 WindPRO Basic Course – Toronto, ON 
Feb‐2008 WindPRO Basic  Course – Austin, TX 
Jan‐2008 WindPRO Basic Course  – Minneapolis, MN 
Dec ‐2007 WindPRO In‐House Training, Basin Electric – Bismarck, ND 
Oct‐2007 WindPRO Basic Course  – Quebec City, QB 
Sept‐2007 WindPRO In‐House Training, Clemson Univ. – Clemson, SC 
Sept‐2007 WindPRO Basic Course  – Minneapolis, MN 
Aug‐2007 WindPRO In‐House Course, TradeWind Energy – Lenexa, KS 
Jul‐2007 WindPRO Seminar – Boston, MA 
Jun‐2007 WindPRO Advanced Course  – Los Angeles, CA 
Jun‐2007 WindPRO In‐House Course, BP Alt. Energy – Oakland, CA 
Mar‐2007 WindPRO Basic Course  – Grand Forks, ND 
Jan‐2007 WindPRO Basic Course  – Boston, MA 
Oct‐2006 WindPRO Basic Course – Winnipeg, MB 
Sept‐2006 WindPRO Basic Course – Grand Forks, ND 
Oct‐2005 WindPRO Basic Course – Toronto, ON 
Sept‐2005 WindPRO Basic Course – Grand Forks, ND 
May‐2005 WindPRO Basic Course – Denver, CO 
Mar‐2005 WindPRO Basic Course – Grand Forks, ND 
Oct 2004 WindPRO Basic Course – Montreal, QB 
April‐2004 WindPRO Basic Course – Chicago, IL 
Sept‐2003 WindPRO Basic  Course – Grand Forks, ND 
May‐2003 WindPRO Basic  Course – Austin, TX 
Aug‐2002 WindPRO Basic Course – Grand Forks, ND 
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License Search Results 
North Dakota State Board of Registration for Professional Engineers & Land Surveyors 

First Middle Last Employ Address State Zip License License ExpDat 

Name Initial Name er 1 
City 

Prov Code Type # e 

Enginee 904 Professi 12/31 /2 

rs- 29th Grand onal PE- 016 
Jay s Haley ND 58201 

Enginee 3431 12:00:0 Architec Ave Forks 

ts, P.C. South r 0AM 
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MINNESOTA BoARO OF 
AELSLAGID 

How to Search 

Eritu • ru11 er s,.rual last Mm• or lt<.enWc.fltlNc«te number thrn click "'Senc.n• co SH the 
....... It, 

- -- -

License Holder Name Lie# Profession (Discipline) 

Haley. Gregory T 10808 Architect 

Haley, James Hollis 19904 
Professional Engineer 
[Mechanical) 

Ha ey. Jay S 25237 
Professional Engineer 

[Mechanical) 

Professional Engineer 
--· ..... 

p. 

LISTS 

. • NO•.,..C~. . I 

- . ~-~-~ --·· 

When Expiration 
Granted Date 

2/ 28/ 1974 06/ 30/ 2020 

7/ 19/ 1989 EXPIRED 

4/7/1997 EXPIRED 

- ♦- · -. - - .. -- - -- - - -
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m 
MINNeSOTA BOARD OF 

ARCHITECTURE• ENGINE ERING • LAND SURVEY ING 
LANDSCAPE ARCHITECTURE • GEOSCIENCE • I NTERIOR DESIGN 

Affidavit of Identification 

STATE OF MINNESOTA 

COUNTY OF RAMSEY 

Matt Kaehler, being first duly sworn on oath, deposes and states as follows. 

l . This Affidavit 1s made in response to a request to produce confirmation of the status of Mr. Ja', 

Haley's Minnesota professional engineer l icense 

2. I hereby confirm Mr. Haley was issued license number 25237 on April 7, 1997 and his license expired 

on June 30, 2016. 

3. I am an Investigator for the Minnesota Board of Architecture, Engineering, Land Surveying 

Landscape Architecture, Geoscience, and Interior Design {AELSLAGID), a custodian of the records of 

the Board, and I have first-hand knowledge of the above-captioned matter. 

FURTHER YOUR AFFIANT SAVETH NOT 

Dated: 0'\<.., 
• 

I 2019 

Sworn and subscribed to before me on this 

:/'J;;_Jt day of !?Jy I 2019. 

j/~[£.M4~ 
Notary Public 

Matt Kaehler 

Investigator 
Minnesota Board of AELSLAGID 
85 East Seventh Place, Suite 160 
Saint Paul, Minnesota 55101 

• 

V"1QB1A WZABETH OEHRWN 
IIOTARYPUBUC 

MINNESOTA 
a,r..11ss1o1 &pns - "· m 

EXHIBIT 

85 East i':n ::> ace, Su :e 150 S: Pau MN 55101-2113 
?- 65' -296-2388 ■ ►t.X 651-297-5310 ■ ·•v 600-627-3529 ■ mr. gov ae slag d 

I 7: 19 
Al, £0 A _ PPCI? • v E P ,£1? 
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EAPC 
WIND ENERGY 

Final Report 

Crowned Ridge Wind Farm 

Sound Study 

Codington and Grant Counties, SD 

Submitted To: 

SWCA Environmental Consultants 

116 North 4th Street, Suite 200 

Bismarck, North Dakota 58501 

Tel: 701.258.6622 

E-mail: SBaer@swca.com

Submitted By: 

Jay Haley, P.E., Partner 

EAPC Wind Energy 

3100 DeMers Ave. 

Grand Forks, ND, 58201 

Tel: 701-775-3000 

E-mail: ihaley@eapc.net

January 22, 

2019 

Author: 

EXHIBIT 

I :czo 
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EAPC 
W ND ENERGY 

Final Report 

Crowned Ridge Wind Farm 

Shadow Flicker Study 

Codington and Grant Counties, SD 

Submitted To: 

SWCA Environmental Consultants 

116 North 4th Street, Suite 200 
Bismarck, North Dakota 58501 

Tel: 701.258.6622 

E-mail: SBaer@swca.com

Submitted By: 

Jay Haley, P.E., Partner 

EAPC Wind Energy 

3100 DeMers Ave. 

Grand Forks, ND, 58201 

Tel: 701-775-3000 
E-mail: jhaley@eapc.net

January 22, 

2019 

Author: 

EXHIBIT 
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EAPC 

Tyler Wilhelm 
Project Manager 
NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, FL. 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

February 19, 2019 

Subject: Crowned Ridge additional structures 

This letter is intended to provide updated landowner participation status information that was not included in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Sound Study, Codington and Grant Counties, SD", dated 
February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databases. There were 
a number of changes in landowner participation status from the original report. Most were changed from non
participating to participating, with a few that changed from participating to non-participating. 

There were no changes in compliance with Codington or Grant County requirements for noise limits. 

I have attached updated maps and results tables that reflect the changes in participation status for the noise 
receptors. 

Sincerely, 

Jay Haley, P.E., Partner 
For EAPC Wind Energy 

Attachments: 

Appendix A - Crowned Ridge Energy Project Site Overview Map 
Appendix 8 - Wind Turbine Coordinates 
Appendix C - Table of Sound Results 
Appendix D - Standard Resolution Sound Maps 

w1ndn o 

EXHIBIT 

1:r:22 
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EAPC 
WNO NA V 

February 19, 2019 

Tyler Wilhelm 
Project Manager 

Subject: Crowned Ridge additional structures 

NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, FL. 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

This letter is intended to provide updated landowner participation status information that was not included in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Shadow Flicker Study, Codington and Grant Counties, 
SD", dated February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databases. There were 
a number of changes in landowner participation status from the original report. Most were changed from non
participating to participating, with a few that changed from participating to non-participating. 

There were no changes in compliance with Codington or Grant County requirements for shadow flicker limits. 

I have attached updated maps and results tables that reflect the changes in participation status for the shadow flicker 
receptors. 

Sincerely, 

Jay Haley, P.E., Partner 
For EAPC Wind Energy 

Attachments: 

Appendix A - Crowned Ridge Energy Project Site Overview Map 
Appendix B - Wind Turbine Coordinates 
Appendix C - Table of Sound Results 
Appendix D - Standard Resolution Sound Maps 
Appendix C - Table of Shadow Flicker Results 
Appendix D - Standard Resolution Shadow Flicker Maps 

- w,ndP•D 

EXHIBIT 
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EAPC 

February 26, 2019 

Tyler Wilhelm 
Project Manager 

Subject: Crowned Ridge participation status changes 

NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, Fl. 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

This letter is intended to provide updated landowner participation status information that was not included in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Sound Study, Codington and Grant Counties, SD" , dated 
February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databases. There were 
a number of changes in landowner participation status from the original report. Most were changed from non

participating to participating, with a few that changed from participating to non-participating. 

The following receptors were changed from non-participating to participating. 

Receptors with Participation Status Change 

I 
First 

I 
Last I Sound 

Receptor Name Name (dBA) 

CR1-G81-P Nelson E Ransom 40.7 

CR1-G125-P Dalton H & Barbara J Rude 42.8 

CR1-G126-P Marilyn R Stemsrud 39.4 

CR1-G127-P Henry C & Betty Lou Erickson 38.8 

CR1-G128-P Ronald & Mindy Marko 42.9 

CR1-G129-P Dennis M & Deloris D Redeen 36.3 

CR1-G130-P Dalton H & Barbara J Rude 39.3 

CR1-G131-P Richard Hansen 42.9 

CR1-G132-P Eric Hansen 40.6 

CR1-Gl33-P Laverna Moldnenhauer 38.3 

CR1-G135-P Richard Hansen 42.6 

CR1-G136-P Duane Fish 42.2 

CR1-G137-P Richard Fish 41.6 

CR1-G138-P Harold Capp 41.8 

CR1-G139-P Donald Haacke 39.8 

There were no changes in sound pressure results or compliance with Codington or Grant County requirements for 
sound pressure limits. 

EXHIBIT 

I I24-
A ' . 
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EAPC 
WNO V 

Tyler Wilhelm 
Project Manager 
NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, FL 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

February 26, 2019 

Subject: Crowned Ridge participation status changes 

This letter is intended to provide updated landowner participation status information that was not included in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Shadow Flicker Study, Codington and Grant Counties, 
SD", dated February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databases. There were 
a number of changes in landowner participation status from the original report. Most were changed from non
participating to participating, with a few that changed from participating to non-participating. 

The following receptors were changed from non-participating to participating. 

Receptors with Participation Status Change 

I 
First 

I 
Last Shadow 

Receptor Name Name (hr/yr) 
CR1-G81-P Nelson E Ransom 0:00 
CR1-G125-P Dalton H & Barbara J Rude 15:48 
CR1-G126-P Marilyn R Stemsrud 3:21 
CR1-G127-P Henry C & Betty Lou Erickson 2:23 
CR1-G128-P Ronald & Mindy Marko 14:58 

CR1-G129-P Dennis M & Deloris D Redeen 2:27 
CR1-G130-P Dalton H & Barbara J Rude 0:00 

CR1-Gl31-P Richard Hansen 1:31 
CR1-G132-P Eric Hansen 7:38 

CR1-G133-P Laverna Moldnenhauer 3:26 
CR1-G135-P Richard Hansen 8:10 
CR1-G136-P Duane Fish 10:34 

CR1-G137-P Richard Fish 18:36 

CR1-G138-P Harold Capp 25:18 
CR1-G139-P Donald Haacke 8:05 

There were no changes in shadow flicker results or compliance with Codington or Grant County requirements for 
shadow flicker limits. 

EXHIBIT 

I I:25 
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Exhibit 1 

EAPC 

Tyler WIiheim 
Project Manager 
NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, FL 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

February 19, 2019 

Subject: Crowned Ridge additional structures 

This letter is intended to provide updated landowner participation status Information that was not induded in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Sound Study, Codington and Grant Counties, so·, dated 
February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databa.ses. There were 
a number of changes in landowner participation status from the original report. Most were changed from non
participating to participating, with a few that changed from participating to non-participating. 

There were no changes In compliance w ith Codington or Grant County requirements for noise limits. 

I have attached updated maps and results tables that reflect the changes in participation status for the noise 
receptors. 

Sincerely, 

Jay Haley, P .E., Partner 
For EAPC Wind Energy 

Attachments: 

Appendix A - Crowned Ridge Energy Project Site Overview Map 
Appendix 8 - Wind Turbine Coordinates 
Appendix C - Table of Sound Results 
Appendix D - Standard Resolution Sound Maps 

EXHIBIT 

I J::2b 
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Exhibit 3 

EAPC 
• • ~ l'..,_C•G• 

February 19, 2019 

Tyler Wilhelm 
Project Manager 

Subject: Crowned Ridge additional structures 

NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, FL 33408 
Office: (561) 694-3193 
Tyler.Wilhelm@nee.com 

Dear Mr. Wilhelm, 

This letter is intended to provide updated landowner participation status information that was not included in the 
original report titled: "Final Report, Crowned Ridge Wind Farm Shadow Flicker Study, Codington and Grant Counties, 
50", dated February 6, 2019, submitted by EAPC Wind Energy. 

After the report was submitted, I was made aware of updated land parcel and farmstead status databases. There were 
a number of changes in landowner participation status from the original report. Most were changed from non
participating to participating, with a few that changed from participating to non-participating. 

There were no changes In compliance with Codington or Grant County requirements for shadow flicker limits. 

I have attached updated maps and results tables that reflect the changes in participation status for the shadow flicker 
receptors. 

Sincerely, 

Jay Haley, P.E., Partner 
For EAPC Wind Energy 

Attachments: 

Appendix A - Crowned Ridge Energy Project Site Overview Map 
Appendix 8 - Wind Turbine Coordinates 
Appendix C- Table of Sound Results 
Appendix 0- Standard Resolution Sound Maps 
Appendix C - Table of Shadow Flicker Results 
Appendix O - Standard Resolution Shadow Flicker Maps 

• .. ,1111,. 

EXHIBIT 

1I2:Z 
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BEFORE THE SOUTH DAKOTA PUBLIC UTILITIES COMMISSION 

IN THE MATTER OF THE APPLICATION 
BY CROWNED RIDGE WIND, LLC FOR A 
PERMIT OF A WIND ENERGY FACILITY 
IN GRANT AND CODINGTON COUNTIES 

CERTIFICATE OF SERVICE 

Ms. Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 
(605) 773-3201 - voice 

Ms. Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
Kristen.edwards@state.sd.us 
(605) 773-3201 - voice 

Ms. Amanda Reiss 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
amanda. reiss@state.sd. us 
(605) 773-3201 - voice 

EL19-003 

Mr. Miles Schumacher - representing Crowned Ridge Wind, LLC 
Lynn, Jackson, Shultz and Lebrun, PC 
101 N. Minnesota Ave., Ste. 400 
Sioux Falls, SD 57104 
msch umacher@lynn jack son. com 
(605) 332-5999 - voice 
(605) 332--4249 - fax 

Mr. Tyler Wilhelm 
Associate Project Manager 
Crowned Ridge Wind, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Tyler. Wilhelm@nexteraenergy.com 
(561) 694-3193 - voice 

Mr. Brian J. Murpny 
Senior Attorney 
NextEra Energy Resources, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 
Brian. J.Murphy@nee.com 
(561) 694-3814 -voice 
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Mr. Mikal Hanson 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol Ave. 
Pierre, SD 57501 
mikal.hanson@state.sd.us 
(605) 773-3201 - voice 

J hereby certify that true and correct copies of the lntervenors' Exhibit and Witness 

list on June £ 2019. 

/s/ David L Ganj~\_ ~ 
Ganje Law Offices 

17220 N Boswell Blvd Suite 130L, Sun City, AZ 85373 

Web: lexenergy.net 

Phone 605 385 0330 

davidganje@ganjelaw.com 
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110 N. MINNESOTA AVENUE 

SuITE400 
Sioux FALLS, SD 57104 
605-332-5999 
FAX 605-332-4249 

LAW OFFICES 

Lynn, Jackson, Shultz & Lebrun, P.c. 
LAWYERS ALSo ADMITTED IN MINNESOTA, low A, NoRTH DAKOTA, AND WYOMING 

www.lynnjackson.com 
Member of Lex Mundi 

A Global Association of 125 Independent Law Firms 

135 E. CowRAoo BouLGVARD 

SPEARFISH, SD 57783-2755 
605-722-9000 

FAX 605-722-9001 

REPLY TO: Sioux Falls 605-332-5999 

From the office of Miles F. Schumacher 
e-mail address: mschumacher@lynnjackson. com 

June 5, 2019 

Via Electronic Filing 

Ms. Patricia Van Gerpen, Executive Director 
South Dakota Public Utilities Commission 
Capital Building, 1st Floor 
500 East Capital A venue 

Re: Docket #EL19-003 
Application to the SD PUC for a Facility Permit to Construct 
A 300 megawatt Wind Facility 

Dear Ms. Van Gerpen: 

909 Sr. JOSEPH STREET 
SuITE800 

RAPID CITY, SD 57701-3301 
605-342-2592 

FAX 605-342-5185 

Attached for filing are bates stamped copies of the hearing exhibits for Crowned Ridge Wind, 
LLC, identified as Exhibits Al through A44-2, as well as a Certificate of Service. 

Please note that the Application (Exhibits Al and Al-A through Al-M) is not being refiled. 

Exhibits A7-2, A7-3 , A7-4, A7-5, Al6-1, A26-1, A32-1, A37-1 and A46 are being submitted as 
Confidential. Exhibits A26-l, A32-l and A37-1 contain proprietary trade secret information 
belonging to General Electric Company ("GE") and should be made available only to the 
attorneys. The information contained in these exhibits would provide an advantage to a 
competitor if known. Crowned Ridge Wind, LLC, on behalf of itself and GE, request that the 
documents be maintained confidential in perpetuity. Questions regarding this confidentiality 
request can be directed to the undersigned, Miles F. Schumacher. Confidentiality is requested 
for this trade secret information pursuant to SDCL Section 1-27-1.5 and ARSD 20:10:01 :39-
20: 10:01 :45. The factual basis that qualifies the information for confidentiality is that the 
information is proprietary, is subject to a non-disclosure agreement between Crowned Ridge 
Wind, LLC and GE and is being provided with permission by GE only if it remains confidential 
trade secret, with the exception that it may be reviewed by the Commission and Commission 
Staff. 

Copies of Exhibits A26-l, A32-1 and A37-1 are being provided only to the Commission and the 
Commission Staff, subject to the above paragraph. 
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Ms. Patricia Van Gerpen, Executive Director 
June 5, 2019 
Page2 

In addition, for your reference the following is a listing of the new exhibits being filed that were 
not contained in the Witness and Exhibit List previously filed in this matter: 

Exhibit A45 -Applicant's Responses to Intervenor's Fifth Set of Data Requests to 
Crowned Ridge Wind, LLC. 

Exhibit A45-l - Attachment 1 to 5-2 

Exhibit A45-2 - Attachment 1 to 5-5 

Exhibit A45-3 - Attachment 1 to 5-7 

Exhibit A45-4 - Attachment 1 to 5-12 

Exhibit A46 - Confidential Applicant's Responses to Staffs Sixth Set of Data Requests 
to Crowned Ridge Wind, LLC. 

Exhibit A46-1 - Attachment 1 to 6-1 

Exhibit A46-2 - Attachment 1 to 6-2 

If there are any questions, please contact me. 

MFS/kab 

Enclosures 

TZ & LEBRUN, P.C. 
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APPLICATION TO THE 

PUBLIC UTILITIES COMMISSION OF THE 

STATE OF SOUTH DAKOTA 

FOR A FACILITY PERMIT TO CONSTRUCT A 300 

MEGAWATT WIND FACILITY 

CROWNED RIDGE WIND FARM 

Crowned Ridge Wind, LLC 

JANUARY 30, 2019 

Exhibit A1
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1.1 

1.2 

2.0 

2.1 

3.0 

4.0 

4.1 

4.2 

4.3 

5.0 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

6.10 

6.11 

6.12 

7.0 

7.1 

7.2 

7.3 

8.0 

9.0 

9.1 

Table of Contents 
Executive Summary Introduction .................................................................................................. 1 

Completeness Checklist ................................................................................................................ 2 

Description of the Nature and Location of the Project.. ................................................... 10 

The Project .................................................................................................................................. 10 

Name of Owner, Manager, and Participants (ARSD 20: 10:22:06; 20: 10:22:07) ............. 14 

Purpose of, and Demand for, the Wind Energy Facility (ARSD 20:10:22:08, 20:10:22:10) 
15 

Wind Resources Areas ................................................................................................................ 15 

Renewable Power Demand ......................................................................................................... 16 

Consequences of Delay ............................................................................................................... 16 

Estimated Cost of the Wind Energy Facility (ARSD 20: 10:22:09) ................................... 17 

General Site and Project Component Description (ARSDS 20: 10:22: 11) ....................... 18 

Turbines ....................................................................................................................................... 1 9 

Access Roads and Crane Paths .................................................................................................... 21 

Underground Electrical Collection Lines and Junction Boxes .................................................... 21 

Collection Substation .................................................................................................................. 22 

Interconnection Facilities and Reactive Power Compensation Station ....................................... 22 

Meteorological Tower ................................................................................................................. 22 

O&M Facility .............................................................................................................................. 22 

SCADA System .......................................................................................................................... 23 

Concrete Batch Plant. .................................................................................................................. 23 

Laydown Area ............................................................................................................................. 24 

Construction ................................................................................................................................ 24 

Operations ................................................................................................................................... 25 

Alternative Sites and Siting Criteria (ARSD 20: 10:22: 12) .............................................. 26 

General Project Location Selection ............................................................................................. 26 

Site Configuration Alternatives ................................................................................................... 27 

Lack of Reliance on Eminent Domain Powers ........................................................................... 28 

Environmental Information (ARSD 20: 10:22: 13) ............................................................. 29 

Effect on Physical Environment (ARSD 20: 10:22: 14) ..................................................... 32 

Geological Resources .................................................................................................................. 32 
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006947

ADMINISTRATIVE RECORD - Scan 4 - Page 4 of 139

- Page 2121 -



9.1.1 Existing Geological Resources ............................................................................................ 32 

9 .1.2 Geological Resources Impacts/Mitigation .......................................................................... 34 

9.2 Soil Resources ............................................................................................................................. 35 

9.2.1 Existing Soil Resources ....................................................................................................... 36  

9.2.2 Soil Resources Impacts/Mitigation ..................................................................................... 37 

9.2.3 Prime Farmland Impacts ..................................................................................................... 38 

9.2.4 Mitigation ............................................................................................................................ 38 

10.0 Effect on Hydrology (ARSD 20:10:22:15) ...................................................................... 40 

10 .1 Groundwater Resources .............................................................................................................. 40 

10 .1.1 Existing Groundwater Resources ....................................................................................... .40 

10.1.2 Groundwater Resources Impacts/Mitigation ...................................................................... .41 

10.2 Surface Water Resources ............................................................................................................ 42 

10.2.1 Existing Surface Water Resources ...................................................................................... 42 

10.2.2 Surface Water Resources Impacts/Mitigation .................................................................... .44 

10.3 Current and Planned Water Uses ................................................................................................ 46 

10.3.1 Current and Planned Water Uses within Project Area ....................................................... .46 

10.3.2 Effect on Current or Planned Water Use ............................................................................ .46 

11.0 Effect on Terrestrial Ecosystems (ARSD 20: 10:22: 16) ................................................... 47 

11.1 Vegetation (Flora) ....................................................................................................................... 4 7 

11.1.1 Existing Vegetation ............................................................................................................. 4 7 

11.1.2 Vegetation Impacts/Mitigation ..................................................................................... ....... 5 0 

11.2 Wetlands and Waterbodies .......................................................................................................... 51 

11.2.1 Existing Wetlands and Waterbodies ................................................................................... 51 

11.2.2 Wetland and Waterbody Impacts/Mitigation ...................................................................... 52 

11.3 Wildlife (Fauna) .......................................................................................................................... 53 

11.3.1 Existing Wildlife ................................................................................................................. 53 

11.3 .2 Wildlife Impacts/Mitigation ................................................................................................ 66 

12.0 Effect on Aquatic Ecosystems (ARSD 20:10:22:17) ...................................................... 70 
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1 .1  Executive Summary Introduction 

Crowned Ridge Wind, LLC (the Applicant or Crowned Ridge), a wholly-owned, indirect 
subsidiary of NextEra Energy Resources, LLC (NEER), is requesting an Energy Facility Permit 
from the South Dakota Public Utilities Commission (Commission or SDPUC) for an up to 300 
megawatt (MW) wind energy conversion facility to be located in Codington County and Grant 
County, South Dakota (the Project) . 

The Project will be situated within an approximately 53 , 1 86-acre Proj ect Area (Figure 1 in 
Appendix A), and the total installed capacity of the Project will not exceed 300 MWs. Project 
components will include : 

• Up to 1 30 wind turbine generators; 
• Access roads to turbines and associated facilities; 
• Underground 34 .5 -kilovolt (kV) electrical collector lines connecting the turbines to the 

collection substation; 
• Underground fiber-optic cable for turbine communications co-located with the collector 

lines; 
• The low-side of a 34 .5 to 345-kV collection substation; 
• One permanent meteorological (met) tower; 
• An operations and maintenance (O&M) facility; 
• Additional temporary construction areas, including laydown and batch plant areas; 

The Project will utilize the Crowned Ridge 34-mile 230 kV generation tie line 1 and a new 
reactive power compensation substation to transmit the generation from the Project' s collector 
substation to the Project ' s  point of interconnection located at the Big Stone South 230 kV 
Substation, which is owned by Otter Tail Power Company. 

The Applicant has executed a power purchase agreement (PPA) with Northern States Power 
Company (NSP) to sell NSP the full output of the Project. The commercial operation date for the 
Project is projected to be in or before the first quarter of 2020. 

On July 6,  20 1 7, the Minnesota Public Utilities Commission approved NS P's Petition for 
Approval of the Acquisition of Wind Generation from the Company's 20 1 6-2030 Integrated 
Resource Plan, included a PP A with Crowned Ridge and the acquisition of an additional 300 
MW wind facility identified as Crowned Ridge Wind II. On December 6, 20 1 8, North Dakota 
Public Service Commission issued an order granting an advance determination of prudence for 
the PPA between NSP and CRW. 

1 The 34-mile transmission gen-tie was approved in Docket EL 1 7-050. 

1 
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The Applicant has actively developed the Project over the past 1 0  years, working closely with 
federal and state agencies, landowners, and tribal and local governments to properly design the 
Project. The Applicant will continue this collaborative process throughout the development, 
construction and operation phases of the Project. 

1 .2 Completeness Checklist 

Consistent with South Dakota Codified Law (SDCL) 49- 1 -8 and Administrative Rules of South 
Dakota (ARSD) 20 : 1 0 : 1 3 : 0 1 ( 1 ), Table 1 .2 sets forth the Commission filing requirements with an 
identification of where the requirement is addressed in this Application. 

Table 1 .2 Completeness Checklist 

SDCL ARSD Required Information Location in  
Application 

Application contents. The application for a permit for a facility 

shall contain a list of each permit that is known to be required from 

49-4 1 0- 1 1 ( 1 )  
any other governmental entity at the time o f  the filing. The list of 

through ( 1 1 ) 49- 20 : 1 0 :22:05 
pennits shal l be updated, if needed, to include any permit the 

24 

4 18-35(2) 
applicant becomes aware of after filing the application. The list shall 

state when each permit application will be filed. The application 

shall also list each notification that is required to be made to any 

other governmental entity. 

Names of participants required. The application shall contain the 

name, address, and telephone number of all persons participating in 

49-4 1 B- l  1 ( 1 )  20 : 1 0 :22:06 the proposed facility at the time of fi ling, as well as the names of 3.0 

any individuals authorized to receive communications relating to the 

application on behalf of those persons. 

Name of owner and manager. The application shall contain a 

49-4 1B- l  1 (7) 20: 1 0 :22:07 
complete description of the current and proposed rights of 

3.0 
ownership of the proposed facility. It shal l also contain the name of 

the project manager of the proposed facility. 

49-4 1 8- 1 1 (8) 20: 1 0 :22:08 
Purpose of facil ity. The applicant shall describe the purpose of the 

4.0 
proposed facility. 

49-4 1 8- 1 1 ( 1 2) 20: 1 0 :22:09 
Estimated cost of facil ity. The applicant shall describe the 

5 .0  
estimated construction cost of the proposed facil ity. 

Demand for facil ity. The applicant shall provide a description of 

present and estimated consumer demand and estimated future 

energy needs of those customers to be directly served by the 

proposed facility. The applicant shall also provide data, data 

49-4 1 8- 1 1 (9) 20: 1 0 :22 : 1 0  
sources, assumptions, forecast methods or models, o r  other 

4 .0 
reasoning upon which the description is based. This statement shall 

also include information on the relative contribution to any power or 

energy distribution network or pool that the proposed facility is 

projected to supply and a statement on the consequences of delay or 

termination of the construction of the facility. 

General site descriptions. The application shall contain a general 

49-4 18- 1 1 20: 1 0 :22: 1 1  site description of the proposed facil ity including a description of 6 .0 

the specific site and its location with respect to state, county, and 

2 
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SDCL ARSD Required Information 
Location in 
Appl ication 

other political subdivisions; a map showing prominent features such 
as cities, lakes and rivers; and maps showing cemeteries, places of 
historical significance, transportation facilities, or other public 
facil ities adjacent to or abutting the plant or transmission site. 
Alternative sites. The applicant shall present information related to 
the selection of the proposed site for the facil ity, including the 
following: 
( 1 ) The general criteria used to select alternative sites, how 
these criteria were measured and weighed, and reasons for selecting 
these criteria; 

49-4 1 B- 1 1 (6);34A-
20: 1 0 :22 : 1 2  

(2) An evaluation of alternative sites considered by the 
7 .0  

9-7(4) applicant for the facil ity; 
(3 ) An evaluation of the proposed plant or transmission site 
and its advantages over the other alternative sites cons idered by the 
applicant, including a discussion of the extent to which reliance 
upon eminent domain powers could be reduced by use of an 
alternative s ite, alternative generation method, or alternative waste 
hand l ing method. 
Environmental i nformation. The applicant shal l provide a 
description of the exi sting environment at the time of the submission 
of the application, estimates of changes in the existing environment 
which are anticipated to result from construction and operation of 
the proposed facility, and identification of irrevers ible changes 
which are anticipated to remain beyond the operating l ifetime of the 

49-4 I B- 1 1 ( 1 1 ) ; 
faci lity . The environmental effects shal l be calculated to reveal and 

20: 1 0 :22: 1 3  assess demonstrated or suspected hazards to the health and welfare 9 .0- 1 8.0 
49-4 1 B-22(2) 

of human, plant and animal communities which may be cumulative 
or synergistic consequences of siting the proposed faci l ity in 
combination with any operating energy conversion facilities, 
existing or under construction. The applicant shall provide a list of 
other major industrial faci l ities under regulation which may have an 
adverse effect of the environment as a result of their construction or 
operation in the transmission site or siting area. 
Effect on physical environ ment. The applicant shall provide 
information describing the effect of the proposed faci l ity on the 
physical envi ronment. The information shal l include: 
( I )  A written description o f  the regional land forms 
surrounding the transmission site or through which the transmission 
facility wi l l  pass; 
(2) A topographic map of the transmission site or siting area; 

49-4 1 B- 1 1 ( 1 1  ) ; 
20: 1 0 :22: 1 4  

(3) A written summary of the geological features of the or 
9 .0  

49-4 1 B-22(2) transmission site using the topographic map as a base showing the 
bedrock geology and surficial geology with sufficient cross-sections 
to depict the major subsurface variations in the s iting area; 
(4) A descript ion and location of economic deposits such as 
l ignite, sand and gravel, scoria, and industrial and ceramic qual ity 
clay existent within the transmission site; 
(5) A description of the soi l type at the transmission site; 
(6) An analysis of potential erosion or sedimentation which 

3 
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SDCL ARSD Required Information 
Location in 
Application 

may result from site clearing, construction, or operating activities 
and measures which will be taken for their control; 
(7) Information on areas of seismic risks, subsidence potential 
and slope instabil ity for the transmission site; and 
(8) An analysis of any constraints that may be imposed by 
geological characteristics on the design, construction, or operation 
of the proposed facil ity and a description of plans to offset such 
constraints. 
Hydrology. The applicant shall provide information concerning the 
hydrology in the area of the proposed plant or transmission site and 
the effect of the proposed site on surface and groundwater. The 
information shal l include: 
( I )  A map drawn to scale of the plant o r  transmission site 
showing surface water drainage patterns before and anticipated 
patterns after construction of the facil ity; 
(2) Using plans filed with any local, state, or federal agencies, 
indication on a map drawn to scale  of the current planned water uses 
by communities, agriculture, recreation, fish, and wi ldlife which 
may be affected by the location of the proposed faci l ity and a 
summary of those effects; 

49-4 I B- 1 1 ( 1 1 ) ; 
(3) A map drawn to scale locating any known surface or 

49-4 1 B-22(2) 20: 1 0 :22 : 1 5 
groundwater suppl ies within the siting area to be used as a water 

1 0 .0 
source or a direct water discharge site for the proposed faci lity and 
all offsite pipelines or channels required for water transmission; 
(4) If aquifers are to be used as a source of potable water 
supply or process water, specifications of the aquifers to be used and 
definitions of their characteristics, including the capacity of the 
aquifer to yield water, the estimated recharge rate, and the qual ity of 
ground water; 
(5 ) A description of designs for storage, reprocessing, and 
cool ing prior to discharge of heated water entering natural drainage 
systems; 
(6) If deep well injection is to be used for effluent disposal, a 
description of the reservoir storage capacity, rate of injection, and 
confinement characteristics and potential negative effects on any 
aquifers and groundwater users which may be affected. 
Effect on terrestrial ecosystems. The appl icant shall provide 
information on the effect of the proposed facil ity on the terrestrial 
ecosystems, including existing information resulting from biological 
surveys conducted to identify and quantify the terrestrial fauna and 

49-4 IB - 1 1 ( 1 1 ) ;49-
flora potentially affected within the transmission site, or siting area; 

4 I B-22(2) 
20 : 1 0 :22 : 1 6 an analysis of the impact of construction and operation of the I 1 .0 

proposed facil ity on the terrestrial biotic environment, including 
breeding t imes and places and pathways of migration; important 
species; and planned measures to amel iorate negative biological 
impacts as a result of construction and operation of the proposed 
facility. 

49-4 IB - I  l ( 1 1  ) ;49-
20 : 1 0 :22 : 1 7 

Effect on aquatic ecosystems .  The applicant shal l provide 
1 4 .0 

4 1 B-22(2) information of the effect of the proposed facil ity on aquatic 

4 
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SDCL ARSD Required Information 
Location in 
Appl ication 

ecosystems, and including existing information resulting from 
biological surveys conducted to identify and quantify the aquatic 
fauna and flora, potentially affected within the transmission site, or 
siting area, an analysis of the impact of the construction and 
operation of the proposed faci l ity on the total aquatic biotic 
environment and planned measures to ameliorate negative biological 
impacts as a result of construction and operation of the proposed 
faci l ity. 
Land use. The app licant shal l provide the fol lowing information 
concerning present and anticipated use or condition of the land: 
( I ) A map or maps drawn to scale of the transmission site 
identifying existing land use according to the following 
classification system: 
(a) Land used primarily for row and non row crops in 
rotation; 
(b) Irrigated lands; 
(c) Pasturelands and rangelands; 
(d) Hay lands; 
(e) Undisturbed native grasslands; 
(f) Existing and potential extractive nonrenewable resources; 
(g) Other major industries; 

49-4 1 B- 1 1 ( 1 1 ) 
20 : 1 0:22 : 1 8  

(h) Rural residences and farmsteads, family farms, and 
1 3 .0 

49-4 1 b-22(2) ranches 
( i) Residential ; 
U) Public, commercial, and institutional use; 
(k) Municipal water supply and water sources for organized 
rural water systems; and 
(I) Noi se sensitive land uses; 
(2) Identification of the number of persons and homes which 
will be displaced by the location of the proposed facility; 
(3) An analysis of the compatibility of the proposed faci lity 
with present land use of the surrounding area, with special attention 
paid to the effects on rural l ife and the business of farming; and 
(4) A general analysis of the effects of the proposed faci l ity 
and associated facilities on land uses and the planned measures to 
ameliorate adverse impacts. 
Local land use controls .  The applicant shall provide a general 
description of local land use controls and the manner in which the 
proposed facil ity will comply with the local land use zoning or 
building rules, regulations or ordinances. If the proposed faci l i ty 
violates local land use controls, the applicant shal l  provide the 

49-4 1 8- 1 1 ;  
20 :  I 0 :22 :  1 9  

commission with a detai led explanation of the reasons why the 
1 4 .0 

49-4 1 8-28 proposed fac i l ity should pre-exempt the local controls. The 
explanation shal l include a detailed description of the restrictiveness 
of the local controls in view of existing technology, factors of cost, 
economics, needs of parties, or any additional information to aid the 
commission in determining whether a permit may supersede or 
preempt a local control pursuant to SDCL.49-4 1 8-28. 

49 :4 1 8- 1 1 20 :  1 0:22:20 Water qua lity. The appl icant shal l provide evidence that the 1 5 .0  

5 
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SDCL ARSD Required Information 
Location in 
Appl ication 

proposed facil ity wi l l  comply with all water quality standards and 
regulations of any federal or state agency having jurisdiction and 
any variances permitted. 
Air qual ity. The applicant shal l provide evidence that the proposed 

49-4 I B- 1 1 ;49-4 1 8-
20 : 1 0 :22 :2 1  

facility wi l l  comply with a l l  a i r  quality standards and regulations of 
1 6.0 

22 any federal or state agency having jurisdiction and any variances 
permitted. 
Time schedule. The appl icant shall provide estimated time 

49-4 1 8- I I (3)  20: 1 0:22:22 
schedules for accompli shment of major events in the 

1 7 .0 
commencement and duration of construction of the proposed 
facility. 
Commun ity im pact. The applicant shall include an identification 
and analysis of the effects the construction, operation, and 
maintenance of the proposed facil ity wil l  have on the anticipated 
affected area including the following: 
( I ) A forecast of the impact on commercial and industrial 
sectors, housing, land values, labor market, health faci l ities, energy, 
sewage and water, solid waste management faci l ities, fire 
protection, law enforcement, recreational facil ities, schools, 
transportation facil ities, and other community and government 
facilities or services; 
(2) A forecast of the immediate and long-range impact of 
property and other taxes of the affected tax ing jurisdictions; 

49-4 1 B- 1 1 (#) ;  
20 : 1 0 :22:23 

(3) A forecast of the impact on agricultural production and 
1 8 .0 

49-4 1 B-22 uses; 
(4) A forecast of the impact on population, income, 
occupational distribution, and integration and cohesion of 
communities; 
(5 )  A forecast of the impact on transportation facil ities; 
(6) A forecast of the impact on landmarks and cultural 
resources of historic, religious, archaeological, scenic, natural, or 
other cultural significance. The information shal l include the 
applicant ' s  p lans to coordinate with the local and state office of 
disaster services in the event of accidental release of contaminants 
from the proposed facil ity; and 
(7) An indication of means of ameliorating negative social 
impact of the facil ity development. 
Employment estimates. The application shal l contain the estimated 
number of jobs and a description of job classifications, together with 
estimated annual employment expenditures of the appl icants, the 
contractors, and the subcontractors during the construction phase of 
the proposed facil ity. In a separate tabulation, the application shall 

49-4 1 8- 1 1 20 : 1 0:22 :24 
contain the same data with respect to the operating l ife of the 

1 9 .0 
proposed facil ity, to be made for the first ten years of commercial 
operation in one-year intervals. The application shal l include plans 
of the applicant for util ization and training of the available labor 
force in South Dakota by categories of special ski l l s  required. There 
shall al so be an assessment of the adequacy of local manpower to 
meet temporary and permanent labor requirements during 

6 
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SDCL ARSD Required Information 
Location in 
Application 

construction and operation of the proposed faci l ity and the estimated 
percentage that will remain within the country and the township in 
which the facility is located after construction is completed. 
Futu re additions and mod ifications. The appl icant shall describe 

49-4 1 8- 1 1 (5)  20: I 0 :22:25 
any plans for future modification or expansion of the proposed 

20.0 
faci l ity or construction of additional facilities which the appl icant 
may wish to be approved in the permit. 
Decommission i ng  of wind energy facilities. Funding for removal 
of facilities. The appl icant shall provide a plan regarding the action 
to be taken upon the decommissioning and removal of the wind 
energy facilities. Estimates of monetary costs and the site condition 
after decommissioning shall be included in the plan .  The 

49-4 IB-35(3 ) 20: 1 0:22 :33 .01  
commission may require a bond, guarantee, insurance, or  other 

2 1 .0 
requirement to provide funding for the decommission ing and 
removal of a wind energy faci l ity. The commission shall consider 
the size of the facil ity, the location of the facility, and the financial 
condition of the appl icant when determining whether to require 
some type of funding. The same criteria shal l be used to determ ine 
the amount of any required funding. 
Information concern ing wind energy facilities. !f a wind 
energy facil ity is proposed, the applicant shall provide the 
following information :  
( 1 ) Configuration of the wind turbines, including the distance 
measured from ground level to the blade extended at its highest 
point, distance between the wind turbines, type of material , and 
color; 
(2) The number of wind turbines, including the number of 
anticipated additions of wind turbines in each of the next five years ; 
(3 )  Any warning l ighting requirements for the  wind turbines; 
(4) Setback distances from off-site buildings, rights-of-way of 
publ ic roads, and property lines; 
(5 )  Anticipated noise levels during construction and 
operation; 

49-4 1 B- 1 1 (2, 1 1 ) 20 :  1 0 :22:33 :02 
(6) Antic i pated electromagnetic interference during operation 22.0 
of the facil ities; and 23 .0 
(7) The proposed wind energy site and major alternatives as 
depicted on overhead photographs and land use culture maps; 
(8) Reliabi l ity and safety; 
(9) Right-of-way or condemnation requirements; 
( 1 0) Necessary clearing activities; 
( 1 1 ) Configuration of towers and poles for any electric 
interconnection facil ities, including material, overall height, and 
width ; 
( 1 2) Conductor configuration and size, length of span between 
structures, and number of circuits per pole or tower for any electric 
interconnection faci l ities; and 
( 1 3) If any e lectric interconnection faci l ities are placed 
underground, the depth of burial, distance between access points, 
conductor configuration and size, and number of circuits 
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SDCL ARSD Required Information 
Location i n  
Application 

Transmission faci l i ty layout and construction .  If a transmission 
facility is proposed, the applicant shal l submit a policy statement 

49-4 1 8- 1 1 20: 1 0 :22 :34 concerning the route clearing, construction and landscaping NIA 
operations, and a description of plans for continued right-of-way 
maintenance, including stabil ization and weed contro l .  
Information concerning transm ission facil ities. If a transmission 
facil ity is proposed, the applicant shall provide the following 
information as i t  becomes available to the appl icant : 
( 1 ) Configuration of the towers and poles, including material , 
overal l height and width, 
(2) Conductor configuration and size, length of span between 
structures, and number of circuits per pole or tower, 

49-4 1 8- 1 1 (2)( 1 1 ) 20: 1 0 :22 :35 (3) The proposed transmission site and maj or alternatives as NIA 
depicted on overal l photographs and land use culture maps, 
(4) Reli abil ity and safety; 
(5) Right-of-way or condemnation requirements; 
(6) Necessary clearing activities; and 
(7) If the transmission facil ity is placed underground, the 
depth of burial , distance between access points, conductor 
configuration and size, and number of circuits . 
Additional information i n  application .  The applicant shall also 
submit as part of the application any additional information 

49-4 18-7; 
necessary for the local review committees to assess the effects of the 

49-4 1 8-22 
20: 1 0 :22 :36  proposed facil ity pursuant to  SDCL 49-4 1 8-7. The applicant shall 24.0 

also submit as part of its application any additional information 
necessary to meet the burden of proof specified in SDCL 49-4 1 8-
22. 
Statement required describing gas or l iquid transm ission l ine 
standards of construction. The applicant shall submit a statement 

Not 
20: 1 0 :22 :37  describing existing pipeline standards and regulations that will be 

followed during construction and operation of the proposed 
applicable 

transmission facil ity. 
Gas or l iquid transmission l ine  description . The applicant shall 
provide the following information describing the proposed gas or 
liquid transmission l ine : 
( I ) A flow diagram showing daily design capacity of the 
proposed transmission faci lity. 
(2) Changes in flow in the transmission facilities connected to 

20: 1 0 :22 :38  
the proposed facil ity; Not 
(3) Technical specifications of the pipe proposed to be appl icable 
instal led, including the certified maximum operating pressure, 
expressed in terms of pounds per square inch gauge (psig); 
(4) A description of each new compressor station and the 
specific operating characteristics of each station; and 
(5) A description of all storage facilities associated with the 
proposed facility. 
List of Perm its. The application for a permit for a facil ity shall 

20: 1 0 :22 :05 contain a list of each permit that is known to be required from any 24.0 
other governmental entity at the time of the filing. The list of 
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permits shall be updated, if needed, to include any permit the 

applicant becomes aware of after filing the application. The list shall 

state when each permit application will be filed. The application 

shall also list each notification that is required to be made to any 

other governmental entity. 

Applicant's burden of proof. The applicant has the burden 
of proof to establish that: 
( I ) The proposed facility will comply with all applicable 

laws and rules; 

(2) The facil ity will not pose a threat of serious injury to the 

environment nor to the social and economic condition of 

49-41 8-22 inhabitants or expected inhabitants in the siting area; 24.0 
(3) The facility will not substantially impair the health, 

safety or welfare of the inhabitants; and 

(4) The facility will not unduly interfere with the orderly 

development of the region with due consideration having 

been given the views of governing bodies of affected local 

units of government 

Upon the filing of an application pursuant to SDCL 49-418-1 1 ,  an 

applicant shall also file all data, exhibits, and related testimony 

20: 1 0:22 :39 which the applicant intends to submit in support of its application. 25.0 

The application shall specifically show the witnesses supporting the 

information contained in the application 
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2.0 Description of the Nature and Location of the Project 

The Project is situated within an approximately 53 , 1 86-acre Project Area spanning across parts 
of Codington County and Grant County, South Dakota. The Project will consist of up to 1 30 
proposed turbine locations and contains a collector substation and O&M facility located 
approximately 1 4-miles north-east of Watertown, SD. 

The Project Area in Codington County contains 90 proposed turbine locations and extends as far 
south as 1 66th street and as far west as the half section line between 458th A venue and 459th 

A venue. The Project Area in Grant County contains 40 proposed turbine locations and extends as 
far north as the half section line between 1 49th Street and 1 50th Street and as far east as 4 72nd 

A venue in Grant County, South Dakota. 

2.1 The Project 

In accordance with SDCL Chapter 49-4 1 B and ARSD Chapter 20: 1 0 :22, the Application 
provides information on the existing environment, potential Project impacts, and proposed 
avoidance, minimization, and/or mitigation measures for the following resources : 

• Physical (geology, economic deposits, soils; see Section 9); 
• Hydrology (surface water and groundwater; see Section 1 0) ;  
• Terrestrial ecosystems (vegetation, wetlands, wildlife, threatened and endangered 

species; see Section 1 1  ) ;  
• Aquatic ecosystems (see Section 1 2); 
• Land use ( agriculture, residential, displacement, sound, aesthetics, electromagnetic 

interference, safety and health, real estate values; see Section 1 3) ; 
• Water quality (see Section 1 5) ;  
• Air quality (see Section 1 6); and 
• Communities (socioeconomics, transportation and emergency response, cultural 

resources; see Section 1 8) .  

The Project i s  not expected to have significant impacts on the environment. Approximately 86 
acres of permanent disturbance is expected as a result of the Project. This represents 
approximately 0. 1 6% of the total acreage within the Proj ect Area, of which the disturbances will 
be dispersed throughout the Project Area. 

The Applicant sited facilities to avoid direct impacts to field-verified wetlands to the extent 
practical. Generally, wind turbines are located in higher elevation areas and avoid low-lying 
areas where wetlands are present. Access roads are located to avoid and minimize potential 
impacts to identified natural resources to the extent practical, while also minimizing impacts to 
existing field operations to the extent practical . Although not anticipated at this time, if shifts to 
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Project infrastructure are necessary, the Applicant will ensure that such changes avoid direct 
impacts to field-verified wetlands. 

The majority of the land that will be impacted by the Project is agricultural (Section 1 1 . 1 .2). 
Construction of the Project is not expected to adversely affect terrestrial ecosystems. Best 
Management Practices (BMPs) will be utilized to avoid or minimize impacts to vegetation and 
water resources in the Project Area during construction. The Project avoids U.S .  Fish and 
Wildlife Service (USFWS) grassland and USFWS grassland/wetland combination easements 
(Section 1 0 .2). As such, there is no federal nexus for the Project that will require National 
Environmental Policy Act review. 

Seven species listed as threatened or endangered under the Federal Endangered Species Act have 
potential to occur in the Project Area counties (Sections 1 1 . 3 . 1  and 1 2 . 1 . 1 ) : Dakota skipper 
(Hesperia dacotae, threatened); Poweshiek skipperling (Oarisma poweshiek, endangered); 
northern long-eared bat (Myotis septentrionalis, threatened); piping plover (Charadrius melodus, 

threatened); red knot (Calidris canutus rufa, threatened); whooping crane (Grus americana, 

endangered); and Topeka shiner (Notropis topeka,, endangered) . Wildlife studies and 
coordination with USFWS and South Dakota Game, Fish, and Parks (SDGFP) determined the 
Project to have a low risk of impacts to federally listed species (see Sections 1 1  and 1 2) .  

Existing land uses are not anticipated to be significantly changed or impacted by the Project. 
Sound from the Project construction activities will be temporary. Once the Project is operational, 
sound from the turbines and other facilities will be limited per applicable county requirements : 
( 1 )  Codington County - 50 dBA, average A-weighted sound pressure level effects at the property 
line of existing sound receptors (i.e . ,  non-participating residences, businesses, and buildings 
owned and/or maintained by a governmental entity); or (2) Grant County - 45 dBA, average A
weighted sound pressure, including constructive interference effects, measured at 25 feet from 
the perimeter of existing sound receptors (i .e . ,  non-participating residences, businesses, and 
buildings owned and/or maintained by a governmental entity) . A sound level modeling study was 
completed for the Project to confirm compliance with these standards (see Section 1 3) .  

Construction activities for this Project will be short-term, with no expected adverse impacts to 
the socioeconomics of the area. Project construction is anticipated to provide economic benefits 
to businesses in the region. 

Construction activities may result in increased short-term airborne dust/particulate matter from 
construction equipment and vehicle emissions. These activities will be addressed in a Project 
Storm Water Pollution Prevention Plan (SWPPP). Impacts to air quality will be temporary, and 
no long-term impacts are anticipated from construction activities. No air quality impacts from 
Project operation are anticipated nor will the Project produce air emissions that will impact the 
surrounding area (Section 1 6) .  
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In accordance with the Guidelines for Cultural Resource Surveys and Survey Reports in South 
Dakota (For Review and Compliance) (South Dakota State Historical Society 2005), cultural 
resources reviews were conducted for an area that includes a I -mile buffer of the Project 
Construction Easement. Additionally, from June to December 20 1 7 and April to November 
20 1 8, a Level III Survey was conducted for archaeological, historical, and tribal resources at 
each proposed turbine location, access route to turbines, and collection lines from turbines. The 
archaeologists supervising these investigations meet the U.S .  Secretary of the Interior' s  
Professional Qualifications Standards for archaeology. Tribal members from the Sisseton 
Wahpeton Oyate, Yankton Sioux, and Spirit Lake Nation selected to represent those tribes in 
identifying significant tribal resources were an integral part of investigation team. The Project 
has been sited to avoid and minimize impacts to identified cultural resources to the extent 
practical, and the Applicant will continue to coordinate with the agencies and tribal members 
regarding implementation of construction BMPs ( e .g . ,  site fencing) (Section 1 8 .6). 

Additional avoidance and minimization measures proposed for the Proj ect include : 

• Wind turbines will be illuminated as required by Federal Aviation Administration (FAA) 
regulations and recommendations; 

• Existing roads will be used for construction and maintenance where possible; access 
roads created for the Project will be located to limit cuts and fills; 

• Temporarily disturbed uncultivated areas will be reseeded with certified weed-free seed 
mixes to blend in with existing vegetation; 

• BMPs will be used during construction to control erosion and prevent or reduce impacts 
to drainage ways and streams by sediment runoff from exposed soils in accordance with 
the SWPPP; 

• The Applicant will avoid impacts to land held for conservation purposes via USFWS 
Grassland and USFWS Grassland/Wetland (combination) Easements; 

• Construction activities will be limited in accordance with SDGFP recommendations to 
minimize impacts to grouse leks; 

• The Applicant will avoid impacts to native grasslands to the extent practicable; 
• The Applicant will meet or exceed setbacks, conditions, and siting standards required by 

State and local governing bodies where the wind turbines are located; and 
• The Project will meet or exceed the Codington and Grant County noise requirements set 

forth above; 
• The Project will meet or exceed the Codington and Grant County shadow flicker 

requirements of limiting shadow flicker to 30  hours per year or less at all schools, 
churches, business and occupied dwellings. 
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In this Application, the Applicant has addressed each matter set forth in SDCL Chapter 49-41 B 

and in ARSD Chapter 20 : 1 0 :22 (Energy Facility Siting Rules) related to wind energy facilities. 

Included with this Application is a Completeness Checklist (Table 1 .2) that sets forth where in 

the Application each rule requirement is addressed. 

Pursuant to SDCL 49-4 1 B-22, the information presented here establishes that: 

• The proposed wind energy facility complies with applicable laws and rules; 

• The facility will not pose a threat of serious injury to the environment or to the social and 

economic condition of inhabitants in, or near, the Project Area; 

• The facility will not substantially impair the health, safety, or welfare of the inhabitants; 

and 

• The facility will not unduly interfere with the orderly development of the region, having 

given consideration to the views of the governing bodies of the local affected units of 

government. 
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3.0 Name of Owner, Manager, and Participants (ARSD 
20: 10 :22 :06;  20: 10 :22 :07) 

ARSD 20:10:22:06. Namet,· of participants required. The application shall contain the name, address, 
and telephone number of all persons participating in the proposed facility at the time of filing, as well as 
the names of any individuals authorized to receive communications relating to the application on behalf 
of those persons. 

ARSD 20:10:22:07. Name of owner and manager. The application shall contain a complete description 
of the current and proposed rights of ownership of the proposed facility. It shall also contain the name of 
the project manager of the proposed facility. 

The owner and manager of the proposed Project is Crowned Ridge Wind, LLC, a wholly-owned 

indirect subsidiary of NEER. 

The contact persons for the owner and manager are : 

Tyler Wilhelm 
Associate Project Manager 
Crowned Ridge Wind, LLC 
700 Universe Boulevard 
Juno Beach, Florida 33408 
Tyler.Wi lhelm@nexteraenergy.com 
Office (56 1 )  694-3 1 93 

Brian J. Murphy 
Senior Attorney 
NextEra Energy Resources, LLC 
700 Universe Boulevard 
Juno Beach, Florida 33408 
Brian.J .Murphy@nee.com 
Office (56 1 )  694-38 1 4  
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4.0 Purpose of, and Demand for, the Wind Energy Facility (ARSD 
20: 10 :22 :08, 20: 10:22 : 10) 

ARSD 20:10:22:08. Purpose of facility. The applicant shall describe the purpose of the proposed facility. 

ARSD 20:10:22:10. Demand for facility. The applicant shall provide a description of present and 
estimated consumer demand and estimated future energy needs of those customers to be directly served 
by the proposed facility. The applicant shall also provide data, data sources, assumptions, forecast 
methods or models, or other reasoning upon which the description is based. This statement shall also 
include information on the relative contribution to any power or energy distribution network or pool that 
the proposed facility is projected to supply and a statement on the consequences of delay or termination 
of the construction of the facility. 

The Project will generate electricity to be delivered to the high-voltage transmission grid at the 
Big Stone South Substation. NSP and CRW have entered into a PPA for the full output of the 
Project. Although, the generation from the Project will be sold to NSP, CRW will retain 
ownership of the Project and is responsible for the development, construction, and O&M of the 
Project. 

The Project provides zero-emission cost electricity to the grid and long-term, economic energy 
pricing in the region. Electricity generated from the Project will be utilized within the 
Midcontinent Independent System Operator, Inc. (MISO) regional grid to help satisfy demand 
within MISO' s  operating territory. Demand for the power and its benefits are discussed in 
Section 4.2.  

The Project will provide benefits not only to the State, but, also, to the local communities as well 
in the form of construction jobs, an increase in local economy, and investments in local 
businesses. The Project represents an approximate $400 million investment in Codington and 
Grant Counties, of which Crowned Ridge will pay taxes on the Project, increasing the tax 
revenues available in the local communities and State. The project will employ up to 1 2  
personnel (see Section 1 9). 

4. 1 Wind Resources Areas 

The Project location was selected due to its high wind resources and open area that could easily 
support a large-scale wind energy facility. Studies of the wind resource were conducted by the 
Applicant over a period of 1 0-years within the Project Area and indicated that the Project Area is 
one area in South Dakota with premier wind sources and suitable for wind energy development. 
Based on data collected, composite mean wind speeds (CMWS) are 9 .0 lm/s and generally 
highest in the winter (mainly December and January) months of the year. The Project is 
classified as an IEC Classification Class II wind site. IEC Classifications are a set of design 
requirements that ensure wind turbines are engineered against damage from hazards within their 
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planned lifetime. An IEC Class II wind site has an annual average wind speed at the hub height 
greater than 8 .5  mis and less than 1 0  mis. 

4.2 Renewable Power Demand 

Demand for renewable energy is evident in the United States, the upper Midwest region, and the 
State of South Dakota. The National Conference of State Legislatures specifies that 29 states, 
Washington, D.C . ,  and three territories have adopted a Renewable Portfolio Standard and eight 
states and one territory have set renewable energy goals (National Conference of State 
Legislatures 20 1 8). Additionally, Xcel ' s  Minnesota Resource Plan shows a demand for 1 ,800 
MW of new wind energy generation by 2026 (Xcel Energy 20 1 5). 

The Project provides a solution for the demand of clean energy within the Midwest. The market 
exists for independently produced electricity from wind projects and other renewables to meet 
the growing demand for renewable energy. The Project' s location is conveniently located within 
South Dakota' s high wind resource and with close proximity to the newly available capacity 
along the CapX2020 transmission project which allows for windier parts of the South Dakota to 
satisfy the markets growing demand for electricity in more densely populated regions further 
east. In fact, a recently completed 70-mile stretch of the CapX2020 proj ect in South Dakota has 
resulted in proposals for over nine wind projects and one natural gas plant totaling more than 
2,000 MW. One of those contributing wind projects is the Crowned Ridge Wind Project, the 
largest proposed wind energy investment in South Dakota' s history. 

According to a March 20 1 8  Gallup poll, 73% of the public believes that alternative energy is key 
in solving the nation' s  energy problems and 70% of the public think more emphasis should be 
put on wind energy (Gallup 20 1 8) .  

4.3 Consequences of Delay 

Should the Project be delayed the Project benefits for the local communities, region, and State as 
listed in Section 1 8, will be at risk. If the Project does not achieve COD by the end of the first 
quarter 2020, the Project will face commercial challenges that could place it at risk of 
completion. Delay of Project' s COD could also impact savings for regional customers as a 
higher cost of energy may be needed to fulfill renewable standards and requirements for the 
region from an alternative source of energy with potentially less, long-term economic benefits 
for the State and the Project' s  local communities. To receive the Production Tax Credit (PTC), 
the Project must be constructed by December 3 1 ,  2020. 
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5.0 Estimated Cost of the Wind Energy Facility (ARSD 
20: 10:22 :09) 

ARSD 20:10:22:09. Estimated cost of facility. The applicant shall describe the estimated construction 
cost of the proposed facility. 

The Project has an estimated capital cost of approximately $400 million. Estimated costs include 

construction costs and wind turbine pricing estimates for the proposed 1 3 0  GE 2.3 MW turbine 

layout. Cost estimate also includes lease acquisition, permitting, engineering, procurement, and 

construction of turbines, access roads, the underground electrical collector system, the Project' s 

collection substation, interconnection facilities, O&M facility, supervisory control and data 

acquisition (SCADA) system, meteorological towers, and project financing. Fluctuations in 

capital costs could be as much as 20% percent for the Project, dependent on final micrositing and 

MISO interconnection costs. 
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6.0 General Site and Project Component Description (ARSDS 
20: 10 :22 : 1 1) 

ARSD 20:10:22:11. General site description. The application shall contain a general site description of 
the proposed facility including a description of the specific site and its location with respect to state, 
county, and other political subdivisions; a map showing prominent features such as cities, lakes and 
rivers; and maps showing cemeteries, places of historical significance, transportation facilities, or other 
public facilities adjacent to or abutting the plant or transmission site. 

The Project will be located on approximately 53 , 1 86 acres of land in Codington and Grant 
Counties, northeast of Watertown, South Dakota (Figure 1 ) .  Figures provided in Appendix A 
provide the Project location in relation to locations of State, county, and town boundaries; lakes 
and rivers; railroads; and major highways and roads. There are no active transportation facilities 
(e .g. ,  airports) other than roads and railroads within or directly adjacent to the Project Area. One 
school is located in the Project Area (Figure 2). Table 6 . 1 shows the counties, townships, 
sections, and ranges that intersect the Project Area. 

Table 6.1 Sections that intersect the Project Area 

County Township Name Township Range Sections 

Codington Waverly 1 18 51 1-5 , 7-23, 28-30, 32 

Codington Rauville 118 52  13, 24-25 

Codington Leola 1 19 5 1  4-5 ,  7-9, 17- 1 9, 25 -36 

Codington Germantown 1 1 9 52  23-26, 36 

Grant Troy 1 18 50 3-10, 1 7- 1 8  

Grant Stockholm 1 19 50 3 - 11, 13- 18, 20-29, 31-34 

Grant Twin Brooks 120 50 17-20, 22 ,  26-35 

Grant Mazeppa 1 20 51 12- 14, 23-24, 32-33 

The Project will have a nameplate capacity of approximately 300 MW and will include the 
following permanent features :  wind turbines and associated pad-mounted transformers, access 
roads, underground electrical collector lines, the low-side of the collection substation, 
interconnection facilities and switching stations, a meteorological tower, an O&M facility, and 
SCADA system. Table 6.2 lists the sections within the Project Area which contain features of the 
proposed wind energy conversion facility. 
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Table 6.2 Sections Containing Project Features 

County Township Name Township Range Sections 

Codington Waverly 118 51 1-3 ,  5 ,  8 -12, 14-23 

Codington Rauville 118 52 13 , 24-25 

4-5 ,  7-9, 17-19, 25 -26, 28-32,  
Codington Leola 119 51 35-36 

Codington Germantown 119 52 23 , 25-26, 36 

Grant Troy 118 50 3 -6, 8,  10, 

Grant Stockholm 119 50 3 -6,9-10, 13 -16,23 -29,32 -34 

Grant Twin Brooks 120 50 17, 19-20, 28-30, 32-34 

Grant Mazeppa 120 51 24, 32-33 

In addition, the following temporary features will be associated with the project : crane paths, one 
concrete batch plant, and one laydown area. These features are described below in more detail. 
The dimensions and estimated temporary and permanent impacts of these features can be found 
in Table 8 . 1 .  

6. 1 Turbines 

The Crowned Ridge Wind Farm turbine layout will consist of 1 30 three bladed, upwind, 
horizontal-axis wind turbines (Figure 3) which originate from the GE 2 MW-1 1 6  model series. 
The proposed Project will utilize 1 1 7 GE 2.3 MW turbines with 1 1 6-meter (38 1 -feet) rotor 
diameter and 90-meter (295-feet) hub height (Figure 4a) as the Project' s  primary turbine 
technology, and 1 3  GE 2.3 MW turbines with 1 1 6-meter (3 8 1 -feet) rotor diameter and an 80-
meter (262-feet) hub height (Figure 4b) as the Project' s secondary technology which will be 
utilized in select locations . The 20 alternate turbines have the same specifications as the primary 
turbine technology (GE 2.3MW with 1 1 6-meter (3 8 1 -feet) rotor diameter and 90-meter (295-
feet) hub height) . However, only a maximum of 1 30  turbines in total will be constructed. 
Alternate turbines are included to provide flexibility through the permitting and construction 
process in the event an unforeseen condition arises during construction that indicates a primary 
turbine should be dropped and an alternate turbine activated. Table 6 .3 identifies the wind 
turbine characteristics for the Project' s  selected turbine models. 
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Table 6.3 Wind Turbine Characteristics 

Generator 
Nameplate 

Manufacturer Model Rotor Diameter Hub Height Capacity 

GE GE 2MW-116 1 16  meters 90 meters 2.3 MW 

GE GE 2MW-116  1 16 meters 80 meters 2.3 MW 

The turbines are comprised of three major features being the tower, the nacelle, and the rotor: 

Tower: The wind turbine is mounted on top of a tubular tower. The tubular towers proposed for 
the Project will be conical steel structures. The tubular tower is manufactured in sections from 
steel plate and the 3 tubular steel sections utilize bolted connections. A lockable steel door at the 
base of the tower provides secure access. An internal ladder with fall protection, connected to the 
steel wall of the tower, provides access to the top of the tower. There are service platforms 
within the tower. The turbines will be grounded in accordance with National Electrical Safety 
Code standards and comply with all FAA requirement in accordance with FAA regulations, 
the towers will be painted off-white to minimize visual impact. 

Nacelle: The nacelle houses the main components of the wind turbine generator. Access from the 
tower into the nacelle is through the bottom of the nacelle. The nacelle is ventilated. It is 
illuminated with electric light. A hatch at the front end of the nacelle provides access to the 
blades and hub. The rotor can be secured in place with a rotor lock. The nacelle components 
include the drive train, gearbox, generator. The nacelle is housed in a steel-reinforced fiberglass 
shell that protects internal machinery from the environment. The housing is designed to allow for 
adequate ventilation to cool internal machinery. It is also contains an anemometer and a wind 
vane to measure wind speed and direction. The generated electricity is conducted through cables 
within the tower to the Down Tower Assembly mounted at the base of the turbine tower. 
Attached to the top of select nacelles, per FAA specifications, will be a single, medium-intensity 
aviation warning light. The preferred manner of lighting is by means of an Aircraft Detection 
Lighting System ("ADLS") .  Subject to FAA approval , applicants will install an ADLS within 
one ( 1 )  year of approval by FAA for the specified project. In the event FAA does not approve the 
use of an ADLS system, CRW will comply with all lighting and markings otherwise required by 
FAA. 

Rotor: A rotor assembly is mounted on the drive shaft and operates upwind of the tower. Rotor 
speed is regulated by a combination of blade pitch angle adjustment and generator/converter 
torque control. The rotor spins in a clock-wise direction under normal operating conditions when 
viewed from an upwind location. 
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6.2 Access Roads and Crane Paths 

Existing county roads within the Project Area will be utilized during the construction and 
operation of the proj ect. Most of the county roads within the Project Area have a gravel surface, 
some of which may need to be improved to accommodate equipment deliveries and construction 
traffic. For the same reasons, some culverts also may need to be upgraded. The Applicant will 
obtain permits and authorizations from the appropriate agencies to comply with county, state, 
and federal rules for oversized loads.  Additionally, the Applicant will identify routes and 
complete any improvements necessary in accordance with the Road Use Agreements to be 
developed in coordination with Grant County and Codington County. To date, a Road Use 
Agreement has been executed with Codington County, while a Road Use Agreement is currently 
under the review of Grant County. 

The Applicant will construct low-profile, private, gravel roads for construction and maintenance 
access to each turbine, the O&M facility, and the collector substation. During the construction 
phase access roads to Project infrastructure will utilize a temporary width of approximately 32 
feet to accommodate larger equipment. After construction, the access roads to turbines will be 
reduced to a permanent width of approximately 1 6  feet. It is anticipated that the access road 
network for the Project will include approximately 4 1 .6 miles of new permanent access roads. 
Subject to final turbine placement, the Applicant has conservatively calculated approximately 
744.9 acres of temporary disturbance and 80.7 acres of disturbance during the life of the Project 
for access roads. 

Separate access (i.e . ,  crane paths) is required in some cases for the cranes used to erect wind 
turbines. Temporary crane paths will be constructed between turbine locations and situated to 
minimize total ground impacts to the extent practical . Following completion of construction, the 
Applicant will remove temporary crane paths and restore these areas to the extent practicable. 
Table 8 . 1  summarizes the estimated ground disturbance impacts (both temporary impacts during 
construction and operational impacts during the life of the Project) calculated for the Project' s  
access roads, crane paths, and other notable Project features. 

6.3 Underground Electrical Collection Lines and Junction Boxes 

Each wind turbine will be connected to the collector substation by underground power cables, 
called collection lines, and fiber optic communication lines. A pad-mounted transformer at each 
turbine location provides the power at 34 .5  kV. The collection lines are buried at least 36  inches 
below ground surface to allow for existing land uses and safe operation of the Project. Fiber 
optic lines are collocated with collection lines and are used for communication and for operating 
wind turbines. Junction boxes are above-ground locations where collections lines are spliced and 
connected. Typical installation methods include trenching, boring, and horizontal/directional 
drilling. It is anticipated that 520.9 acres of temporary disturbance will result from the 
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construction of the underground collection lines and junction boxes, and a total of 0 .7-acre of 
permanent disturbance will be associated with the junction boxes. 

6.4 Collection Substation 

All underground electrical collection cables and communication lines will terminate at the 
collection substation. The purpose of the Project' s  collection substation will be to step up the 
electricity generated by the project at 34 .5kV to 230kV so that it may be transmitted along the 
transmission system. The collector substation will include two power transformers, transmission 
breakers, feeder breakers, disconnect switches, a control house, metering unit, and a substation 
pull-off superstructure. The collector substation will be monitored at a remote operations center, 
to ensure it is operating safely. The general location of the collector substation is planned to be 
constructed southeast of 1 6 1  st Street and 464th Avenue, approximately 4 miles south of South 
Shore, South Dakota. Up to 1 0  acres of land will be purchased to facilitate the construction and 
operation of the collection substation and the collocated O&M facility (see Section 6 .7 and Table 
8 . 1 ). The collector substation will be located within a fenced area, designed in accordance to 
industry standards. It is anticipated that 1 .3 acres of permanent disturbance will result from the 
construction of the collection substation. 

6.5 Interconnection Facilities and Reactive Power Compensation Station 

The single circuit, 34-mile long 230kV transmission line will use tubular steel structures. The 
transmission line will transmit the power from the collection substation to the reactive power 
compensation station. The reactive power compensation substation will contain breakers, 
switches, a series capacitor bank, and a shunt capacitor bank. The generated power will be 
transferred from the reactive power substation to the adjacent Big Stone South Substation via an 
approximately 1 00-ft overhead string bus. 

6.6 Meteorological Tower 

There will be one permanent meteorological tower installed with anemometers (for wind speed 
measurement) installed in the Project Area. The tower will be approximately 275 feet (83 
meters) in height. The anemometers will be mounted at varying heights above the ground. The 
permanent meteorological tower will be marked and lighted as specified by the FAA. The 
meteorological tower will result in 1 .25 acres of temporary impacts, and in only 0.00 1 acre of 
permanent impact. 

6. 7 O&M Facility 

The O&M facility will include a main building with offices, spare parts storage, restrooms, a 
septic system, a shop area, outdoor parking facilities, a tum-around area for larger vehicles, 
outdoor lighting, and gated access with partial- or full-perimeter fencing. Located directly 
adjacent to the Project 's collector substation, the O&M facility will comprise of a single-story 
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building of approximately 5 ,000 square-foot building, which will house operating personnel, 
offices, operations and communication equipment, parts storage and maintenance. The facility 
will be planned, maintained, and operated in compliance with applicable North American 
Electric Reliability Corporation Reliability Standards. The O&M organization has a program of 
maintenance standards providing the capability to manage compliance to transmission 
maintenance standards. The Applicant will use these O&M subject matter experts to develop and 
implement procedures for the maintenance of the transmission line and substation. Up to 10  
acres of  land will be  purchased to facilitate the construction and operations of  the O&M facility 
and collection substation (see Section 6.4). It is anticipated that 0 .7 acres of permanent 
disturbance will result from the O&M facility. 

6.8 SCAD A System 

The Project' s SCAD A enables the monitoring and controlling of the entire Project, inclusive of 
the Project' s wind turbines . A fiber-optic cable system will be connected to each individual 
turbine within the Project Area. Two separate teams will provide real time oversite of the project : 
the O&M team located on site within the O&M facility and a team working remotely from the 
Renewable Operations Control Center (ROCC) located in Juno Beach, Florida. The SCADA 
system, which is monitored twenty-four hours a day, seven days a week by both the O&M team 
and ROCC, further ensures safety, reliability, and optimal performance of the Project. Data 
collected by the SCADA system allows for real time adjustments to be made to the turbines for 
instances such as higher wind speeds or ice build-up on the turbine blades. Additionally, the full
time observation of the SCADA system allows for the O&M team to take necessary steps on site 
before larger issues could occur which prevents remobilization of larger equipment to the Project 
Area and unnecessary disturbances to existing land uses. 

6.9 Concrete Batch Plant 

A large amount of concrete is needed for turbine foundations. As such, it is most efficient to mix 
concrete on-site . One batch plant will serve as a staging area for dry constituents (sand, 
aggregate cement, etc .) hauled to the Project Area from off-site sources, and water supplied from 
municipal or other off-site sources and trucked to the Project Area, and mixing. The appropriate 
water appropriation permits will be obtained for the source water, as necessary. Electrical power 
for the batch plants will be supplied by portable generators or the local electrical distribution 
system. If the location of the batch plant should change, the Applicant will site the necessary 
batch plant on leased land and will avoid sensitive cultural and natural resources. It is anticipated 
that 9.2 acres of temporary disturbance and O acres of permanent disturbance will result from the 
proposed batch plant. 
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6.10 Laydown Area 

The laydown area will be used to conduct maintenance on construction equipment and vehicles 
and to store fuel . On-site fuel storage will have secondary containment and will be inspected 
regularly, with containment being remediated promptly in accordance with the Project' s Spill 
Prevention, Control, and Countermeasures Plan (SPCC). Fuel handling activities and spill 
remediation will also adhere to the procedures outlined in the Project' s SPCC. It is anticipated 
that 50  acres of temporary disturbance and O acres of permanent disturbance will result from the 
proposed laydown area. 

6. 1 1  Construction 

Construction of the Project is expected to last between 5 to 9 months and commence m late 
summer 20 1 9. Once the Applicant obtains the Facility Permit and other county, State, and 
federal approvals, the Applicant will complete engineering-scale design of the access roads, 
construction areas, turbine foundations, and electrical components . Construction of the onsite 
roads, tower foundations, collection lines, and substation will take approximately 3 to 6 months. 
Turbine installation will take approximately 2 to 3 months. Figure 5 in Appendix A shows a 
typical site layout during construction. Collection lines will be installed using trenching methods 
or, if necessary due to site conditions or the presence of sensitive resources, by other methods 
such as horizontal directional drilling. The Applicant will remove topsoil prior to trenching and 
restore topsoil after trenching is complete . The construction contractor typically will decompact 
up to 1 0  inches below grade for crane paths post construction. For road construction, topsoil will 
be removed and stockpiled in the temporary construction area. If necessary for access roads, 
culverts will be installed or improved. For turbine foundation installation, topsoil and subsoil 
will be removed, separated, and stockpiled at each site . Following construction, subsoil and 
topsoil will be restored over the area surrounding the foundation. Temporary construction areas 
will be restored after construction, including removing gravel, decompacting subsoil, and 
replacing topsoil. Temporary and permanent stabilization measures such as mulching, seeding 
with appropriate seed mix, and installing slope breakers, will be implemented as detailed in the 
Project' s SWPPP . 

The Applicant will coordinate with the South Dakota Department of Transportation (SDDOT), 
Codington County and Grant County, and Project Area townships to manage construction traffic, 
and to ensure that equipment and components are delivered safely to the Project. The Applicant 
will obtain SDDOT Highway Access and Utility Permits prior to construction, and contractors 
will be required to obtain applicable over height or overweight haul permits . County road 
permits required for right-of-way (ROW) occupancy, utility crossings, road approaches, and 
overweight loads will be obtained from Codington County and Grant County prior to beginning 
construction activities for which the permit is required. The Project is expected to employ 
approximately 250 people at the height of construction. 
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Additionally, the Applicant will work closely with affected landowners to ensure fences are 
maintained and livestock protected during the construction phase and throughout Project 
operation. 

6. 12 Operations 

Approximately 7- 1 2  permanent employees, consisting of an operations manager and wind 
technicians, will operate the windfarm and substation after construction is completed. The 
operations team will be at the Project Area or O&M facility during normal business hours. This 
team will conduct routine inspections and maintenance will occur during the life of the Project. 
The operations team will also address any issues and optimize the performance of the plant. The 
team will have personnel on-call 24 hours per day, 7 days per week to address issues arising 
outside of normal business hours . The onsite operations team will work in conjunction with the 
ROCC located in Juno Beach, Florida. The ROCC will assist in determining any turbines not 
operating efficiently, determine operating issues, and recommend responsive action to optimize 
performance of the Project. The ROCC is constantly monitoring all issues such as overheating, 
turbulence, and vibrations. The onsite operations team will also perform visual assessments of 
wind turbines and associated components for long-term viability. The Applicant' s plan for 
addressing emergency incidents will  be in place as discussed in Section 1 8 .3 .3  and Section 22.2 .  

During operations, the site team will perform scheduled, preventive maintenance on wind 
turbines. Typically, this is done with representatives of the turbine manufacturer for the first 1 -
3 years. Two separate routine maintenance checks are completed each year: one is semi-annual, 
and one is annual . The semi-annual turbine maintenance is performed twice a year and consists 
of lubrication, fluid checks, minor electrical inspections, and turbine functionality checks. The 
annual maintenance, completed once per year, is a 36-hour inspection with a 3-technician crew. 

25 

Exhibit A1

 
006979

ADMINISTRATIVE RECORD - Scan 4 - Page 36 of 139

- Page 2153 -



7.0 Alternative Sites and Siting Criteria (ARSD 20: 10 :22: 12) 

ARSD 20:10:22:12. Alternative sites. The applicant shall present information related to its selection of 
the proposed site for the facility, including the following: 

(1) The general criteria used to select alternative sites, how these criteria were measured and 
weighed, and reasons for selecting these criteria; 
(2) An evaluation of alternative sites considered by the applicant for the facility; 
(3) An evaluation of the proposed plant, wind energy, or transmission site and its advantages over the 
other alternative sites considered by the applicant, including a discussion of the extent to which 
reliance upon eminent domain powers could be reduced by use of an alternative site, alternative 
generation method, or alternative waste handling method. 

The following is a description of the general Project Area selection process, a discussion of the 

site configuration alternatives considered for the Project, and a summary of the Project' s siting 

criteria applied through the development process. 

7.1 General Project Location Selection 

Development of the Project was an iterative process involving general Project Area 

identification, Project Area (i .e . ,  boundary) refinement; and micro-siting of proposed project 

infrastructure within the Project Area. Each of these steps is described in more detail below. 

Eliminate of alternatives, and the identification of the Project Area was primarily driven by: 

• Available wind energy resource; 

• Access to viable transmission interconnection; 

• Landowner support for wind energy development; and 

• Land use and environmental resource compatibility with wind development. 

In 2006, Crowned Ridge began evaluating the available wind resource in the Project Area. Over 

I 0-years of wind resource data was collected by the Applicant which showed that a significant 

wind resource was present and suitable for the development of a competitive, large scale wind 

energy facility. The Project Area' s wind resource aided the Applicant' s efforts in identifying the 

overall size of the Project, the Project's turbine type and technology, and the most efficient areas 

for the placement of turbines. 

The Project is located within adequate proximity to the Big Stone South Substation where access 

to sufficient transmission infrastructure and interconnection capacity is available. Newly 

proposed transmission improvement projects, some of which are now completed in eastern South 

Dakota, further assured available capacity in the region and solidified the viability of the Project. 

With such proximity to the Big Stone South Substation, the Applicant was able to design the 

Project' s 34-mile generation tie line to effectively and efficiently deliver power to the MISO 
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transmission grid while utilizing rural, agricultural lands, minimizing impacts to human 
settlements and providing benefits to the local economy in the form of easement payments . 

Landowner support of the project has been present for over 1 0  years and is showcased by the 
Applicant' s ability to obtain the necessary wind leases to adequately host the Project. Many of 
the Project' s landowners have been wind lease holders since development commenced in 2006 
and elected to renew their leases multiple times over the course of development. Within the 
approximately 53 , 1 86-acre Project Area leases have been obtained for 374 parcels totaling 
approximately 45 ,93 5 acres of land or approximately 99% of the total Project Area. 

A discussion of land use and environmental resource compatibility is included in Section 7 .2 
below. 

7 .2 Site Configuration Alternatives 

Previous, earlier alternative Project configurations were based on considerations such as 
participating landowners, available desktop wetland and floodplain data, applicable roads, and 
former iterations of the Codington County Wind Energy System and Grant County Wind Energy 
System Requirements . The purpose of previous layouts was to establish a general site 
configuration that will allow the Applicant' s engineering and environmental teams to complete 
due diligence through detailed desktop analyses, field surveys, manual walkdowns, and 
micrositing. 

The Applicant completed desktop analyses and site-specific field studies of vanous site 
configurations in accordance with the USFWS Land-based Wind Energy Guidelines (WEG) to 
determine the potential for presence of sensitive natural resources. Data collected during these 
analyses and surveys informed an iterative process of refined infrastructure micro-siting, 
whereby the Applicant refined the Project configuration over a period of several months. 

Multiple proj ect configurations were also considered as a result of adopted changes to the local 
wind energy siting requirements in both Codington County and Grant County. This process 
occurred during the later stages of development while the Applicant was finalizing the Project's 
turbine locations. New siting requirements such as I -mile setbacks from municipal boundaries 
(i .e . ,  Waverly and Stockholm) and increased setbacks from participating residences removed 
large quantities of leased acreage from consideration. Numerous Project configurations were 
evaluated but the Applicant could not successfully reach compliance with the new siting 
requirements without expanding the Project Area. Approximately 1 5 ,500 acres of the current 
Project Area was acquired from Geronimo Energy, LLC as a means for the Applicant to find 
suitable locations for the turbines that had to be relocated. 

The current Project site layout (Figure 3) is compatible with existing land use (Section 1 3), 
utilizes the wind resource in an efficient manner, and avoids or minimizes impacts to natural 
(e .g . ,  wetlands, streams) and cultural (e.g . ,  cairns, stone circles) resources. As described in 
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Section 1 8 .6, impacts to cultural resources will be avoided or mitigated in consultation with the 

State Historic Preservation Office (SHPO). The Applicant also will avoid or minimize impacts to 

terrestrial and aquatic and ecosystems, including wildlife, as described in Sections 1 1  and 1 2, 

respectively. 

Additionally, the layout is compliant with state and county setback requirements and ordnances. 

Setback requirements are laid out in Section 1 3 ,  Table 1 3 . 1 .2 .  

The buildable area for turbines, after considering the setbacks shown in Table 1 3 . 1 .2, and other 

environmental factors (Figure 6), is depicted on Figure 7. 

7 .3 Lack of Reliance on Eminent Domain Powers 

The Applicant will not exercise eminent domain powers; rather, all easements will be voluntarily 

acquired. 
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8.0 Environmental Information (ARSD 20: 10 :22 : 13) 

ARSD 20:10:22:13. Environmental information. The applicant shall provide a description of the 
existing environment at the time of the submission of the application, estimates of changes in the existing 
environment which are anticipated to result from construction and operation of the proposed facility, and 
identification of irreversible changes which are anticipated to remain beyond the operating lifetime of the 
facility. The environmental effects shall be calculated to reveal and assess demonstrated or suspected 
hazards to the health and welfare of human, plant and animal communities which may be cumulative or 
synergistic consequences of siting the proposed facility in combination with any operating energy 
conversion facilities, existing or under construction. The applicant shall provide a list of other major 
industrial facilities under regulation which may have an adverse effect on the environment as a result of 
their construction or operation in the transmission site, wind energy site, or siting area. 

Sections 9 through 1 8  describe the existing environment at the time of the submission of the 
application, anticipated impacts to the existing environment from construction and operation of 
the proposed Project, identification of irreversible changes that are anticipated to remain beyond 
the operating lifetime of the proposed facility, and mitigation measures the Applicant will 
undertake. These chapters also identify avoidance, minimization, and mitigation measures that 
will be implemented for the Project. 

ARSD 20: 1 0 :22 : 1 3  states, "The environmental effects shall be calculated to reveal and assess 
demonstrated or suspected hazards to the health and welfare of human, plant and animal 
communities which may be cumulative or synergistic consequences of siting the proposed 
facility in combination with any operating energy conversion facilities, existing or under 
construction." The Applicant is unaware of any other operating energy conversion facilities, 
existing or under construction, or other major industrial facilities under regulation within or 
adjacent to the Project Area. As such, no cumulative or synergistic consequences related to 
environmental effects contemplated by the regulation are known to exist for the proposed 
Project. The Applicant is aware that the Dakota Range Wind 1 area located to the northwest of 
the Project has been permitted through the PUC, but not yet constructed. In addition, the Cattle 
Ridge Project also was permitted locally through Grant County and was subsequently acquired 
by the Applicant and is now included as part of the Project. 

Table 8 . 1  summarizes the ground disturbance impacts (both temporary impacts during 
construction and permanent impacts during the life of the Project) calculated for the Project. 

29 

Exhibit A1

 
006983

ADMINISTRATIVE RECORD - Scan 4 - Page 40 of 139

- Page 2157 -



Table 8.1 .  Summary of Crowned Ridge Wind Disturbance Impacts 

Temporary Construction Permanent 

Project Component Construction Disturbance to be Distu rbance during 

Disturbance Reclaimed Operations 

4.50 acres per turbine 0 .02 acres per turbine 

Wind Turbines 1 
(this area includes one 

4.48 acres per turbine 
(this area includes one 

temporary crane pad per permanent transformer 

turbine) mount per turbine) 

Access Roads2 200 feet wide per linear 1 84 feet wide per linear 1 6  feet wide per linear 

foot of road foot of road foot of road 

0 feet wide per linear 

foot (0.0 acre) for 
approximately 50 feet collection lines 

Collection Lines3 approximately 50 feet wide per linear foot minus 

wide per linear foot 12 feet by 8 feet per 12 feet by 8 feet (0 .02 

junction box acre) for each junction 

box (35 junction boxes 

anticipated) 

approximately 50 feet 

wide per linear foot, with 
approximately 50 feet 0 feet wide per linear 

Crane Path4 possibility of some 

locations up to 80 feet 
wide per linear foot foot 

wide per linear foot 

Supervisory Control and 

Data Acquisitions 
1 .25 acres 

1 .25 acres minus 5 square 
0.00 1 acre 

(SCADA) Meteorological feet (0.00 1 -acre) 

(MET) Tower5 

O&M Facility 1 0.0 acres 
9 .3 acres, minus the 

0 .7  acre 
collection substation 

Collection Substation 
8 .7 acres, minus the O&M 

(located on same 1 0-acre 1 0.0 acres 1 .3 acres 

parcel as O&M facility) 
facility 

Laydown Area 50.0 acres 50.0 acres 0 acre 

Concrete Batch Plant Approximately 9.2 acres 9.2 acres 0 acre 

I Constructton impacts assumed a 250-foot constructwn radius around each turbine (approximately 4. 50 acres per 
turbine). Impacts during operation account for a 30-joot diameter gravel pad, containing the turbine base, or 0. 02 
acres per turbine. 
2 Access road construction easement width is 200 feet wide to account for potential maximum impact and is a 
conservative estimate of disturbance. Access roads are anticipated to temporarily be 32 feet or less in width during 
construction and later will be reduced to a permanent 16-foot width for operation. Access road impacts also assume 
all proposed roads are new access roads and do not consider improvements to existing roads separately. 
3 Collection line impacts are based on proposed collection corridors that vary in width from 50-90 feet. Where 
collection line corridors overlap access road construction easements, the respective impact buffers generally 
overlap. Once collection lines are further defined, final impacts will be less than those currently calculated 
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4 Crane path width is based on turbine types. Crane paths required to support crane access to turbines typically are 
up to 5 0 feet wide. In select and highly constrained portions of the Project, up to 80 feet in width may be needed for 
crane paths. Overall, temporary impacts are a conservative estimate of disturbance. Where crane paths overlap 
access road construction easements, the respective impact bi.iffers generally overlap. 
5 Area of impact is 1.25 acres for one guyed tower during installation. Once installed, the tower has a one square
foot base plate and four one square-foot anchor points, for a total of five square feet. 
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9.0 Effect on Physical Environment (ARSD 20 : 10 :22: 14) 

ARSD 20:10:22:14. Effect on physical environment. The applicant shall provide information describing 
the effect of the proposed facility on the physical environment. The information shall include: 

(1) A written description of the regional landforms surrounding the proposed plant or wind energy 
site or through which the transmission facility will pass; 
(2) A topographic map of the plant, wind energy, or transmission site; 
(3) A written summary of the geological features of the plant, wind energy, or transmission site using 
the topographic map as a base showing the bedrock geology and surficial geology with sufficient 
cross sections to depict the major subsurface variations in the siting area; 
(4) A description and location of economic deposits such as lignite, sand and gravel, scoria, and 
industrial and ceramic quality clay existent within the plant, wind energy, or transmission site; 
(5) A description of the soil type at the plant, wind energy, or transmission site; 
(6) An analysis of potential erosion or sedimentation which may result.from site clearing, 
construction, or operating activities and measures which will be taken for their control; 
(7) !�formation on areas of seismic risks, subsidence potential and slope instability for the plant, 
wind energy, or transmission site; and 
(8) An analysis of any constraints that may be imposed by geological characteristics on the design, 
construction, or operation of the proposed facility and a description of plans to offset such 
constraints. 

9. 1 Geological Resources 

The following sections describe the existing physical environment within the Project Area and 
the potential effects of the proposed Project on the physical environment. 

9.1 . 1  Existing Geological Resources 

The following sections describe the existing geological resources, landforms, surficial geology, 
bedrock geology, economic deposits, seismic risks, and subsidence potential within the Project 
Area. 

9.1 . 1 . 1  Regional Landforms and Surficial Geology 
The Project lies within three ecoregions, namely the Prairie Coteau Escarpment to the northeast, 
the central Prairie Coteau, and the Big Sioux Basin to the southwest. As described by Bryce et al . 
( 1 996), the Prairie Coteau Escarpment is a distinctive landform rising 300 to 600 feet above the 
Minnesota River valley that is incised by steep perennial streams that flow off it to the Minnesota 
River valley to the east. The Prairie Coteau formed from stagnant glacial ice melting beneath 
sediment layers, which resulted in tightly undulating, hummocky topography with no discemable 
drainage pattern. The region contains closely spaced semi-permanent and seasonal wetlands, 
with a chain of large lakes that formed where there was little ice shear and higher precipitation 
amounts, which support widespread burr oak woodlands near wetland margins. The Big Sioux 
Basin ecoregion is a trough that penetrates the core of the Prairie Coteau and is characterized by 
a well-developed drainage network with more tilled agriculture due to a general lack of wetlands 
and gentler topography than the Prairie Coteau. 
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Project elevations range from approximately 1 ,040 to 1 ,400 feet above mean sea level (fmsl) in 
the Prairie Coteau Escarpment region, to 1 ,947 fmsl to 2,032 fmsl in the Prairie Coteau region, 
and from approximately 1 ,9 1 2  fmsl to 2,050 fmsl in the Big Sioux Basin. Project topography is 
shown in Figure 8 .  

As  illustrated in  Figure 9a, the Project is underlain from northeast to southwest by  till consisting 
of heterogeneous, clay with silt to boulder-size clasts, that is characterized by elevated linear 
ridges with hummocky terrain in the Prairie Coteau Escarpment. The Prairie Coteau portion 
consist of stagnation moraine, end moraine, collapsed outwash, and ground moraine deposits, 
while till consisting of end moraine and undifferentiated moraine deposits underlies the western 
portion of the project in the Big Sioux Basin. The till deposits generally consist of a compact, 
silty, clay-rich matrix with sand- to boulder-sized clasts of glacial origin, with an estimated 
composite thickness of up to 300 feet (Martin et al 2004); however, pre-Late Wisconsin drift 
deposits underlie the Late Wisconsin drift deposits, which results in a total thickness for all these 
glacial deposits of 400 to 700 feet (Gilbertson 1 989). Within the till are shallow glacial outwash 
deposits of sand and gravel that occur at the land surface to depths of generally 50  feet or less, 
and deeper water-bearing sand and gravel units at depths generally greater than 1 00 feet below 
ground surface (Jensen 2003 ; see Section 1 0) .  Figure 9b shows the geological cross-section of 
the Project Area. 

As described by Martin et al (2004), the geomorphic character of the till deposits ranges from 
smooth rolling terrain (ground moraine) to elevated linear ridges with hummocky terrain locally 
at former ice sheet margins ( end moraine), while the undifferentiated till exhibits a distinctive 
weathered, dissected surface that is typically overlain by up to 1 0  feet of loess. In addition to the 
glacial deposits, Quaternary alluvium is present along the streams within the Project Area. 

9.1 . 1 .2 Bedrock Geology 
As shown in Figure 1 0, upper Cretaceous bedrock, consisting of the Pierre Shale, the Niobrara 
Formation, and the Carlile Shale underlie the Proj ect Area. The Pierre Shale underlies the 
majority of the western portion of the Project and is described as blue-gray to dark-gray, fissile 
to blocky shale with persistent beds of bentonite, black organic shale, and light-brown chalky 
shale, with minor sandstone, conglomerate, and abundant carbonate and ferruginous concretions. 
The Niobrara Formation occupies a narrow band in the center of Project Area and is described as 
white to dark-gray argillaceous chalk, marl, and shale that weathers yellow to orange and 
contains thin, laterally continuous bentonite beds, chalky carbonaceous shale, minor sand, and 
small concretions. The Carlile Shale underlies the eastern portion of the Project Area and is 
described as dark-gray to black, silty to sandy shale with several zones of septarian, fossiliferous, 
carbonate concretions, and contains up to three sandstone units in the upper portion of the 
formation and a sandy calcareous marl at the base. These bedrock formations (see Figure 1 0) are 
overlain by up to 700 feet of glacial deposits and are not exposed at the surface (Gilbertson 
1 989). 
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9.1 .1 .3 Economic Deposits 
Based on data provided by the SDDENR, review of aerial photographs, and field observations, 
economic deposits are present in two locales in the Project Area in Codington County and in two 
locales in adjoining Grant County. One locale that is continuous in both counties consists of a 
northwest to southeast trending belt that is an outwash plain situated in the Antelope Valley and 
parallels a ridge known as the Altamont moraine (Schulz 1 99 1 ;  Jarrett 1 986). This outwash 
deposit has an average overburden thickness of 2 to 3 feet and an average thickness of 25  to 30 
feet, with aggregate thicknesses up to 60 feet. Overburden refers to soil and other geologic 
materials lying between the surface and the top of the economic deposit. Here, the soil and clay 
layers overlying the sand and gravel deposit constitute the overburden. The second locale 
consists of valley train outwash deposits that are found in the valleys of creeks draining into the 
Big Sioux River from the east (Figure 9a) .  Associated with these valley-train deposits are high
and low-level terraces. As described by Schulz ( 1 99 1 )  and Jarrett ( 1 986), multiple test borings 
have been conducted historically in these deposits to assess their economic potential . Sand and 
gravel deposits were encountered within 25 feet of the land surface with less than 5 feet of 
overburden. The sizes of these deposits, in conjunction with the relatively thin overburden, 
makes them well-suited for development as construction aggregate sources. Several areas in both 
counties have been tested or bonded for development of sand and gravel deposits and several 
gravel pits are present along the sides of Antelope Valley (Schulz 1 99 1 ; Jarrett 1 986) .  Two 
active sand and gravel pits are located in T1 1 8N R5 1 W  Section 1 5  and 1 6. The Applicant is not 
aware of any plans to develop other extractive mineral resources in the Project Area, but the 
potential to develop those resources does exist. 

9.1 . 1 .4 Seismic Risks 
Risk of seismic activity in the Project Area is considered low. Between 1 872 and 20 1 3 , 87 
earthquakes were recorded in South Dakota (SDDENR 201 3). None of these earthquakes 
occurred in Codington or Grant Counties and the closest recorded earthquake, with a Modified 
Mercalli Intensity of 3 .7 ,  occurred in northeastern Roberts County on October 20, 1 995 .  

9.1 .1 .5 Subsidence Potential 
The majority of the Project Area is underlain by the Pierre Shale, with the Niobrara Formation 
and the Carlisle Shale underlying the eastern portion of the Project Area. These formations are 
overlain by 400 to 700 feet of glacial till deposits. Limestone units and karst terrain are not 
present in the Project Area and thus, the potential for subsidence is negligible. The Applicant is 
not aware of any subsidence potential or slope instability problems within the Project Area. 

9.1 .2 Geological Resources Impacts/Mitigation 

The risks posed by the Project are generally limited by the characteristics of the geologic 
materials in the area. The unconsolidated geologic materials within the Project Area are 
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composed of glacial till consisting of ground moraine, end moraine, stagnation moraine, and 
undifferentiated moraine that are generally of low permeability, although sand and gravel glacial 
outwash deposits and aeolian dusts and sands are present in these materials .  The first occurrence 
of water-bearing sand and gravel deposits in the glacial till is generally greater than 1 00 feet, 
while the first occurrence of water-bearing units in the sand and gravel outwash deposits and 
alluvium is generally less than 50  feet (Jensen 2003) .  Some of the sand and gravel outwash 
deposits are tilted and are overlain by relatively impermeable clays that act as confining layers . 
Thus, at locations where the elevation is lower than the source or recharge area for these 
deposits, wells developed in these deposits will be artesian and, if the elevation difference is 
great enough, the well may be a flowing artesian well . The sand and gravel outwash and alluvial 
deposits have high permeability but can be limited in size and aerial extent. Turbine foundations, 
connecting lines, and access roads may encounter these alluvial and glacial outwash deposits at 
various locations within the Project Area, but the use of concrete turbine tower foundation 
materials and foundation depths, and connector line and access road excavation depths are not 
deep enough to significantly impact these resources. 

Information compiled by Schulz ( 1 99 1 )  and Jarrett ( 1 986) indicates that economically valuable 
mineral deposits, such as sand and gravel, occur in two locales in the Project Area. These locales 
are comprised of undifferentiated and collapsed glacial outwash deposits that generally occur in 
a northwest to southeast trending belt in northeastern Codington County and southwestern Grant 
County and valley train outwash deposits along Mud Creek (Schulz 1 99 1 ; Jarrett 1 986). 
Numerous test borings within the Project Area encountered average sand and gravel deposit 
thicknesses of 25  to 30 feet with generally less than 3 feet of overburden and indicated a "good" 
economic potential to develop these outwash deposits as construction aggregate sources (Schulz 
1 99 1 ;  Jarrett 1 986). These deposits correspond to the location of the undifferentiated and 
collapsed outwash deposits shown on Figure 9a (Flint 1 955) .  These deposits generally are 
described as tan to brown, fine- to medium- sand and clayey and silty, oxidized, fine- to 
medium- gravel . Permanent impacts to economic deposits may occur due to turbine towers, 
interconnection circuits, and access roads being located on top of these deposits that could 
potentially be mined at some future date, but the Applicants are not aware of any plans to 
develop these resources within the construction area. Even with economic mineral development 
at some future date, the Applicants anticipate that any permanent impacts to these deposits will 
be minimal . 

9.2 Soil Resources 

The following sections describe the existing soil resources within the Project Area and the 
potential effects of the proposed Project on the soil resources .  Figure 1 1  shows the Project Area 
soil resources. 
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9.2 .1  Existing Soil Resources 

The following sections describe the existing soil types, erosion potential and slopes, and prime 
farmland soils within the Project Area. 

9.2. 1 . 1  Soil Types 
The US Department of Agriculture Natural Resources Conservation Service (NRCS) office for 
each county defines the soil associations found within their respective county. Soil associations 
are defined as a group of individual soil series that occur in a repeatable pattern across the 
landscape and share a distinctive pattern of soils, relief, and drainage. A soil association 
generally includes two or three major soil series and a few minor soil series. 

Soil Survey Geographic (SSURGO) Geographic Information System (GIS) data are available 
from the NRCS and were analyzed using ESRI 's  ArcMap 1 0.5 software to determine the soil 
associations located within the Project Area and construction easement. One-hundred-two ( 1 02) 
soil associations were identified in the Project Area, while 69 soil associations were identified in 
the Project Construction Easement. 

9.2 . 1 .2 Erosion Potential and Slopes 
Attributes to identify erodible or highly erodible soils are not provided in the SSURGO data. 
However, if disturbed, the increased potential for erosion associated with surface runoff for soils 
increases as slope gradient rises over 2 percent (Soil Science Division Staff 20 1 7). Thirty-three 
soil associations (area totaling approximately 564.0 acres) within the Project Construction 
Easement have a slope of O to 2 percent, while the remaining 36  soil associations (area totaling 
approximately 1 ,570.4 acres) have a slope that ranges from 2 to 60 percent. 
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9.2.1 .3 Prime Farmland Soils 
The NRCS defines prime farmland as areas that have acceptable acidity or alkalinity, a 

dependable supply of moisture from irrigation or precipitation, favorable temperature, and 
an adequate growing season. Typically, soils in prime farmland are sufficiently well

drained and not excessively erodible during the growing season. Table 9.2. 1 .3 presents the 
percent of area by farmland classifications for the Project Area and Project Construction 

Easement. Table 9.2.1 .3 Farmland Classification within the Project Area and Project Construction 
Easement 

Pro · ect Area Pro·  ect Construction Easement 
Farmland 

All areas are prime farmland 
Farmland of statewide 
importance 
Prime farmland if drained 
Prime farmland if irrigated 
Not prime farmland 
Total 

Total Acreage Percent 

22,952.0 43.2% 
9,522.2 17.9% 

1,277.4 2.4% 
2,523.4 4.7% 
16,911. 1 31.8% 
53,186.2 100.0 

9.2.2 Soil Resources Impacts/Mitigation 

Total 
Acrea e 
1,183.7 
38 1 .0 

40.2 
1 3 7.3 
392.2 

2,134.4 

9.2.2.1 Potential for Impacts to Soil Resources 

Percent 
55.5% 
17.8% 

1.9% 
6.4% 
18.4% 

100.0 

Soil erosion is the greatest risk to the geologic environment. Where the land slope is relatively 
flat, the soil erosion potential is low. However, where steeper slopes (i .e . ,  greater than 6 percent) 
are present, the potential for soil erosion increases significantly. 

Thirty-three soil associations (area totaling approximately 564.0 acres) along the construction 
easement have a slope of 0 to 2 percent, while the remaining 36  soil associations (area totaling 
approximately 1 ,570.4 acres) have a slope that ranges from 2 to 60%. In addition to slope, soil 
properties that also influence erosion from water runoff include soil texture, percent organic 
matter, structure infiltration capacity, and soil permeability. Soils containing high proportions of 
silt and fine sand are most erodible, while well-drained and well-graded gravels and gravel sand 
mixtures with little or no silt are the least erodible materials .  Slope length and gradient; 
frequency, intensity, and duration of rainfall ;  and the amount of time bare soils are exposed all 
influence erosion caused by storm water runoff. In addition to natural processes, erosion could be 
caused by site clearing and earthmoving activities. 

9.2.2.2 Erosion, Slope Stability, and Sedimentation 
Project construction activities described in Section 6 and Table 8 . 1 will result in an estimated 
2, 1 34.4 acres of temporary impacts to soils, and in approximately 86.0 acres of permanent 
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impacts to soils. Impacts to soils could include compaction, potential loss of soil due to erosion, 
and the potential contamination of soils from construction equipment spills. 

9.2.3 Prime Farmland Impacts 

Table 9 .2 .3 provides the estimated temporary and permanent impacts to farmland classifications 
associated with construction and operation of the Project. 

Table 9.2.3. Estimated Temporary and Permanent Impacts to Farmland 

Temporary Permanent 
Farmland Classification Imeacts (acres}l Imeacts {acres)2 

All prime farmland 1 , 183.7 49.2 
Farmland of statewide 381.0 15.0 
Prime farmland if drained 40.2 1 .4 
Prime farmland if irrigated 137.3 5.4 
Not prime farmland 392.2 15.0 

Total 2 , 134.4 86.0 
1 Temporary impacts are calculated assuming 4. 50 acres of temporary impact around each wind turbine tower 
location, a 50-ji. wide collection line ROW, and up to a 200-:ft. wide temporary construction disturbance for 
access roads. 
2 Permanent impacts are calculated as a 0. 02-acre area around each wind turbine tower location, plus 16-foot 
wide permanent access roads. Because collection lines will be buried, there will be no permanent impacts from 
installation of those lines, except for approximately 35 junction boxes (12 feet by 8 feet) (total of 0. 07 acre). 

9.2.4 Mitigation 

The locations of turbine towers, collection lines, and access roads have been selected to 
minimize impacts to land forms, geology, and economic deposits . Available geologic data 
indicate that the Project will not significantly affect soil conditions or bedrock geology. Seismic 
activity is not anticipated to affect the performance of the wind turbines. The placement of tower 
foundations in the ground will have a minor impact to underlying geologic conditions. Except as 
described in this application, the Applicant is not aware of any additional constraints that may be 
imposed by geological characteristics on the design, construction, or operation of the facility. 
Additional geotechnical testing will be completed prior to construction to further evaluate site
specific geologic conditions at each tower location. 

Soil erosion is possible in areas of steep slopes (i.e . ,  greater than 3 :  1 [horizontal : vertical] or 
33%); however, only 3 .4% (53 .6 acres) of the Project Construction Easement has slopes that may 
range above 30  percent. To reduce adverse effects to and from soils, the project will develop and 
implement a SWPPP and use BMPs during construction to protect topsoil and minimize soil 
erosion. Soil areas disturbed during construction will be decompacted and returned to pre
construction contours to the extent practicable and in accordance with landowner agreements. 
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The goal is to have all surfaces drain naturally, blend in with the undisturbed natural terrain, and 

be left in a condition to facilitate re-vegetation, provide for proper drainage, and prevent erosion. 

Temporary areas, such as the construction laydown and concrete batch areas, will be restored in 

accordance with the landowner agreements and the SWPPP. 
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10.0 Effect on Hydrology (ARSD 20: 10:22 : 15) 

ARSD 20:10:22:15. Hydrology. The applicant shall provide information concerning the hydrology in the 
area of the proposed plant, wind energy, or transmission site and the effect of the proposed site on 
surface and groundwater. The ieformation shall include: 

(1) A map drawn to scale of the plant, wind energy, or transmission site showing surface water 
drainage patterns before and anticipated patterns after construction of the facility; 
(2) Using plans filed with any local, state, or federal agencies, indication on a map drawn to scale of 
the current planned water uses by communities, agriculture, recreation, fish, and wildlife which may 
be affected by the location of the proposed facility and a summary of those effects; 
(3) A map drawn to scale locating any known surface or groundwater supplies within the siting area 
to be used as a water source or a direct water discharge site for the proposed facility and all offsite 
pipelines or channels required for water transmission; 
(4) If aquifers are to be used as a source of potable water supply or process water, specifications of 
the aquifers to be used and definition of their characteristics, including the capacity of the aquifer to 
yield water, the estimated recharge rate, and the quality of groundwater; 
(5) A description of designs for storage, reprocessing, and cooling prior to discharge of heated water 
entering natural drainage systems; and 
(6) If deep well injection is to be used for effluent disposal, a description of the reservoir storage 
capacity, rate of injection, and confinement characteristics and potential negative effects on any 
aquifers and groundwater users which may be affected 

10.1 Groundwater Resources 

10. 1 .1  Existing Groundwater Resources 

The majority of groundwater resources in the Project Area in Codington and Grant Counties 
occur in deposits of sand and gravel or the Dakota Formation that are generally at depths greater 
than 1 00 feet below the land surface. However, the first occurrence of groundwater in alluvial, 
outwash, and sand and gravel deposits is generally less than 50 feet below ground surface 
(Jensen 2003) .  Notably, the Antelope Valley Aquifer, which is a glacial outwash channel 
deposit, is in a northwest/southeast-trending belt in northeastern Codington County and 
southwestern Grant County, while northeast/southwest-trending outwash deposits are present in 
the southwestern portion of the Project Area which are associated with the Big Sioux Aquifer 
(Hansen 1 994) .  Additionally, deposits of recent alluvium are present along drainages and may 
overlie some of the outwash deposits . As mapped by the NRCS (20 1 8) ,  shallow groundwater 
occurs in the soils within the Project Area at depths ranging from 0 inches at the soil surface to 
greater than 80 inches. The approximate depth to shallow groundwater in the soils within the 
Project Area exhibit the following distribution: 0 to 1 8  inches, 7 .7%; 6 - 1 8  inches, 9 .0%; 1 6  -
28 inches, 2 .6%; 1 8  - 30  inches, 1 4 . 1  %; 30 - 4 1  inches, 5 . 1  %; 43 - 55 inches, 3 . 8%; 49 - 6 1  
inches, 1 5 .4%; and greater than 8 0  inches, 42 .3%. The minimum average depth o f  shallow 
groundwater is 23 inches and the maximum average depth is 4 1  inches (NRCS 20 1 8). While 
these shallow groundwater resources may not provide adequate yields to wells for use as a 
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domestic or livestock water supply, they are important sources of recharge for the deeper 
underlying aquifers and to support agricultural plant growth. 

10.1 .2 Groundwater Resources Impacts/Mitigation 

Permanent impacts to groundwater are not expected but temporary impacts to groundwater may 
occur. Depending upon the exact locations of the turbines (which are typically up to 8 feet deep 
for spread foot style turbine foundation and up to 32 feet deep for P&H style turbine foundation), 
there is potential that foundations will intersect the perched groundwater in the soil profile and 
shallow groundwater in the outwash deposits and alluvium but is not likely to impact the deeper 
groundwater resources. Review of the Project array and aquifer materials deposits reveals that 
one turbine is located on alluvium, one turbine is located where sand and gravel deposits are at a 
depth of 50 to 1 00 feet, 1 6  turbines are located on outwash deposits with first occurrence depths 
of 0 to 50 feet, and the remainder of the turbines are located on areas where the first occurrence 
of sand and gravel deposits is greater than 1 00 feet below ground surface. Construction and 
placement of collector l ines and access roads typically are shallow ( 4 feet) and are unlikely to 
encounter the perched groundwater in the soil profile. To facilitate construction of this 
infrastructure, shallow groundwater dewatering may be required, which will represent a 
temporary impact to groundwater. If construction dewatering is anticipated, a Temporary Water 
Right will be obtained from the SDDENR and the Applicant will ensure that required discharge 
monitoring is conducted, appropriate BMPs are utilized, and the SWPPP will be amended 
accordingly. Appropriate BMPs will be implemented, as needed. The potential drawdown effects 
of any dewatering activity will be local and temporary. Permanent impacts to groundwater from 
construction dewatering activities and/or structure placement in the shallow groundwater flow 
regime is not expected. 

Additional sources of groundwater may be used during construction for dust control if required 
by County Road Use Agreements. The Applicant expects to obtain the water from existing waste 
water treatment plants after treatment or reclamation and provide a beneficial re-use of water if 
available. If treated water for dust control is not available, the Applicant will evaluate other 
options to minimize water use including trucking in water from local municipalities and working 
with landowners to use existing pond water resources .  The Applicant will obtain any necessary 
permits if any surface or groundwater supplies have the potential to be affected. 

Risk for groundwater contamination caused by release of contaminants during construction is 
low. The overall low permeability of the unconsolidated geologic and soil materials will inhibit 
contaminant flow, although isolated high permeability granular lenses of limited size may be 
present that could result in a more rapid contaminant distribution. As part of the SWPPP, a spill 
prevention and response plan to address potential releases to groundwater or surface water will 
be developed and implemented. 

4 1  

Exhibit A1

 
006995

ADMINISTRATIVE RECORD - Scan 4 - Page 52 of 139

- Page 2169 -



Water sources during operations for the O&M building are expected to come from existing rural 
water sources. In the event existing rural water sources are not available or sufficient to supply 
the O&M building for drinking and sanitary use, the Applicant will explore drilling a well for 
potable water and will seek all appropriate permits if needed. 

The Project will not require water storage, reprocessing, cooling, or deep well injection. 
Permanent effects to aquifers and potable water supplies are not expected. 

10.2 Surface Water Resources 

10.2.1 Existing Surface Water Resources 

The Proj ect is in one hydrologic region (the Missouri), covers five major watersheds within 
Hydrologic Unit Code (HUC) 1 0  (e.g . ,  South Fork Whetstone River, North Fork Yellow Bank 
River, South Fork Yellow Bank River, Big Sioux Basin, and Willow Creek), and encompasses 
1 2  sub-watersheds (HUC 1 2), as defined by the USGS (Seaber et al 1 987). Figure 1 2  shows the 
hydrologic resources discussed in this section. The Project Area encompasses the three 
physiographic regions discussed in Section 9 . 1 . 1 . 1 ,  with the northeastern approximately 28.2 
square miles (mi2) in the Prairie Coteau Escarpment, the central approximately 25 .9 mi2 in the 
Prairie Coteau, and the southwestern approximately 28 .6 mi2 in the Big Sioux Basin. 

10.2. 1 . 1  Hydrology 

The Project lies within 1 2  subwatersheds of the five major watershed units listed above in 

Section 1 0 .2 . 1 .  The USGS-named streams within the Project Construction Easement are listed in 

Table 1 0 .2 . 1 . 1 .  Three named streams and multiple unnamed tributaries to these streams are 

located within the Project Area; however, only two named streams intersect the Project 

Construction Easement (Table 1 0 .2 . 1 . 1  ) .  

Table 10.2.1 . 1  USGS-Named Streams/Rivers and Floodplains within the Project Construction 
Easement 

Surface Water Name 

North Fork Yellow Bank River 
Mud Creek 
Total 

Number of 
Crossings 

1 

3 

4 

Floodplain Present at River 
Crossing1 

No 
Yes 

Includes review of available digital floodplain data for Codington County and Grant County. 

Sources: National Hydrography Data (NHD) (USGS 2014a) and Federal Emergency Management Agency 

(FEMA) data (FEMA 2016). 
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According to National Wetland Inventory (NWI) data, most wetlands within the Project Area 
and Project Construction Easement are freshwater emergent, as shown below in Table 1 0 .2 . 1 .2 
(USFWS 20 1 7b) . 

Table 10.2 .1 .2 NWI-Mapped Wetlands Identified within Project Area and Project Construction 
Easement 

NWI Wetland 
Type 

Lake 
Freshwater 
Emergent Wetland 
Freshwater 
Forested/Shrub 
Wetland 
Freshwater Pond 
Riverine 
Total 

Project Area 
NWI-mapped Percent of Area 
Wetland Area Containing 

(Acres) Wetlands 
0.0 0.0 

2,291.7 4 .3 

5 1 .8 0. 1 

324.4 0.6 
170.0 0 .3 
2 838 5.3 

Project Construction Easement 
NWI-mapped Percent of Area 
Wetland Area Containing 

(Acres) Wetlands 
0.0 0.0 

14.3 0.7 

0.003 0.0 

0.6 0 .0 
2.0 0.1 
16.9 0.8 

The USFWS manages wetland and grassland easements within the Proj ect Area, which includes 
approximately 8,90 1 .6 acres of USFWS wetland, grassland, or combined wetland/grassland 
easements. Only the designated protected basins within grassland/wetland easements are 
protected by the easement (discussed in in Section 1 3 .2 . 1 ) .  Uplands surrounding protected basins 
within USFWS wetland easements are not protected, and commonly are in agricultural use. 
Seven turbines are sited on parcels containing USFWS wetland easements. No turbines or other 
infrastructure are sited within protected basins on USFWS wetland easements . No turbines or 
other infrastructure are sited on USFWS grassland or grassland/wetland combination easements . 
Additionally, the SDGFP Department manages approximately 1 ,343 acres of public and private 
lands within the Project Area as waterfowl production areas, game production areas, and Walk-in 
Areas (WIA) (Section 1 3  .2 . 1 ). Three turbines are placed on these conservations or public-leased 
areas . 

10.2.1 .2 National Park Service Nationwide Rivers Inventory 

There are no stream or river segments within the Project Area that are listed in the National Park 
Service Nationwide Rivers Inventory. 

10.2 .1 .3 Impaired Waters 
There are no TMDL or impaired waters that are included in the Section 303(d) list of impaired 
waters (SDDENR 20 1 8). 
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10.2.1 .4 Floodplains 
Electronic FEMA floodplain data is available for Codington County and Grant County. Review 
of these data indicates that one water body within the Project Construction Easement contains 
1 00-year-floodplains (shown as FEMA Flood Zone A on Figure 1 2) .  The Project construction 
activities have been planned to not cross mapped streams or floodplains . If design changes 
require placement of structures within the 1 00-year floodplain of any waterbody within the 
Project Construction Easement, the Applicant will obtain a floodplain development permit from 
the appropriate regulatory agency, as required by Section 3 . 1 1 .04 of the Codington County 
Zoning Ordinance and Section 1 1 06 of the Grant County Compiled Zoning Ordinance. As shown 
on Figure 1 2, an unnamed tributary to Mud Creek crosses the Project Area and is also FEMA 
Flood Zone A. The Project Construction Easement crosses nine unnamed tributaries within the 
same Zone A. Four small flood zones are crossed by the collector line easement. Other unnamed 
streams and water bodies do not have designated 1 00-year-floodplains within the Project Area. 

10.2.2 Surface Water Resources Impacts/Mitigation 

The Applicant has minimized or avoided direct permanent impacts to rivers, streams, and 
floodplains to the extent feasible, although temporary impacts may occur from construction 
activities. Potential impacts to rivers, streams, and floodplains are expected to be avoided or 
minimized by locating wind turbines outside of these areas and routing access roads and 
collector lines around these resources. To the extent practicable, impacts to water bodies, 
wetlands, and aquatic resources will be avoided or minimized through the siting process and 
through the use of stormwater BMPs during construction. 

Impacts to wetlands and waterbodies that may result because of access road construction are 
minor and will be authorized under United States Army Corps of Engineers (USACE) 
Nationwide Permit (NWP) 1 2  for utility lines and associated facilities in waters of the U.S .  (see 
Section 1 1 ) .  These authorized, permanent impacts may remain beyond the Project' s operational 
lifetime. Disturbed surfaces will be restored as nearly as possible to their preconstruction 
conditions during Project decommissioning. 

As described above, collector lines will be sited to avoid intersecting wetland or other 
waterbodies to the extent practical . Where collector lines must intersect these resources, the 
Applicant will bore under these features to the extent practical to minimize impacts ( see Section 
1 1 ) .  

Where activity must occur in a wetland area, the Applicant will utilize standard construction 
BMPs to minimize impacts and will make every effort to keep permanent impacts below USACE 
NWP thresholds. Standard construction BMPs include the following: 

• On construction plans, clearly mark the limits of construction. 
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• In the field, fence-off water resources in close proximity to construction activities with 
high visibility fencing to prevent unintended impacts. 

• Keep construction staging and stockpiling of materials out of wetlands and their buffers . 
• Restrict site access of machinery to as few areas as possible to reduce soil compaction. 
• Use removable crane mats to cross streams and wetlands instead of building construction 

pads. 
• If movable equipment must be in the wetland or buffer, do not leave it there over night or 

on weekends. 
• Do not store fuel or refuel movable equipment in a wetland or its buffer. When refueling 

equipment that is not readily movable (i .e . ,  cranes), follow best management practice for 
temporary spill prevention, control, and containment. 

• Do not mix, test, store, or dispose of concrete within a wetland or its buffer. 

The Project Area contains USFWS wetland and wetland/grassland combination easements. The 
Project has been designed to avoid protected basins such that no surface impacts to protected 
basins are expected. 

Locations of the larger areas of potential temporary or permanent impacts such as the laydown 
area, the substation, and the O&M facility have been selected to avoid and minimize impacts to 
wetlands. Wetland delineation surveys are ongoing, and results of these surveys will be utilized 
to refine and select precise locations of Project facilities .  Further, the storm water BMPs that will 
be implemented as part of the SWPPP will provide additional protections to wetlands located in 
the Project Area. Based on the foregoing approaches, the Applicant anticipates that temporary 
and/or permanent impacts to wetlands during construction will  be avoided or minimized. 

To limit impacts to hydrologic resources caused by soil erosion, groundwater contamination or 
storm water runoff, the Applicant will obtain a South Dakota General Permit for Storm Water 
Discharges Associated with Construction Activity (SDRl 00000), develop and implement a 
SWPPP, and use BMPs to reduce impacts during construction. As required by SDRl 00000 and 
the SWPPP, any vehicle fueling within the Project Area will employ appropriate BMPs and will 
occur at an appropriate distance from waterways determined by site-specific conditions, such as 
ground cover, slope, and soil type. 

10.2.2 .1  Impacts to Impaired Waters and Mitigation 
Review of the 20 1 8  Integrated Report (SDDENR 20 1 8) indicates that there are no impaired 
waters within the Project Area and thus, no impacts to impaired water will occur. 

10.2.2.2 Impacts to Flood Storage Areas and Mitigation 
Flood storage areas are not present within the Project Area and thus, no impacts to those types of 
facilities are anticipated. 
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10.3 Current and Planned Water Uses 

10.3.1 Current and Planned Water Uses within Project Area 

Existing water sources for residential and agricultural uses are provided by rural water systems 

and wells .  Three named streams and multiple unnamed tributaries provide surface water 

opportunities for recreational purposes in the Project Area. For groundwater resources, current 

and planned uses are for commercial, irrigation, and domestic water supplies . 

10.3.2 Effect on Current or Planned Water Use 

The Applicant expects to re-use treated water from waste water treatment plants for dust control 

during construction. Re-use of previously treated water will minimize the use of new potable 

surface or groundwater supplies being utilized. If water re-use is not available, the Applicant 

will pursue locally available sources of pond water with participating landowners and will pursue 

any permits necessary to do so. Water use during operations is expected to come from existing 

rural water supplies for the O&M building. In the event rural water supplies are not available, the 

Applicant will install a groundwater well. Impacts to current or planned water uses are expected 

to be minimal given the avoidance and minimization measures described above. 
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1 1 .0 Effect on Terrestrial Ecosystems (ARSD 20: 10 :22 : 16) 

ARSD 20:10:22:16. Effect on terrestrial ecosystems. The applicant shall provide information on the 
effect of the proposed facility on the terrestrial ecosystems, including existing information resulting.from 
biological surveys conducted to identify and quantify the terrestrial fauna and flora potentially affected 
within the transmission site, wind energy site, or siting area; an analysis of the impact of construction 
and operation of the proposed facility on the terrestrial biotic environment, including breeding times and 
places and pathways of migration; important species; and planned measures to ameliorate negative 
biological impacts as a result of construction and operation of the proposed facility. 

The following sections describe the existing terrestrial ecosystems in the Project Area, potential 
effects to these resources from the Project, and mitigation measures intended to offset potential 
effects .  Terrestrial ecosystem data were collected from available data sources, state and federal 
agency coordination, and field surveys. 

1 1 . 1  Vegetation (Flora) 

The following sections describe the vegetation within the Project Area and the potential effects 
of the proposed Project on this resource. Planned avoidance, minimization, and mitigation 
measures for those effects are also described. 

1 1 . 1 . 1  Existing Vegetation 

To develop a characterization of the existing environment, a desktop analysis was performed for 
the Project Area. The desktop analysis consisted of a review of publicly available resources with 
pertinent environmental data, including the USGS National Land Cover Database (NLCD), US 
Department of Agriculture (USDA) National Agriculture Statistics Service data, high resolution 
aerial imagery, and data available from South Dakota State University' s  Public Research Access 
Institutional Repository and Information Exchange. These data were combined in GIS and 
manually reviewed by biologists experienced with aerial photography interpretation and the 
ecological communities of eastern South Dakota. 

The Project lies within three ecoregions, namely the Prairie Coteau Escarpment, the central 
Prairie Coteau, and the Big Sioux Basin (Bryce et al 1 996) (Section 9). The predominant cover 
type within the Project Area is grass/pasture (46.66 percent) followed by agricultural (3 5 . 82 
percent; Table 1 1 . 1 . 1 ;  Figure 1 3) .  The predominant land cover type in the Project Construction 
Easement is agricultural (70.46 percent) followed by grass/pasture (26 . 1 3  percent; Table 1 1 . 1 . 1 ;  
Figure 1 3 ) .  Cropland provides minimal habitat for most terrestrial species, though it may provide 
a food source and cover for some. 
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Table 1 1 .1 .1 Land Cover within the Project Area and Project Construction Easement 

Project Area Project Construction 
Easement 

Land Cover Type1 Area (acres) % Total Area (acres) % Total 
Grass/Pasture 24,816.30 46 .66 579.93 26. 1 3  
Agricultural 19,049.25 35.82 1,564.41 70.46 
Other Hay/Non- 5 ,885.28 11.07 23.22 1.05 
alfalfa 
Developed 1,893.40 3.56 42.44 1.91 
Herbaceous Wetlands 853.40 1.60 1.94 0.09 
Deciduous Forest 397.15 0.75 6.92 0.31 
Open Water 273.95 0.52 0.41 0.02 
F allow/Idle Cropland 1.9 1 0.00 1.11 0.05 
Woody Wetlands 15.53 0.03 0.00 0.00 
Barren 0.02 0.00 
Total 53,186.20 100.00 2,220.4 100.00 

I Source. USDA, Nattonal Agriculture Statistics Service 201 7 

The USFWS South Dakota Ecological Services Field Office publishes a list of threatened and 
endangered species with potential to occur within counties in South Dakota (USFWS 20 1 7a) .  
The SDGFP also maintains a list of threatened, endangered, and candidate species (SDCL 
Chapter 34A-8 and 34A-8A) and provides information on recorded observations within a given 
county (SDGPF 20 16). Previous coordination with the USFWS and SDGPF also was reviewed 
for information on federally or state-listed species (Appendix C). According to these sources, 
there are no records of federally or state-listed plant spe<;ies in Codington or Grant Counties. 

1 1.1 . 1 . 1  Native Grassland 
The National Land Cover Dataset class "herbaceous" includes land currently not used for 
hay/pasture or cropland, but that may or may not have been disturbed in the past. These areas 
likely provide suitable habitat for grassland and some prairie species. However, Bauman et al 
(20 1 6) conducted a GIS exercise to quantify undisturbed lands in eastern South Dakota that are 
most likely to support native, undisturbed prairie that, in tum, are more likely to support prairie 
obligate and sensitive species. This exercise is described below. 

Bauman et al (20 1 6) utilized South Dakota Farm Service Agency' s  20 1 3  Common Land Unit 
data layers, and the 20 1 2  USDA National Agriculture Imagery Program county mosaic aerial 
imagery, to evaluate approximately 22.6 million acres of land in the 44 counties that comprise 
eastern South Dakota. Land currently under crop production, or that has in the past been used for 
crop production, was removed from consideration for the exercise. This was followed by manual 
removal of other disturbed areas . The remaining land tracts were then categorized as potentially 
"undisturbed grassland" or "undisturbed woodland." Water bodies larger than 40 acres as 
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defined by the SDGFP ' s  Statewide Water Bodies layer were then removed to allow a more 
accurate interpretation of the remaining undisturbed grassland/wetland complex. The resulting 
dataset provides an indication of the location of likely undisturbed grasslands that may support 
native prairies and provide habitat for prairie species (Bauman et al 20 1 6) .  These areas may 
overlap with the cover types "herbaceous" and/or "hay/pasture" in Table 1 1 . 1 . 1 .  

According to Bauman et al (20 1 6), there are 505 discrete tracts of land that may support native 
prairie within the Project Area. These tracts range in size from less than 0 . 1 to 63 1 .0 acres, with 
an average size of 3 5 .4 acres. The total acreage of land that may contain native prairie habitat 
within the Project Area according to Bauman et al is approximately 1 7,889.4 acres. 

1 1.1 .1 .2 Noxious Weeds 
Noxious weeds are regulated by State and Federal rules and regulations (SDCL 3 8-22 and U.S.  
CFR 2006) that are designed to stop the spread of plants which may be detrimental to the 
environment, agricultural practices, and/or the public. The South Dakota Department of 
Agriculture (SD DOA) lists 1 5  species of noxious weed that have potential to occur in Codington 
and/or Grant Counties (SDDOA 20 1 6a and 20 1 6b) (Table 1 1 . 1 . 1 .2) . Noxious weed surveys have 
not been completed for the Project Area. However, some species (e.g . ,  bull thistle, Canada 
thistle) have been observed in the Project Area during other surveys. 

Table 11 .1 .1 .2 Noxious Weeds with Potential to Occur in the Project Area 

Common Name 

Absinth wonnwood 

B ull thistle 

Canada thistle 

Field bindweed 

Hoary cress 
Leafy spurge 

Musk thistle 

Perennial sow thistle 

Plumeless thistle 

Poison hemlock 

Purple loosetrife 
Russian knapweed 

Scientific Name 

Artemisia absinthium 

Cirsium vulgare 

Cirsium arvense 

Convulvulus arvensis 

Cardaria draba 

Euphorbia esula 

Carduus nutans 

Sonchus arvensis 

Carduus acanthoides 

Conium maculatum 

Lythrum salicaria 

Centaurea repens 
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Status 
Local noxious weed -
Codington and Grant 
Counties 
Local noxious weed -
Codington County 
State noxious weed 
Local noxious weed - Grant 
Coun 
State noxious weed 
State noxious weed 
Local noxious weed -
Codington and Grant 
Counties 
State noxious weed 
Local noxious weed -
Codington and Grant 
Counties 
Local noxious weed -
Codington County 
State noxious weed 
State noxious weed 
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Salt cedar 

Spotted knapweed 

Yellow toadflax 

Tamarix aphylla, T. chinensis, T. gal/ica, T. 
parv{fiora, and T. ramosissima 

Centaurea maculosa 

Linaria vulgaris 

1 1 .1 .2 Vegetation Impacts/Mitigation 

State noxious weed 

Local noxious weed - Grant 
Coun 
Local noxious weed -
Codington C ounty 

No impacts to federally or state-listed plants are expected to occur. No federally or state-listed 
plant species are known to occur in the Project Area. 

The Applicant will compensate landowners for crop damage that occurs on cultivated lands. 
Impacts to agricultural land are discussed in detail in Section 1 3 .  Impacts to cultivated lands are 
not considered biologically significant, as these lands currently are frequently disturbed by 
tilling, planting, and harvesting activities. 

Unmitigated loss of vegetation, or introduction of noxious weeds could result in an impact to 
vegetation resources. Construction of the Project will result in permanent impacts to 
approximately 86.0 acres and in temporary impacts to approximately 2, 1 34.4 acres (Table 
1 1 . 1 .2 .) .  

Table 11 .1.2 Temporary and permanent impacts as a result of the Project 

Land Cover Type 1 Temporary Impacts Permanent Impacts 
(acres) (acres) 

Agricultural 1,504.01 60.40 

Grass/Pasture 558.45 2 1 .48 

Developed 40.07 2 .37 

Other Hay/Non Alfalfa 21.86 1 .36 

Deciduous Forest 6.53 0 .39 

Herbaceous Wetlands 1.90 0 .04 

F allow/Idle Cropland 1.11 0 

Open Water 0.41 0 

Barren 0.02 0 

Total 2,134.4 86.0 
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Permanent impacts will occur from construction of specific Project features including the wind 
turbine foundations and access roads (see Section 6 and Table 8 . 1 ) .  These impacts will result in a 
loss of production of crops and pasture grasses. Other indirect impacts could include the spread 
of noxious weed species resulting from construction equipment introducing seeds into new areas, 
or erosion or sedimentation due to ground-clearing in construction areas . 

Temporary impacts will be mitigated through use of BMPs as described in the Project SWPPP. 
Such BMPs include re-vegetation practices and installation of erosion control devices. For 
example, in temporarily impacted areas that were previously natural (i .e . ,  non-cropland), the 
Applicant will use native vegetation (weed-free) seed mixes to revegetate disturbed areas to pre
construction conditions where feasible and pending landowner preferences. Where temporary 
impacts occur, the land will be returned to pre-construction conditions . 

The Project will not involve any major tree-clearing. Where feasible, access roads have been 
sited to avoid crossing tree rows. The collector substation also was sited to avoid impacts to tree 
rows. Some minor clearing of brush or trees may be required during construction. In discrete and 
limited areas where minor tree-clearing will occur, the Applicant will first conduct nest clearance 
surveys and will implement seasonal clearing restrictions as described in Section 1 1 . 3 .2 .5 .  

1 1 .2 Wetlands and Waterbodies 

The following sections describe the wetlands and waterbodies within the Project Area and the 
potential effects of the proposed Project on them. Planned avoidance, minimization, and 
mitigation measures for those effects are also described. 

1 1 .2 .1 Existing Wetlands and Waterbodies 

The USACE 1 987 defines wetlands as "those areas that are inundated or saturated by surface or 
groundwater at a frequency and duration to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions." The 
manual further stipulates three criteria that a feature will exhibit if it qualifies as a wetland: 
dominance of hydrophytic vegetation, hydric soil, and wetland hydrology. Waterbodies are 
defined as those features that hold or convey water, but do not qualify as wetlands. 

Publicly available data sources were used to complete a desktop analysis to assess the likelihood 
of wetlands and other waters of the U.S .  occurring within the Project Area: 

• Aerial imagery (various years, including publicly available colored-infrared imagery) 
• USFWS NWI (USFWS 20 1 7b) mapping 
• USGS (USGS) National Hydrography Dataset (NHD) (USGS 20 1 4a) 
• NLCD (USGS 20 1 4b) 

The NWI indicates that there are 2,87 1 potential features within the Project Area. The NHD 
indicates that there are 425 line segments representing potential reaches of waterbodies within 
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the Project Area. Finally, the USFWS indicates 308 protected basins are present within the 
Project Area (Figure 1 2) .  

Table 11 .2 .1  NWI Wetlands and Waterbodies Mapped Within the Project Area 

Wetland Type 

Freshwater Emergent Wetland 

Freshwater Pond 

Riverine 

Freshwater Forested/Shrub Wetland 

Total 

Number of Features within 
Pro_ject Area 
2,220 

294 

302 

55  

2,871 

Acres in Project Area 

2,29 1 .73 

324.42 

1 70.0 1 

5 1 .84 

2,838.00 

Wetland surveys and determinations were completed during 20 1 7  and 20 1 8  to more accurately 
characterize wetlands and waters of the U.S .  within the footprint comprising project facilities 
(turbines, access roads, collector lines, potential substation locations, etc.). To-date, wetland 
determinations to ground-truth the desktop data have been conducted within more than 463 acres 
of the Project Area. These surveys are ongoing. During these surveys, other waterbodies (e.g . ,  
streams) also are recorded. Results of these surveys have informed, and will continue to inform, 
project siting. Wetland delineations were completed in select areas in fall 20 1 8 . Results of these 
surveys are described in detail in the Project Aquatic Resources Summary Report that will be 
submitted to the Commission once complete . 

1 1.2.2 Wetland and Waterbody Impacts/Mitigation 

Project facilities have been sited to avoid both temporary and permanent impacts to wetlands and 
waterbodies to the extent practical. Through avoidance measures, the Applicant has limited 
impacts to wetlands and waterbodies to minimal areas associated with access roads. Impacts to 
wetlands and waterbodies that may result because of access road construction are minor and will 
be authorized under USACE Nationwide Permit (NWP) 1 2  for utility lines and associated 
facilities in waters of the U.S. These authorized, permanent impacts to wetland areas may remain 
beyond the Project' s operational lifetime. Disturbed surfaces will be restored as nearly as 
possible to their preconstruction conditions during Project decommissioning. 

Collector lines will be sited to avoid intersecting wetland or other waterbodies to the extent 
practical . Where collector lines must intersect wetlands or other waterbodies, the Applicant will 
bore under these features to the extent practical to minimize impacts to these resources. 
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11 .3 Wildlife (Fauna) 

The following sections describe potentially present and/or observed wildlife species within the 
Project Area and the potential effects of the proposed Project on these species. Planned 
avoidance, minimization, and mitigation measures for those effects are also described. 

11 .3 .1  Existing Wildlife 

Several wildlife surveys have been completed in the Project Area. Those surveys, and their 
results, are summarized in Section 1 1 .3 . 1 .4. Most of the observed wildlife species occurring in 
the Project Area are considered common and widespread species in the region, and many are 
adapted to developed areas and human disturbance. 

Mammal inventories have not been completed for the project. Species observed in the Project 
Area include Richardson' s ground squirrel (Urocitellus richardsonii), mink (Mustela vison), 
common raccoon (Procyon lotor), white-tailed deer (Odocoileus virginianus), least weasel (M 
nivalis), and coyote (Canis latrans) . These species are common in suitable habitats throughout 
the region. Six bat species have potential to occur in the Project Area: eastern red bats (Lasiurus 
borealis), silver-haired bats (Lasionycteris noctivagans), hoary bats (Lasiurus cinereus), northern 
long-eared bats (Myotis septentrionalis), little brown bats (Myotis lucifugus), and big-brown bats 
(Eptesicus fuscus) . These bat species, and their potential to occur in the Project Area, are 
discussed in detail in Appendices G and F. No federally or state-listed mammal species have 
been observed during biological surveys in the Project Area. 

The Project Area is located in the Central Flyway migration corridor. Section 1 1 .3 . 1 .4 provides a 
more detailed summary of birds, including waterfowl and raptors, observed in the Project Area. 

Reptile and amphibian inventories have not been completed for the Project. Common species 
occurring in Grant and Codington Counties will be expected to inhabit suitable habitats in the 
Project Area. 

1 1 .3.1 .1  Initial Site Assessment 
The USFWS developed the Land-Based WEG (USFWS 20 1 2) and the Eagle Conservation Plan 
Guidance (ECPG; USFWS 20 1 3) to provide wind developers with voluntary guidelines intended 
to reduce potential impacts of wind energy projects on wildlife. The WEG and ECPG provide a 
structured approach for assessing potential risk to wildlife and promote coordination between 
project proponents and federal and state wildlife and natural resources agencies. The SDGFP and 
South Dakota Bat Working Group also have developed siting guidelines for wind energy projects 
(SD Siting Guidelines; SDGFP and South Dakota Bat Working Group, Undated). These 
guidelines generally are consistent with the WEG and provide guidance for non-wildlife 
resources (e.g . ,  land use and noise) . 
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In accordance with Tiers 1 and 2 of the WEG, and Stage 1 of the ECPG a desktop review of 

readily available information was conducted to determine the Project' s potential to effect species 

of concern and/or their habitats. Data sources included and was not limited to the USFWS' s  

Information for  Planning and Conservation tool, the South Dakota Natural Heritage Database, 

USGS's  Breeding Bird Survey, and aerial imagery. The Applicant also queried the USFWS and 

SDGFP for information on sensitive resources within the Project vicinity. Results of this initial 

site assessment informed Tier 3 studies, discussed below in Section 1 1 .3 .  l .4. 

Coordination with the USFWS and SDGFP regarding earlier configurations of the Project Area 

began in 2005 (Appendix B). The Applicant has been coordinating with the USFWS and SDGFP 

since 20 1 7  on the specific Project Area described herein and continues to coordinate with these 

agencies to-date (Appendix B). 

1 1 .3. 1 .2 Federally Listed Terrestrial Species 
The sources described above were reviewed for records pertaining to federally listed wildlife 

species known or expected to occur in Codington and/or Grant County. The results of this review 

for terrestrial species are provided in Table 1 1 .3 . 1 .2 .  

Table 1 1 .3.1 .2 Federally Listed Terrestrial Species with Potential to  Occur in  Codington and Grant 
Counties 

Common Name Scientific Name County Occurrence Status l Global State 
Rank2 Rank2 

Insects 

Dakota skipper Hesperia dacotae Codington, Grant FT G2G3 S2 

Poweshiek skipperling Oarisma poweshiek Codington, Grant FE G2 S2 

Mammals 

northern long-eared bat Myotis septentrionalis Codington, Gran t FT G4 S3 

Birds 

bald eagle 
Haliaeetus Codington, Grant BGEP 

G4 SI B, S2N 
leucocephalus A 

golden eagle Aquila chrysaetos 
Codington, Grant BGEP 

GS 
S3S4B, 

A S3N 

piping plover Charadrius melodus Codington, Grant FT G3 S2B, SZN 

red knot Calidris canutus rufa Codington, Grant FT G4T2 SNRN 

whooping crane Gus americana Codington, Grant FE GI SZN 
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1 FT -federally threatened; FE -federally endangered; BGEP A - protected by Bald and Golden Eagle Protection 
Act. 
2 Global/State Rank Definition (applied range wide for global rank and statewide for state rank) 
G 1 S 1 - Critically imperiled because of extreme rarity (5 or fewer occurrences or very few remaining individuals or 
acres) or because of some factor(s) making it especially vulnerable to extinction. 
G2 S2 - Imperiled because of rarity (6 to 20 occurrences or few remaining individuals or acres) or because of some 
factor(s) making it very vulnerable to extinction throughout its range. 
G3 S3 - Either very rare and local throughout its range, or found locally (even abundantly at some of its locations) 
in a restricted range, or vulnerable to extinction throughout its range because of other factors; in the range of 21  of 
1 00 occurrences. 
G4 S4 - Apparently secure, though it may be quite rare in parts of its range, especially at the periphery. Cause for 
long term concern. 
G5 S5 - Demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery. 
SZ - No d�finable occurrences for conservation purposes, usually assigned to migrants. 
SR - Element reported for the state but no persuasive documentation. 
Bird species may have two state ranks, one for breeding (S#B) and one for nonbreeding seasons (S#N). Example: 
bald eagle (SJ B, S2N) indicates an SJ rank in breeding season and S2 in nonbreeding season. 

11 .3.1.2.1 Prairie Butterflies - Dakota Skipper (Federally 
Threatened) and Poweshiek Skipperling (Federally Endangered) 

The Dakota skipper (Hesperia dacotae) is an obligate of undisturbed, native prairies, and 
generally inhabits wet lowlands dominated by bluestem grasses, or dry uplands that are a mix of 
bluestem and needle stem grasses (Vaughn 2005). Larvae have been observed feeding on several 
grasses, although little bluestem (Schizachyrium scoparium) is the preferred food source;  the 
preferred nectar source for adults is purple coneflower (Echinacea angustifolia; Vaughn 2005), 
in addition to other prairie flowering species. As of 2002, Dakota skippers had been recorded at 
53  sites in 1 0  counties in South Dakota, including two sites in Codington County (USFWS 
2002) .  Of the Dakota Skipper sites recorded in Codington County, none are within the Project 
Area. The closest occurrence is approximately 1 5  miles west of the Project Area. There is  no 
designated critical habitat for the Dakota skipper within the Project Area. The nearest critical 
habitat is in Grant County, adjacent to the western boundary of the northeastern portion of the 
Project Area. Dakota skippers have not been recorded in the Project Area (USFWS 20 1 7a) .  

The Poweshiek skipperling ( Oarisma poweshiek) lives in high quality tallgrass prairie in both 
upland, dry areas and low moist areas (USFWS 20 1 4) .  Nectar species for the Powesheik 
skipperling include purple coneflower, black-eyed Susan (Rudbeckia hirta), palespike lobelia 
(Lobelia spicata), and other flowering prairie species. There is no definitive research available 
regarding which plant species are necessary for larvae to develop, but they appear to select fine
stemmed grasses and sedges, such as slender spike rush (Eleocharis elliptica), prairie dropseed 
(Sporobolis heterlepis), and little bluestem (USFWS 20 1 4; Shepherd 2005). Skadsen (20 1 5) 
suggests the Poweshiek skipperling may be extirpated from South Dakota. 

Dakota skipper habitat assessments were completed for earlier iterations of the Project Area in 
June 2008, June and July 2009, 20 1 5 , and in 20 1 6. Habitat assessments for the current Proj ect 
Area were completed in 20 1 7  and 20 1 8  (Appendix C). Adult presence/absence surveys were 
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completed within the Project Area during the 20 1 8  adult flight season (Section 1 1 .3 . 1 .4. 1 ;  
Appendix C). The presence/absence surveys were completed in accordance with the 20 1 8  
Dakota Skipper Survey Protocol (USFWS 20 1 8). No Dakota skippers or Poweshiek skipperlings 
were observed. 

1 1.3. 1 .2.2 Northern Long-eared Bat (Federally Threatened) 
Summer habitat for the northern long-eared bat (Myotis septentrionalis) consists of forested areas 
with trees greater than 3 inches in diameter at breast height (USFWS 201 7c). Northern long
eared bats roost in live trees and/or snags that have exfoliating bark, cracks, crevices, and/or 
cavities (USFWS 20 1 7c) . The species typically forages in forest interiors . These wooded areas 
may be dense or loose aggregates of trees with variable amounts of canopy closure (USFWS 
20 1 7c) . Northern long-eared bats also may roost in human-made structures such as buildings, 
barns, bridges, and bat houses (USFWS 201 7c) . The species hibernates in caves, mines, or other 
cave-like structures during the winter. The USFWS lists the northern long-eared bat as possibly 
present in Codington and Grant Counties, indicating that the Counties are within the range of the 
species and may contain suitable habitat. However, there are no records of the species being 
present in these counties (USFWS 20 1 7a) . The nearest county records published by USFWS 
indicating known presence of the northern long-eared bat are in Brookings County to the south 
of the Project and in Roberts County to the north (USFWS 20 1 7a) .  

The USFWS cites White Nose Syndrome, a fungal pathogen specific to bats, as the primary 
cause for the decline of the species, rather than habitat removal (USFWS 20 1 6) .  The northern 
long-eared bat was listed as a threatened species with a final 4(d) rule on April 2, 20 1 6  (USFWS 
20 1 6) . The 4( d) rule prohibits purposeful take of the species range-wide. Within the "WNS 
Zone" ( counties within 1 50 miles of known occurrences of the pathogen that causes white-nose 
syndrome) incidental take resulting from specified activities is prohibited during certain times of 
year. The Project Area is within the WNS Zone, therefore incidental take that results from 
operation of utility-scale wind-energy turbines currently is not prohibited. Additionally, 
incidental take that results from tree-clearing activities is not prohibited, unless it occurs within 
0.25 mile of a known northern long-eared bat hibernacula or within 1 50  feet of a known 
maternity roost tree between June 1 and July 3 1 .  

Several passive bat acoustic surveys have been completed on previous iterations of the Project 
Area (Table 1 1 .3 . 1 .4) . These surveys indicated a low likelihood of northern long-eared bat 
presence in the study areas. A passive bat acoustic survey was completed on the current Project 
Area in April - November 20 1 7 . This survey is summarized in Section 1 1 .3 . 1 .4 .3 .2  and provided 
in Appendix G. 

A desktop bat habitat assessment was conducted with the purpose of assessing the availability 
and suitability of bat habitat, including that of northern long-eared bats, within an earlier iteration 
of the Project Area in summer 20 1 5  (Table 1 1 .3 . 1 .4). This assessment identified only marginal 
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potential northern long-eared bat habitat. A desktop bat habitat assessment was completed for the 
current Project Area in September 20 1 8  (Section 1 1 . 3 . 1 .4.2 . 1 )  (Appendix F) . The assessment 
concluded that there is limited suitable northern long-eared bat habitat within the Project Area 
and that USFWS considers the species unlikely to occur except as an occasional migrant 
(USFWS personal communication, 20 1 8) (Appendix F) . 

1 1 .3 .1 .2.3 Bald Eagle and Golden Eagle (Protected under the Bald and 
Golden Eagle Protection Act) 

Bald eagles (Haliaeetus leucocephalus) typically occupy habitat near large rivers, lakes, and 
marshes with available food sources (USFWS 2007). They build stick nests as large as 1 0  ft. in 
diameter in trees and occasionally on human-made structures (USFWS 2007). Skadsen (20 1 7) 
identifies the bald eagle as an "uncommon migrant" in northeast South Dakota. The golden eagle 
(Aquila chrysaetos) nests primarily west of the Missouri River in South Dakota, usually on cliffs, 
rocky outcrops, and in large trees (Kochert et al . 2002; Pulkrabek and O'Brien 1 974) .  Skadsen 
(201 7) lists the golden eagle as a "rare migrant" in northeast South Dakota. 

Several avian use and raptor nest surveys have been completed for nearby study areas, or for 
earlier iterations of the Project Area (Table 1 1 .3 . 1 .4) . Surveys indicate the presence of bald 
eagles near the Project; however, no golden eagles were observed during these recent surveys. In 
20 1 5 , studies in a nearby study area indicated bald eagles were present; however, no golden 
eagles were observed (Tetra-Tech 20 1 5) .  A total of 453 hours of survey were conducted over all 
four seasons during the 20 1 5  survey, during which four bald eagles and zero golden eagles were 
observed (Tetra-Tech 20 1 5). The timing of the sightings suggests that observed individuals 
likely were migrants and not resident breeding adults (Tetra-Tech 201 5) .  In the spring and fall of 
2008, avian surveys were conducted for an earlier iteration of the Project in Grant, Codington, 
Deuel, and Brookings Counties (Tetra-Tech 2008a and 2008b). Three golden eagles and zero 
bald eagles were observed (Tetra-Tech 2008a and 2008b ) .  

Most recently, large bird use surveys were completed for the current Project Area from April 
through November 20 1 7  (Section 1 1 .3 . 1 .4 .2 .3) .  A total of 232 surveys across 29 points were 
completed. No bald or golden eagles were observed within the Project Area. Raptor nest aerial 
surveys conducted in 20 1 7  and 20 1 8  identified three bald eagle nests within 1 0  miles of the 
Project Area. No nests were observed within the Project Area (Section 1 1 . 3 . 1 .4 .2. 1 ;  Appendix 
D). The closest occupied bald eagle nest observed was in 20 1 7  approximately 530 ft from the 
Project Area boundary. In 20 1 8, the closest occupied bald eagle nest observed was 
approximately 4,360 ft from the Project Area boundary. No golden eagles were observed during 
20 1 7  - 20 1 8  Project Area surveys. 

1 1 .3. 1 .2.4 Piping Plover (Federally Threatened) 
Within South Dakota, piping plovers ( Charadrius melodus) breed and nest on open beaches, 
alkaline wetlands, and sandflats (Aron 2005). In the Northern Great Plains, the nesting season 
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extends from late April through August, with peak activity in May and June (Aron 2005). Nests 
consist of shallow scrapes in the sand lined with rocks or small shells (Aron 2005) .  The SDGFP 
(20 1 6) lists the piping plover as known to have occurred in Codington County but not Grant 
County; however, the USFWS (20 1 7a) does not list the species as a known or potential 
occurrence in Codington County. The Platte River Recovery Implementation Program (PRRIP; 
20 1 7) indicates that the species nests primarily on the Missouri River, downstream of the Gavins 
Point (approximately 1 50 miles south of Project Area) and Fort Randall Dams (approximately 
1 54 miles southwest of Project Area), with some nesting on tributaries of the Missouri . The 
PRRIP (20 1 7) also states that piping plovers have been observed at Horseshoe Lake in western 
Codington County, approximately 1 4  miles west of the Project Area. 

Several avian use surveys have been completed for nearby study areas, or for earlier iterations of 
the Project Area (Table 1 1 .3 . 1 .4). No piping plovers were observed during these surveys . Avian 
use surveys were completed for the current Project Area from April through November 20 1 7. 
These surveys are described below in Section 1 1 .3 . 1 .4 .2 .3 .  Point count surveys were conducted 
at 29 locations throughout the Project Area. A total of 232 surveys were completed. No piping 
plovers were observed. 

1 1 .3.1 .2.S Red Knot (Federally Threatened) 
The red knot (Calidris canutus rufa) is a shoreline species that breeds in drier Arctic tundra areas 
that generally are sparsely vegetated. Nests are cup-shaped depressions lined with vegetation and 
located on the ground. Outside of the breeding season, the species primarily is found in marine 
habitats, especially near coastal inlets, estuaries, and bays (Harrington 200 1 ). The species may be 
present in South Dakota as a migrant or accidental occurrence but breeding or wintering 
populations have not been observed (Harrington 200 1 ). 

Several avian use surveys have been completed for nearby study areas, or for earlier iterations of 
the Project Area (Table 1 1 .3 . 1 .4). No red knots were observed during these surveys. Avian use 
surveys were completed for the current Project Area from April through November 20 1 7. These 
surveys are described below in Section 1 1 .3 . 1 .4 .2 . 3 .  Point count surveys were conducted at 29 
locations throughout the Proj ect Area. A total of 232 surveys were completed. No red knots were 
observed. 

1 1 .3 .1 .2.6 Whooping Crane (Federally Endangered) 
The USFWS indicates that South Dakota is within the whooping crane migration corridor and 
that the species may stopover in suitable habitat including cropland and pastures, wet meadows, 
shallow marshes, shallow portions of large water bodies, and both freshwater and alkaline basins 
(Appendix B). The Project Area is approximately 30 miles east of the 95% core migration 
corridor ( as delineated by Pearse et al 20 1 8a and 20 1 8b) at its closest, indicating that it is 
relatively less likely for the species to be present within the Project Area than in areas closer to 
the migration corridor. According to the USFWS Whooping Crane Tracking Project Database, 
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the closest whooping crane observation is from spring 20 1 5 , approximately 1 6  miles northwest 
of the Project Area. 

Several avian use surveys have been completed for nearby study areas, or for earlier iterations of 
the Proj ect Area (Table 1 1 .3 . 1 .4). No whooping cranes were observed during these surveys. 
Avian use surveys were completed for the current Project Area from April through November 
20 1 7. These surveys are described below in Section 1 1 .3 . 1 .4.2.3 . Point count surveys were 
conducted at 29 locations throughout the Project Area. A total of 232 surveys were completed. 
No whooping cranes were observed. Additionally, a desktop whooping crane habitat assessment 
was conducted to identify potentially suitable in the Project Area plus a 1 -mile buffer (see 
Section 1 1 .3 . 1 .4. 1 .2 ;  Appendix E) . The assessment found that wetlands considered suitable 
comprised only 0. 75% of the total Project Area (Section 1 1 . 3  . 1 .4.2.2). 

1 1.3.1 .3 State-Listed Terrestrial Species 
The sources described in Section 1 1 .3 . 1 . 1  were reviewed for records pertaining to state-listed 
wildlife species known or expected to occur in Codington and/or Grant County. The results of 
this review are provided in Table 1 1 .3 . 1 .3 .  

Table 1 1 .3.1 .3 State-Listed Species with Potential to  Occur in  Codington and Grant Counties 

Status1 Global State 
Common Name Scientific Name County Occurrence 

Rank2 Rank2 

Mammals 

northern river otter Lontra canadensis Codington, Grant ST GS S2 

Birds 

Pandion haliaetus 
Grant 

osprey ST GS 
S I B, 
SZN 

piping plover Charadrius melodus 
Codington, Grant 

ST G3 
S2B, 
SZN 

whooping crane Gus americana Codington, Grant SE G I  SZN 
1 ST - state threatened; SE - state endangered; BG EPA -protected by Bald and Golden Eagle Protection Act. 
2 Global/State Rank Definition ( applied range wide for global rank and statewide for state rank) 
GI SJ - Critically imperiled because of extreme rarity (5 or fewer occurrences or very few remaining individuals or 
acres) or because of some factor(s) making it especially vulnerable to extinction. 
G2 S2 - Imperiled because of rarity (6 to 20 occurrences or few remaining individuals or acres) or because of some 
factor(s) making it very vulnerable to extinction throughout its range. 
G3 S3 - Either very rare and local throughout its range, or found locally (even abundantly at some of its locations) 
in a restricted range, or vulnerable to extinction throughout its range because of other factors; in the range of 21 of 
100 occurrences. 
G4 S4 - Apparently secure, though it may be quite rare in parts of its range, especially at the periphery. Cause for 
long term concern. 
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G 5 S5 - Demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery. 
SZ - No definable occurrences for conservation purposes, usually assigned to migrants. 
SR - Element reported for the state but no persuasive documentation. 
Bird species may have two state ranks, one for breeding (S#B) and one for nonbreeding seasons (S#N). Example: 
osprey (SIB, SZN) indicates an SJ rank in breeding season and SZ in nonbreeding season. 

The p1pmg plover and whooping crane are discussed m detail m sections 1 1 .3 . 1 .2 .4 and 
1 1 . 3 .2 . 1 .6 above, respectively. 

1 1 .3. 1 .3 .1 Northern River Otter (State Threatened) 
Northern river otters (Lontra canadensis) can occupy many types of habitat; however, riparian 
vegetation along a wetland margin is a key habitat feature (SDGFP 20 12) .  This species is more 
prevalent in areas with abundant food and limited disturbance (SDGFP 20 1 2) .  Northern river 
otters and beavers are closely associated; the northern river otter exploits dens, downed trees, 
ponds, and prey that thrive in beaver ponds (SDGFP 20 1 2) .  The northern river otter was 
reintroduced into the Minnesota River valley in 1 980 and 1 9 8 1  (Skadsen 20 1 6a) .  Since then, 
Skadsen (20 1 6a) reports that the population has expanded its range and the species now is 
frequently observed in Grant County along the Y ellowbank River drainages, which cross through 
the Project Area, and along other tributaries and lakes within the Minnesota River valley, which 
lies approximately 1 6  miles northeast of the Project Area. The Project Area contains lakes and 
streams which have the potential to support northern river otters (Section 1 1 .2). However, it is 
unknown whether northern river otters frequently utilize these tributaries in Codington County 
(SDGFP 20 1 2) .  The closest documented observation of the northern river otter was along an 
unnamed tributary approximately 1 3 . 8  miles east of the Project Study Area (South Dakota 
Natural Heritage Database spatial data accompanying correspondence shown in Appendix B). 

11 .3.1 .3.2 Osprey (State Threatened) 
Ospreys (Pandion haliaetus) inhabit areas near large water bodies that support their prey, which 
consists almost exclusively of fish (SDGFP 20 1 7a) . Their nest sites include large trees on or near 
water bodies, with preference to locations that offer separation from surrounding vegetation to 
avoid predators (SDGFP 20 1 7a) .  The Project Area contains lakes and streams which have the 
potential to support osprey prey resources (Section 1 1 .2), though forested areas with available 
nesting sites are limited throughout the Project Area (Section 1 1 . 1  ) .  

Several avian use surveys have been completed for nearby study areas, or  for earlier iterations of 
the Project Area (Table 1 1 .3 . 1 .4). No ospreys were observed during those surveys. Avian use 
surveys were completed in the Project Area from April through November 20 1 7 .  A total of 232 
surveys across 29 points were completed. No ospreys were observed within the Project Area. 
Raptor nest aerial surveys were conducted in 20 1 7  and 20 1 8 ; no osprey nests were identified 
within the Project Area or within 2 miles of the Project Area. 
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1 1 .3.1 .3.3 Prairie Grouse 
The greater prairie-chicken (Tympanuchus cupido) and sharp-tailed grouse (T phasianellus) may 
be present in the Project Area. These species are not federally or state-listed as threatened or 
endangered. During spring 2007-2008 avian surveys, several active greater prairie-chicken leks 
were observed within a nearby study area. Four active leks were recorded during spring 20 1 6  
surveys in or near an earlier iteration of the Project Area, including 2 greater prairie-chicken leks 
and two unknown leks. Throughout agency coordination on the current Project Area, the 
Applicant has requested and received lek occurrence data from the SDGFP (Appendix B). These 
locations have been documented spatially in the Applicant' s Project planning databases to ensure 
consideration during Project siting. During most recent avian use studies in the Project Area 
(Section 1 1 .3 . 1 .4 .3 . 1 ), 1 greater-prairie chicken and 1 sharp-tailed grouse, and no leks, were 
observed. 

1 1.3. 1 .4 Studies Conducted to Date 
The Applicant has completed numerous wildlife studies for both the Project Area, and for earlier 
iterations of the Project Area (Table 1 1 .3 . 1 .4). Most recent (20 1 7-20 1 8) studies, which were 
completed on the current Project Area iteration, are described in more detail below. 

Table 1 1 .3.1 .4. Wildlife Studies Completed for the Crowned Ridge Wind Energy Facility Project 
Area and Vicinity 

Date Survey Survey Area 

Mar. 2007 - June 2008 avian use surveys (spring) Earli er iteration of Project Area 

June 2008 Dakota skipper habitat Earlier iteration of Project Area delineation 
Aug. - Nov. 2008 avian use survey (fall ) Earlier iteration of Project Area 

June - July 2009 Dakota skipper habitat Earlier iteration of Project Area delineation 
Aug. - Nov. 2014 avian use surveys (fall) Earlier iteration of Project Area 
Mar. - Nov. 2014; eagle survey Earlier iteration of Project Area Nov - Mar. 2015 

2015 Dakota Skipper habitat Earlier iteration of Project Area evaluation 

Summer 2015 bat habitat assessment Nearby study area 

Aug. - Oct. 2015 ; bat acoustic survey Earlier iteration of Project Area Apr. - Oct. 2016 

Mar. - Apr. 2016 raptor nest survey Earlier iteration of Proj ect Area 

Apr. - May 2016 lek surveys Earlier iteration of Project Area 
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Apr.  - Oct. 20 1 6  bat acoustic survey Earlier iteration of Project Area 

July 2016 bat acoustic survey Earlier iteration of Project Area 

Sept. 2016 Dakota skipper and Poweshiek Earlier iteration of Project A rea skipperling habitat assessment 

Apr. 20 1 6 - F eb. 20 1 7  avian use survey Earlier i teration of Project Area 

Apr. and May 2017 raptor nest aerial survey Project Area 

Apr. - Nov. 20 1 7  avian point count surveys Projec t  Area 

Apr. - Nov. 2017 bat acoustic monitoring Project Area 

Spring 2018 r aptor nest aerial survey Project Area 

Jun e - July 2018 Dakota skipper and Poweshiek Projec t Area skipperling adult survey 

Summer 2018 desktop whooping crane habitat Project  Area assessment 

Sep. 20 18 desktop bat habitat assessment Proj ect Area 

1 1 .3 .1 .4 .1  Prairie Butterflies - Dakota Skipper and Poweshiek 
Skipperling 

The Applicant completed a thorough desktop and field-verified habitat assessment for potentially 
suitable Dakota skipper and Poweshiek skipperling habitat in the Project Area (see Appendix C) . 
Based on habitat assessment results, "adult presence/absence survey areas" were identified. In 
these areas, the Applicant completed three rounds of Dakota skipper and Poweshiek skipperling 
adult presence/absence surveys between June 28 and July 1 2, 20 1 8, with 48 hours ' spacing 
between each survey round and in accordance with the USFWS ' s  20 1 8  Dakota Skipper Protocol. 
The surveys fell within the adult flight period of both species. 

Prior to the survey, the Applicant obtained USFWS concurrence with proposed survey methods . 
All observed butterfly species were documented and a general count of flowering plants was 
conducted. No Dakota skippers or Poweshiek skipperlings were observed. 

1 1 .3 .1 .4.2 Birds 
1 1 .3. 1 .4.2 .1  Raptor and Eagle Nest Surveys 

Two raptor nest aerial surveys were completed in 20 1 7  and one was completed in 20 1 8  to 
identify nesting raptors and to provide spatial and species information (Appendix D). Biologists 
surveyed for all raptor nests within the Project Area and a 2-mile (3 .2-kilometer) buffer. 
Biologists surveyed specifically for eagle nests with the Project Area and a 1 0-mile ( 1 6-
kilometer) buffer. 
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The 20 1 7  surveys identified 22 non-eagle raptor nest structures within the 2-mile buffer survey 
area. Eight of these nests were considered occupied and fourteen nests were considered 
unoccupied. Five occupied non-eagle raptor nests (four red-tailed hawk nests, one great-homed 
owl nest) were observed within the Project Area. Three occupied non-eagle raptor nests (two 
red-tailed hawk nests, one Swainson's  hawk nest) were observed outside the Project Area within 
the 2-mile buffer. Two occupied bald eagle (Haliaeetus leucocephalus) nests were observed 
within the 2-mile buffer. No bald eagle nests were observed within the Project Area. 

The 20 1 8  survey identified 47 non-eagle raptor nest structures within the 2-mile buffer survey 
area. Sixteen nests were considered occupied and thirty-one nests were considered unoccupied. 
Eight occupied non-eagle raptor nests (six red-tailed hawk nests, two great-homed owl nests) 
were observed within the Project Area. Likewise, eight occupied non-eagle raptor nests (six red
tailed hawk nests, two great-homed owl nests) were observed outside the Project Area within the 
2-mile buffer. Two occupied bald eagle nests and one (likely) unoccupied eagle nest were 
observed within the 2-mile buffer and outside the Project Area. Three occupied bald eagle nests 
were identified within the I O-mile buffer and beyond the 2-mile buffer. No bald eagle nests were 
observed within the Proj ect Area (Appendix D). 

11 .3 .1 .4.2.2 Whooping Crane Habitat Assessment 
A desktop assessment was conducted to identify potentially suitable whooping crane habitat in 
the Project Area plus a 1 -mile buffer (Appendix E). The assessment followed methods outlined 
in The Watershed Institute' s (TWI) Potentially Suitable Habitat Assessment for the Whooping 
Crane (TWI 20 1 3) .  In total, 1 80 wetlands, totaling 1 ,696.4 acres, scored 1 2  or higher. TWI 
considers a habitat score of 1 2  or higher as potential suitable habitat. Seventy-four of these 1 80 
wetlands, totaling 440.2 acres, overlapped the Project Area. These wetlands comprise only 
0.75% of the total Project Area. 

1 1 .3.1 .4.2.3 Avian Use Surveys 
Avian use surveys for the Project Area were completed April 1 ,  20 1 7  through November 30 ,  
20 1 7 with the objective of characterizing activity, spatial distribution, and relative abundance of 
avian species. Study methods included large bird use surveys and small bird use surveys in 
accordance with recommendations set forth in the WEGs. Point count surveys were conducted at 
29 locations throughout the Project Area with 800-meter and 1 00-meter buffers for large and 
small bird surveys, respectively. A total of 232 surveys across the 29 points were completed 
during the survey. 

SWCA recorded 356 large bird observations. Flight altitudes for 209 of the 356  observations 
occurred at 0-200-m above ground level ; however, 1 72 of the 209 observations (48 .3%) 
occurred at a height below 30  m, which is outside of the typical turbine rotor-swept area. 
Surveyors recorded four large bird species recognized by the USFWS as birds of conservation 
concern (BCC) within the Project Area: ferruginous hawk (Buteo regalis), peregrine falcon (F 
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peregrinus), prairie falcon (F mexicanus), and marbled godwit (USFWS 2008). Twelve raptor 
species were observed: American kestrel (Falco sparverius), Cooper's hawk (Accipiter 
cooperii), ferruginous hawk, merlin (F columbarius), northern harrier (Circus cyaneus), 
peregrine falcon, prairie falcon, rough-legged hawk (B. lagopus), red-shouldered hawk (B. 
lineatus), red-tailed hawk (B. jamaicensis), sharp-shinned hawk (A. striatus), and Swainson' s 
hawk (B. swainsoni) .  No bald or golden eagles were observed within the Project Area. Twenty
three non-raptor species were recorded: American crow (Corvus brachyrhynchos), American 
white pelican (Pelecanus erythrorhynchos), blue-winged teal (Spatula discors), California gull 
(Larus californicus), Canada goose (Branta canadensis), double-crested cormorant 
(Phalacrocorax auritus), Franklin' s gull (Leucophaeus pipixcan), gadwall (Mareca strepera), 
great blue heron (Ardea herodias), great egret (Ardea alba), greater prairie-chicken, greater 
yellowlegs (Tringa melanoleuca), marbled godwit (Limosa jedoa), mallard (Anas 
platyrhynchos), northern pintail (Anas acuta), ring-billed gull (Larus delawarensis), ring-necked 
pheasant (Phasianus colchicus), snow goose (Chen caerulescens), sharp-tailed grouse, turkey 
vulture (Cathartes aura), Wilson' s snipe (Gallinago delicata), wild turkey (Meleagris 
gallopavo), and wood duck (A ix sponsa) . All species observed during the 8-month survey period 
are considered typical for the region and seasons of observation. 

A total of 644 small bird observations of 54 species were made during surveys. Flight altitudes 
for 643 of the 644 observations occurred at 0-200 m above ground level ; however, 625 of the 
643 observations (97.2%) occurred at a height below 30  m, which is outside the turbine rotor
swept area. Biologists recorded four small bird species recognized by the USFWS as BCC within 
the Project Area: the chestnut-collard longspur (Calcarius ornatus), grasshopper sparrow 
(Ammodramus savannarum), willow flycatcher (Empidonax traillii), and red-headed woodpecker 
(Melanerpes erythrocephalus) (USFWS 2008). Western meadowlark (Sturnella neglecta), red
winged blackbird (Agelaius phoeniceus), and American robin (Turdus migratorius) accounted 
for 238  (36.9%) of all observations . A complete list of observed species is provided in the Avian 
Use Survey Report (Appendix E) . All species observed during the 8-month survey period are 
considered typical for the region and seasons of observation. 

1 1 .3 .1 .4.3 Bats 
1 1 .3 .1 .4.3.1 Bat Habitat Assessment 

A desktop bat habitat assessment was conducted with the purpose of assessing the availability 
and suitability of bat habitat within the Project Area, and to determine the potential for presence 
of state-listed and federally listed bat species (Appendix F) . 

S ix bat species have potential to occur within the Project Area: eastern red bats (Lasiurus 
borealis), silver-haired bats (Lasionycteris noctivagans), hoary bats (Lasiurus cinereus), northern 
long-eared bats, little brown bats (Myotis lucifugus), and big-brown bats (Eptesicus fuscus) . 
SWCA cross-referenced these species '  requirements with availability of suitable habitat in the 
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Project Area, reviewed occurrence records, and coordinated with USFWS to determine seasonal 
likelihood of occurrence for each species. 

The only federally listed species with potential to occur within the Project Area is the northern 
long-eared bat. There is limited suitable habitat for the northern long-eared bat within the Project 
Area, typically in the form of wooded riparian corridors, small woodlots, and isolated forest 
patches. As a forest interior species, the northern long-eared bat requires contiguous forest 
blocks of 1 5  or greater acres and prefers forested blocks of greater than 1 1 4 acres (Appendix F). 
The Project Area contains 246 total acres of forested blocks that individually are between 1 5  and 
1 1 4 acres, and 34 1 total acres of forested blocks that individually are 1 1 4 acres or greater 
(Appendix F). These acreages represent a combined 1 . 1  percent of the Project Area qualifying as 
suitable roosting and/or foraging habitat. The habitat available within the Project Area is similar 
in availability and density to the surrounding landscape, indicating that there is no regionally 
unique habitat that could serve as an attractant for northern long-eared bats to the Project Area. 
Furthermore, the USFWS has stated that there is low likelihood of northern long-eared bats 
occurring within the Project Area as a summer resident (USFWS personal communication, 20 1 8) 
(Appendix F) . There is potential for the northern long-eared bat to occur within the Project Area 
as a migrant during the spring and fall, though migration behavior of the species is poorly 
understood. 

Based on habitat suitability and availability, the remaining species with potential to occur have 
varying likelihoods of occurrence throughout the year (Appendix F). 

1 1.3.1 .4.3.2 Bat Acoustic Survey 
A long-term, passive, acoustic bat monitoring survey was conducted within the Project Area 
between April 6 and December 1 ,  20 1 7  in accordance with the recommendations set forth in the 
WEGs (Appendix G). Two acoustic detectors were deployed on a meteorological tower within 
the Project Area. Data were analyzed to determine bat passes per detector night of recording, 
where a "detector night" is equal to one detector deployed for one calendar night. 

Nearly 80% of the calls recorded occurred in the fall .  Although the dynamics of bat migration 
are not fully understood, one factor that could contribute to this difference is recruitment of 
juveniles into the fall migration population. Seasonal differences in the data collected suggest 
that the Project Area experiences limited bat migration in spring. However, if 20 1 7  data are 
indicative of an overall pattern, spring bat populations are sparse when compared with other 
regions of the United States .  The highest levels of activity observed correlated with fall 
migration, though even these spikes of activity were low when compared with other fall 
migration events. 

Overall, the level of bat activity may suggest that bat use of the Project Area is relatively low. 
The annual mean passes the per detector night recorded during the study at 1 .6 .  For comparison, 
Jain (2005) documented a mean activity level in 2003 and 2004 of 34 .9 and 36 .6 passes per 
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detector-night, respectively, in Iowa. Because of the lack of suitable roosting and foraging 
habitat in the project area, the number of bats is likely much lower than what might be observed 
in other, more ecologically diverse, parts of the country. 

1 1 .3.2 Wildlife Impacts/Mitigation 

As described above, the Project will result in temporary and permanent impacts to approximately 
2 , 1 34.4 and 86 .0 acres, respectively. The majority ( 1 ,564.4 1 acres; 70.46%) of these impacts will 
occur in agricultural area (Table 1 1 . 1 .2) . Agricultural areas may provide some, although 
relatively limited, foraging and cover habitat for some wildlife species. As described above, the 
Applicant will restore temporarily impacted acres to pre-construction conditions. In temporarily 
impacted areas, wildlife is expected to be displaced in the short-term, re-inhabiting these areas 
following disturbance. 

Construction of the Project may result in the direct mortality of some individuals of some 
wildlife species (e.g . ,  reptiles and amphibians) . Mortality associated with construction (e.g . ,  
crushing by vehicles) is expected to be limited, and not result in population-level effects .  
Wildlife, when mobile (e .g . ,  adult birds, volant bats) are capable of escaping disturbance. The 
Applicant will implement best management practices, including pre-construction nest clearance 
surveys, to limit impacts to bird eggs and nestlings . Project construction also will result in noise 
or disturbance with potential to temporarily displace individuals of some species. However, the 
displacement is expected to be short-lived. In most cases, wildlife may only be temporarily 
displaced from habitat and will be expected to utilize adjacent habitats elsewhere in the Project 
Area during disturbances . 

During O&M activities, wildlife may be disturbed by activity including vehicle and foot traffic. 
Such disturbances will be short-term, limited to the duration of activities. Many wildlife species 
occurring in the Project Area are adapted to human disturbance and are expected to habituate to 
long-term, intermittent, routine activity (e.g., O&M activities) in the Project Area. 

Construction crews will be instructed to avoid disturbing or harassing wildlife when observed. 
Further, crews will remove trash from the Project Area to avoid inadvertently attracting 
scavenger species, which could in turn increase potential impacts to prey species ( e.g., nesting 
birds) . 

Potential mortality to bird and bat species during the operation phase of the Project is described 
below. 

1 1 .3.2 .1  Federally Listed Species 
The following sections describe potential effects to federally listed species, if those species were 
to occur in the Project Area. 

Northern Long- ared Bat 
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No impacts to summering or wintering northern long-eared bats are expected to result from the 
Proj ect. 

The USFWS has indicated that the northern long-eared bat is unlikely to occur in the Project 
Area except as an occasional migrant (USFWS personal communication, 20 1 8) .  Results of the 
Applicant ' s  studies indicate an overall lack of suitable habitat for the species. It is possible that 
the species could occur in the Project Area as a migrant. 

Where northern long-eared bats occur as summer residents, the removal and fragmentation of 
forested patches 1 5  acres or larger could affect the species. Removing potential roost trees (trees 
that provide roosting opportunity but are not known to be roosts) degrades the quality of habitat, 
and removal of trees may eliminate potential foraging habitat. Felling occupied roost trees during 
the summer could affect individual northern long-eared bats, where the species is present. 
Because the species is unlikely to occur in the Project Area as a summer resident, these impacts 
will not occur because of the Project. However, the Applicant has opted to minimize tree
clearing and to observe seasonal clearing restrictions to further reduce the chances for impacts to 
the species .  Impacts to the northern long-eared bat, if present, will be minimized to the extent 
practicable through project design and BMPs described here and summarized in Section 1 1 . 3 .2 . 5 .  

Dakota Skipper and Poweshiek Skipperling 

No Dakota skippers or Poweshiek skipperlings were observed during protocol surveys in the 
Project Area in 20 1 8 . If occupied in future years, the Project could impact potentially suitable 
habitat for Dakota skippers and Poweshiek skipperlings through habitat removal or modification. 
Impacts could occur through placement of structures within suitable habitat or through routing of 
features such as access roads. The species, where present, are vulnerable to impacts within larval 
habitat year-round and adult habitat during the flight season (approximately June 1 5  - July 20, 
weather dependent) . Where suitable habitat cannot be avoided, the Applicant will avoid 
construction activities in those specific locations during the adult flight period (approximately 
June 1 5  to July 20, weather dependent) to avoid direct mortality of breeding adults . Impacts to 
the prairie butterflies, if present, will be minimized to the extent practicable through project 
design and BMPs described here and summarized in Section 1 1 .3 .2.5 . 

Bald Eagles 

Bald eagles have been observed near the Project Area. Potential impacts to bald eagles, if present 
in the Project Area, include the possibility for collisions with structures .  Siltation and erosion 
that results from the Project could lead to degradation of water quality, potentially affecting bald 
eagle prey sources. The Applicant has avoided siting turbines within 1 . 5 mi of occupied bald 
eagle nests . Impacts to bald eagles, if present, will be further minimized to the extent practicable 
through project design and BMPs described here and summarized in Section 1 1 . 3 .2 . 5 .  
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Whooping Cranes 

There is very limited likelihood that whooping cranes occur within the Project Area. No 
whooping cranes have been observed in the Project Area during targeted wildlife surveys . 
Furthermore, habitat assessments indicate a paucity of suitable stopover habitat for the species 
within the Project Area. The Project is not expected to impact whooping cranes. 

1 1 .3.2.2 State-Listed Species 
Habitat removal and degradation are the primary potential impacts to the northern river otter. 
Erosion and siltation can affect water quality, limiting prey availability for northern river otters. 
Impacts to streams and waterbodies will be avoided to the extent practicable through project 
design and BMPs described in Section 1 1 .2 and summarized below in Section 1 1 . 3 .2 . 5 . 

If present, osprey have the potential to collide with vertical structures. Siltation and erosion that 
results from the Project could lead to degradation of water quality, potentially affecting osprey 
prey sources. Impacts to osprey, if present, will be avoided to the extent practicable through 
project design and BMPs described here and summarized in Section 1 1 .3 .2 . 5 .  

1 1 .3.2.3 Avian Species 
Impacts to avian species can be direct (e.g . ,  turbine strike mortality) or indirect (e.g . ,  loss of 
degradation of habitat). 

The Applicant has selected tubular turbine design, reducing perching and nesting sites thereby 
reducing risk of avian mortality. In addition, the Applicant will implement BMPs, including nest 
clearance surveys, prior to construction to limit impacts to bird eggs and nestlings (Section 
1 1 .3 .2 .5) .  

The Applicant has completed both small and large bird use surveys of the Project Area to assess 
baseline conditions (Section 1 1 .3 . 1 .4 . 1 .3) .  The Applicant plans to conduct one year of systematic 
post-construction mortality monitoring to confirm operational trends are consistent with 
previously observed trends for other projects in the region. 

1 1 .3.2.4 Bats 
Impacts to bat can be direct (e .g . ,  turbine strike mortality) or indirect (e .g . ,  loss of degradation of 
habitat) . As described above in Section 1 1 . 1 . 1 ,  the Applicant has minimized tree-clearing, which 
results in avoidance and minimization of impacts to potentially suitable roosting bat habitat. 
Likewise, aquatic resources have been avoided to the extent practical, and the Applicant will 
implement erosion and sediment control devices as appropriate during construction. Such 
measures avoid and minimize the potential for adverse effects to potential foraging bat habitat in 
the Project Area. 

The Applicant has completed a habitat suitability assessment, and an acoustic survey, for bats in 
the Project Area (Sections 1 1 .3 . 1 .4 .2 . l and 1 1 .3 . 1 .4.2.2) . The Applicant plans to conduct one 

68 

Exhibit A1

 
007022

ADMINISTRATIVE RECORD - Scan 4 - Page 79 of 139

- Page 2196 -



year of systematic post-construction mortality monitoring to confirm operational trends are 
consistent with previously observed trends for other projects in the region. 

1 1 .3.2.5 Avoidance, Minimization and Mitigation Measures 
The following avoidance, minimization, and mitigation measures summarize those described 
above, which have been developed by the Applicant to avoid, minimize, or offset potential 
adverse impacts to terrestrial ecosystems because of the Project. 

• A void siting turbines in wetlands or other waterbodies 
• Avoid placing structures, or conducting any activity, on USFWS grassland or USFWS 

wetland/grassland combination easements 
• Site turbines more than 1 . 5 miles from known occupied bald eagle nests 
• Site turbines with consideration of SDGFP-documented leks 
• Minimize tree clearing 
• Re-vegetate disturbed areas to as close to preconstruction conditions as possible in 

coordination with the landowner and per applicable permit conditions and requirements. 
• Conduct pre-construction bird nest clearance surveys or observe seasonal clearing 

restrictions to minimize impacts to breeding birds, including raptors, and summering bats 
• A void activity in potentially suitable habitat for the Dakota skipper and Poweshiek 

skipperling where possible 
• Minimize impacts to Dakota skippers and Poweshiek skipperlings by avoiding 

construction during the adult flight period (approximately June 1 5-July 1 5) to avoid 
mortality of breeding adults 

• Implement standard erosion control measures, including temporary sediment barriers, 
slope breakers, and mulching to avoid sedimentation and runoff to avoid impacts to 
wetlands and streams 

• During revegetation efforts in potentially suitable Dakota skipper and Poweshiek 
skipperling habitat, use seed mixes that incorporate vegetation that supports these prairie 
butterfly species. 

• Complete one year of post-construction mortality monitoring and adhere to the Wildlife 
Response and Reporting System (WRRS) Manual for the life of the project. The WRRS 
standardizes and prescribes actions taken in response to any wildlife fatalities and/or 
injuries found within the Project Area boundaries. 
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12.0 Effect on Aquatic Ecosystems (ARSD 20: 10 :22 : 1 7) 

ARSD 20: 10: 22: 1 7. Effect on aquatic ecosystems. The applicant shall provide information of the effect 
of the proposed facility on aquatic ecosystems, and including existing information resulting from 
biological surveys conducted to identify and quantify the aquatic fauna andfl,ora, potentially affected 
within the transmission site, wind energy site, or siting area, an analysis of the impact of the construction 
and operation of the proposed facility on the total aquatic biotic environment and planned measures to 
ameliorate negative biological impacts as a result of construction and operation of the proposed facility. 

12.1 Existing Aquatic Ecosystems 

Aquatic resources present in the Project Area are described in detail in Section 1 0  and are shown 
in Figure 12 .  Aquatic resources in the Project Area have been altered to various levels, ranging 
from annually cultivated wetlands to channelized watercourses to naturally occurring pothole 
wetlands with little physical alteration. 

12.1 .1  Federally Listed Aquatic Species 

The USFWS South Dakota Ecological Services Field Office publishes a list of threatened and 
endangered species known or presumed to occur within counties in South Dakota (USFWS 
20 1 7a) .  Coordination with the USFWS was reviewed for information on federally or state-listed 
species with potential to occur in the Project Area (Appendix B). The USFWS lists one federally 
listed aquatic species in Codington County, the Topeka shiner (Notropis topeka; endangered) and 
none in Grant County. The Topeka shiner has a G5 global rank, and an S3 state rank (see 
footnote to Table 1 2 . 1 .2). 

12. 1 . 1 . 1  Topeka Shiner (Federal Endangered) 
The Topeka shiner is a small minnow native to eastern South Dakota, and is found within 
tributaries to the James, Vermillion, and Big Sioux drainages. The species prefers a variety of 
habitats including runs, pools, and backwater areas in cool, perennial streams. Occupied streams 
typically are groundwater-fed; and have high water quality, clean gravel substrates, and 
vegetated banks (Shearer 2003) .  Shearer (2003) synthesized available occurrence data and 
identified 1 6  streams where the Topeka shiner was observed before 1 997, and 38 streams where 
the species was observed between 1 997 and 2002. None of those streams are in Grant or 
Codington Counties. However, additional tributaries to the Big Sioux River do occur in the 
Project Area, and the USFWS (20 1 7a) lists the species as known from Codington County. There 
is no information available to determine whether the Topeka shiner currently inhabits streams in 
the actual Project Area or Project Construction Easement. 

12. 1 .2 State-Listed Aquatic Species 

The SDGFP maintains a list of threatened, endangered, and candidate species (SDCL Chapter 
34A-8 and 34A-8A) and provides information on recorded observations within a given county 
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(SDGPF 20 1 6). Available resources through the SDGPF were reviewed for information on 
federally or state listed species with potential to occur in the Project Area (Appendix C) . The 
SDGFP lists two state-listed aquatic species with documented occurrences in Grant County: the 
blacknose shiner (Notropis heterolepis) and northern redbelly dace (Chrosomus eos) (SDGFP 
20 1 6) .  The SDGFP also lists the Topeka shiner as documented in Codington County; however, 
the species is not state-listed in South Dakota. 

Table 12.1.2 .  State-listed aquatic wildlife with potential to be present in the Project Area 

Common 
Scientific Name Status1 County Records Global Rank2 State Rank 

Name 

b lacknose Notropis 
SE 

Documented in Grant 
GS Sl 

shiner heterolepis County 

northern 
Chrosomus eos ST 

Documented in Grant 
GS S2 

redbelly dace County 

J SE - state endangered; ST - state endangered 

2 Global/State Rank Definition (applied rangewide for global rank and statewide for state rank; these may change 

with new information): 

SJ = Critically imperiled because of extreme rarity (5 or fewer occurrences or very few remaining individuals or 

acres) or because of some factor(s) making it especially vulnerable to extinction. 

S2 = Imperiled because of rarity (6 to 20 occurrences or few remaining individuals or acres) or because of some 

factor(s) making it very vulnerable to extinction throughout its range. 

G3 S3 = Either very rare and local throughout its range, or found locally (even abundantly at some of its 

locations) in a restricted range, or vulnerable to extinction throughout its range because of other factors; in the 

range of 2 l of l 00 occurrences. 

G 5 S5 = Demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery. 

12. 1 .2 .1  Northern Redbelly Dave (State Threatened) 
The northern redbelly dace (Chrosomus eos) is a small olive to dark brown-colored fish native to 
eastern South Dakota that prefers quiet spring-fed areas of streams, bogs, and beaver ponds with 
aquatic vegetation (SDGFP 20 1 7b) . It is found within tributaries to the Missouri, Minnesota, Big 
Sioux, White, Niobrara, and Keya Paha River drainages. McCoy and Hales ( 1 974) observed the 
northern redbelly dace in both the North and South Forks of the Yellowbank River in Grant 
County in 1 973 (SDNHD spatial data accompanying correspondence shown in Appendix B), but 
the species was not observed during subsequent surveys (Dieterman and Berry 1 996; Burgess 
and Shearer 2008) .  It is hypothesized that the species may be extirpated from northeast South 
Dakota (Skadsen 20 1 6b) .  Tributaries to the North Fork of the Yellow Bank River are present 

7 1  

Exhibit A1

 
007025

ADMINISTRATIVE RECORD - Scan 4 - Page 82 of 139

- Page 2199 -



within the Project Area and are crossed by the Project Construction Easement (Section 1 0). 
However, there is no information available to determine whether the northern redbelly dace 
currently inhabits streams within the actual Project Area or Project Construction Easement. 

12.1 .2.2 Blacknose Shiner (State Endangered) 
The blacknose shiner (Notropis heterolepis) is a small minnow native to eastern South Dakota, 
and is found in tributaries to the Minnesota, Big Sioux, James and Keya Paha River drainages. 
The species prefers cool, clear streams with deep pools, abundant vegetation and sandy to gravel 
substrates (SDGFP 20 1 7c) . Historical records exist for the Little Minnesota River and Lake 
Traverse, neither of which are in Grant County (Bailey and Allum 1 962) . Skadsen (20 1 6b) lists 
the blacknose shiner as likely extirpated from northeast South Dakota. Additional tributaries to 
the Minnesota River do occur in the Project Area, and the SDGFP (20 1 6) indicates that the 
species is known from Grant County. However, there is no information available to determine 
whether the blacknose shiner currently inhabits streams in the Project Area or Project 
Construction Easement. 

12.2 Aquatic Ecosystems Impacts/Mitigation 

As described in Section 1 1 , the Applicant will avoid siting turbines, access roads, collector lines, 
and other Project facilities in wetlands to the extent practicable. Where wetlands must be 
intersected, the Applicant will either bore under these features, or minimize impacts to NWP 
thresholds to the extent practical (Section 1 1 .2.2). 

The primary potential for impact to any aquatic ecosystem will be as a result of increased 
sediment or total suspended solids in aquatic resources due to construction-related soil erosion. 
Generally speaking, surficial soils in flat areas are less prone to erosion than soils in sloped areas. 
Construction on or adjacent to steep slope areas can render soils unstable, accelerate natural 
erosion processes, and cause slope failure . Most of the soils in the Project Area are not highly 
susceptible to erosion; however, care will be taken to avoid or minimize excavation in steep 
slope areas . Excavation in such areas is expected to be limited to discrete areas, such as portions 
of access roads. Where possible, access roads will be sited to avoid steep slopes. There may also 
be limited trenching of underground cabling in steep slopes, although that will be minimized as 
much as possible. During construction, BMPs will be implemented to help ensure that drainage 
ways and streams are not impacted by sediment runoff from exposed soils during precipitation 
events (see Section 1 1 ) .  

Project construction will require coverage under the General Permit for Storm Water Discharges 
Associated with Construction Activities issued by the SDDENR. A condition of this permit is to 
develop and implement a SWPPP. The Applicant will develop the SWPPP prior to construction. 
The SWPPP will describe BMPs for erosion and sedimentation control. Such BMPs may include 
silt fences, straw wattles, water bars, vegetative buffers, and other measures to control storm 
water run-on and runoff to mitigate erosion and sedimentation. As a result of erosion and 
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sediment control BMPs, no impacts to aquatic ecosystems are anticipated. Further, because no 
impacts to aquatic ecosystems are anticipated, no impacts to the state- or federally listed species 
discussed above, if present in the Project Area, are anticipated. 

13.0 Land Use (ARSD 20: 10:22 : 18) 

ARSD 20:10:22:18. Land use. The applicant shall provide the following information concerning present 
and anticipated use or condition of the land: 

(I) A map or maps drawn to scale of the plant, wind energy, or transmission site identifying existing 
land use according to the following classification system: 
(a) Land used primarily for row and nonrow crops in rotation; 
(b) Irrigated lands; 
(c) Pasture/ands and rangelands; 
(d) Hay/ands; 
(e) Undisturbed native grasslands; 
(I) Existing and potential extractive nonrenewable resources; 
(g) Other major industries; 
(h) Rural residences andfarmsteads, jamily farms, and ranches; 
(i) Residential; 
(j) Public, commercial, and institutional use; 
(k) Municipal water supply and water sources for organized rural water systems; and 
(l) Noise sensitive land uses; 
(2) Identification of the number of persons and homes which will be displaced by the location of the 
proposed facility; 
(3) An analysis of the compatibility of the proposed facility with present land use of the surrounding 
area, with special attention paid to the effects on rural life and the business of farming; and 
(4) A general analysis of the effects of the proposed facility and associated facilities on land uses and 
the planned measures to ameliorate adverse impacts. 

13.1 Land Use 

This section discusses the existing land use, displacement of residences or businesses, public 
lands and conservation easements, sound, shadow flicker, electromagnetic interference, and 
visual resources of the Project Area. Also described are the Project' s  potential impacts on these 
resources and measures to mitigate the potential impacts . Local land use controls, including 
zoning ordinances, are discussed in Section 1 4 . 

13.1 . 1  Existing Land Use 

The Project is located entirely on private land, which includes undeveloped rural areas, 
agricultural lands, and residential farmsteads. The primary land use within the Project Area is 
agricultural (Section 1 1 , Table 1 1 . 1 . 1  for land cover acreage and percentages) . Within the Project 
Construction Easement, land is agricultural ( 1 ,564.4 acres or 70.5%), grass/pasture (579 .9 acres 
or 26. 1 %), developed (42 .4 acres or 1 .9%), other hay/non-alfalfa (23 .2 acres or 1 . 1  %), deciduous 
forest (6.9 acres or 0 .3%), herbaceous wetlands ( 1 .9  acres or 0. 1 %), fallow/idle cropland ( 1 . 1 
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acres or 0 . 1 %), open water (0 .4 acre and 0.02%), and barren land (0.02 acre and 0 .0%) (Figure 
2). Land within the Project Construction Easement is characterized by tilled agriculture and a 
well-developed drainage network across the Big Sioux Basin, hummocky topography with no 
distinct drainage pattern in the Prairie Coteau, and relatively gradual slopes with eastern flowing 
perennial streams along the Prairie Coteau Escarpment. Vegetation is primarily cropland and 
grassland with small patches of planted trees in shelterbelts around farmsteads/homesteads, and 
near natural streams. Two active sand and gravel pits are located in T l  1 8N R5 1 W Section 1 5  
and 1 6. Potential extractive nonrenewable resources are present within the Project Construction 
Easement. The following land classification are not present within the Project Construction 
Easement: irrigated land, major industries, areas zoned as residential, commercial or institutional 
uses, or municipal water supply and water sources for organized water systems. Rural residence 
and farmsteads are located within the Project Construction Easement. 

13.1 .2 Land Use Impacts/Mitigation 

The Project is compatible with existing land use and is not anticipated to result in sizable 
permanent impacts to the surrounding land, including agricultural operations. Typically, wind 
farm projects do not result in sizable permanent impacts due to their limited construction 
easement of ground-disturbing activities, and wind farm projects typically remove less than 1 
acre per turbine. Land use will be permanently modified in areas where turbines, substations, 
collection lines, and access roads are located. Temporary impacts will occur for initial 
construction and installation of other ancillary features, such as collection and communication 
lines, or for crane walks and temporary access. Where temporary impacts occur, the land will be 
returned to pre-construction conditions . Most of the land within the Project Construction 

. Easement is primarily used for agricultural production (50 .6%; see Section 1 3 . 1 . 1  and Figure 2), 
which is expected to continue following construction and during operation of the Project. 
Construction of the Project will result in short-term disturbances to soils and vegetation and 
increased traffic and noise on local roads. Noise and temporary air quality impacts, in the form of 
diesel exhaust and dust resulting from the operation of heavy equipment, are anticipated. 
However, once construction is complete, traffic and noise levels will return to pre-construction 
levels. Long-term operation of the Project is not expected to adversely impact rural lifestyles or 
create hardships for rural residents. The Proj ect will contribute to rural lifestyles by improving 
road conditions and access through the Project Area. Because operation of the Project is a 
compatible land use, the additional easement income for the agricultural landowners is expected 
to facilitate continued farming and ranching of the lands in agricultural production. Landowners 
will also be compensated for crop damage during Project construction and operations that impact 
agricultural lands. 
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Based on farmstead data collected by the Applicant, 297 structures, including residences, barns, 
silos, and other accessory buildings associated with farmsteads are located within the Project 
Area. 

The Applicant will execute lease options or purchase land rights to acquire private property 
required by the Project, in accordance with state and federal land acquisition requirements. Land 
rights will be recorded as part of the public record. Land for the substation and O&M facilities 
will be purchased. 

Approximately 1 33 residences (excluding accessory farmstead buildings and barns and silos), 
including 42 residences in the towns of Stockholm and 1 7  residences in the town of Waverly are 
located within the Project Area. According to the South Dakota GIS and farmstead data collected 
by the Applicant, five existing MET towers and one proposed MET tower is in the Project Area. 
The closest existing MET tower in proximity to a turbine is 560 feet of a proposed turbine (CRI-
1 20). The proposed MET tower is 734 feet from the nearest proposed turbine (CRI- 1 1 ) .  The 
minimum distances between an occupied residence, business, or governmental building and a 
proposed turbine location are summarized in Table 1 3  . 1 .2 .  Based on the proposed layout of the 
turbines, access roads, and collector lines, there will be no displacement of residences or 
businesses due to construction of Project facilities. 

Table 13.1.2 Requirements/Commitments 
Minimum 
Turbine S etback 
Distances 
Category 

State Requirements 

Setbacks Turbines shall be set back at least 500 feet or 1.1 times the height of the tower, 
whichever is greater, from any surrounding property line (SDCL 43- 1 3 -24). 

Codington County Requirements : 
Section 5.22.03 General Provisions (Vertical height of Tower 75' to 500') 

SetbacksCI) - 5 50 '  from parti cipating occupied resi denc e, bu si ness, church, or scho ol 
- 1,500 '  from non-parti cipating occupied residence, bu siness, chu rch , or 

school (within all Districts other than Town Districts) 
- 5 ,280 ' from non-par ti cipating occupied r esidence, business, church, or 

s chool (with in T own D i stri cts) 
- 5 ,280 ' from M un icipal B oundari es at th e time of C onditional U se 

Appl icati on 
- 1 1 0% of the height of the wind turbine from Right-of-Way of public roads<2) 

- 1 10% the height of the wind turbines from any property l ineC3) 

Exception: The Board of Acijustment may allow setback/separation distances to 
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be less than the established distances identified above if the road authority, 
participating or non-participating landowners, or municipality (by resolution 
of the governing body) agree to a lesser setback/separation distance. ,if 
approved, such agreement is to be recorded andfiled with the Codington 
County Zoning Officer. Said agreement shall be b inding upon the heirs, 
successors, and assigns of the title holder and shall pass with the land. 

Noise Noise level generated by wind energy system shall not exceed 50 dBA, 
average A-weighted Sound pressure level effects at the property line of 
existing non participating residences, businesses, and buildings owned and/or 
maintained by  a governmental entity<4l 

Flicker Analysis Flicker at any receptor shall not exceed thirty (30) hours per year within the 
analysis area for all schools, churches, businesses and occupied dwell ings 
within a one (1) mile radius of each turbine within a project. 

Exception: The Board of Adjustment may allow for a greater amount of flicker 
than identified above if the participating or non-participating landowners 
agree to said amount ofjlicker. lf approved, such agreement is to be recorded 
and filed with the Codington County Zoning Officer. Said agreement shall be 
binding upon the heirs, successors, and assigns of the title holder and shall 
pass with the land. 

Turbine Spacing The turbines shall be spaced no closer than three (3) rotor diameters (RD) 
(measurement of blades tip to tip) within a straight line. If required during final 
micro siting of the turbines to account for topographic conditions, up to ten 
(10 ) percent of the towers may be sited closer than the above spacing but the 
permittees shall minimize the need to site the turbines closer. 

1) Setback distance to be measured from the wall line of the neighboring principal building to the 
base of the WES tower. The vertical height of the wind turbine is measured from the ground surface 
to the tip of the blade when in a fully vertical position. 
2) The horizontal setback shall be measured from the base of the tower to the public right-of way. 
3) The horizontal setback shall he measured from the base of the tower to the adjoining property 
line unless wind easement has been obtained from adjoining property owner. 
4) Noise level measurements shall be made with a sound level meter using the A-weighting scale, 
in accordance with standards promulgated by the American National Standards Institute. An L90 
measurement shall be used and have a measurement period no less than ten minutes unless 
otherwise specified by the Board of Adjustment 

Grant County Requirements : 
Section 1211 .0 General Provisions 
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Setbacks(] ) - 1,500' from parti cip ating res idence, b us ines s ,  church, or s chool, 
b uilding owner and / or operated by a gove rnmental entity<2) 

- 1,500' from non-participating res idence, business, church, or school, building 
owned and/or operated by a govern mental entity 

- 5 ,280'  from M unic ipal Boundar ie s  exi sting at th e time of Conditi onal 
U s e  Permit Application 

- 500' or 1 10% of the vertical height of the wind turbine, whichever is greater, 
from Public Right-of-Way<3) 

- 500'  or 1 10% of the vertical height of the wind turbine, whichever  is greater, 
from any property line<4) 

Exception: The Board of Adjustment may allow setback/separation distances to 
be less than the established distances identified above if the road authority, 
participating or non-participating landowners, or municipality (by resolution 
of the governing body) agree to a lesser setback/separation distance. If 
approved, such agreement is to be recorded and.filed with the Register of 
Deeds. Signed agreement shall be binding upon the heirs, successors, and 
assigns of the title holder and shall pass with the land. 

Noise - Noise level shall not exceed 45 dBA, average A-weighted Sound pressure 
includin g cons tructive in terference effects measured twenty-five (25 )  feet from 
the perimeter of the exi s ting non-participating res idences, busines ses, and 
bui ldings owned and/or maintained by a governmental entity.cs) 
- Noi se  level shall not exceed 50 dBA, average A-weighted Sound pressure 
incl uding construct ive in terference effects measured twenty-five (25 ) feet from 
the perimeter of participating residences, b usi nesses, and buildi ngs owned 
and/or maintai ned by  a governmental entity. <5) 

F l icker Analys is Flicker at any receptor shall not exceed thirty (30) hours per year within the 
anal ysis area for al l schools, churches, businesses and occupied d well ings 
within a one (1) mile radius of each turbine within a project. 

Exception: Exception: The Board of Adjustment may allow for a greater 
amount of flicker than identified above if the participating or non-participating 
landowners agree to said amount of flicker. If approved, such agreement is to 
be recorded and.filed with the Grant County Register of Deeds. Said 
agreement shall be binding upon the heirs, successors, and assigns of the title 
holder and shall pass with the land. 

Turbine Spac ing The turbines shal l be spaced no closer together than three (3 ) rotor diameters 
(RD)  (measurement of blades  tip to t ip) wi thin a s tring. If requi red during fin al 
micro si tin g of the turbine s to account for topographic conditions, up t o  ten 
(10) percent of the towers may be  sited closer than the above spacing but the 
permittees shall minimize the need to site the turbines closer. 

1) Setback distance to be measured.from the wall line of the neighboring principal building to the 
base of the WES tower. The vertical height of the wind turbine is measured from the ground surface 
to the tip of the blade when in a fully vertical position. 
2) No less than 1 10% of the vertical height of the wind turbine if agreed upon by participating 
entity. 
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3) The horizontal setback shall be measured.from the base of the tower to the public right-of-way. 
4) The horizontal setback shall be measured from the base of the tower to the ac{joining property 
line unless wind easement has been obtained.from ac{joining property owner. 
5) Noise level measurements shall be made with a sound level meter using the A-weighting scale, 
in accordance with standards promulgated by the American National Standards Institute. A L90 
measurement shall be used and have a measurement period no less than ten (1 OJ minutes unless 
otherwise specified by the Board of Ac{justment 

Voluntary 

Setbacks, Applicant voluntaril y agreed to meet the setbacks, noise and shadow flicker 
Noise, requiremen ts before the new ordinances were formerly adopted 
Flicker Analysis 

Punished The turbines will be set back at leas t I -mile from the shoreline of Punished 
Woman's Lake Woman' s  Lake. 

13.2 Public Lands and Conservation Easements 

13.2 .1  Existing Public Lands and Conservation Easements 

Public lands within the Project Area consist of privately owned lands that are leased by the 
SDGFP as Waterfowl Production Areas, Grune Production Areas, and WIAs. Waterfowl 
Production Areas are managed to protect habitat for waterfowl and migratory birds. Game 
Production Areas are managed to provide wildlife habitat, improve production of wildlife, and 
provide opportunities for wildlife viewing and hunting. Walk-in Areas allow public hunting on 
private lands with agreements lasting one to three years . Table 1 3 .2 . 1  indicates the acreage of 
public lands within the Project Area (Figure 2). 

Table 13.2.1 Public Lands in the Project Area 

Land Type 

Waterfowl Production Areas 

Game Production Areas 

Walk-in areas 

Total 

Area 
(acres) 

4.3 

3.5 

1,335.2 

1,343 

Easement 
Parcels 
(number) 

2 

8 

3 

13 

Conservation easements within the Project Area include USFWS wetland easements, grassland 
easements, wetland/grassland combination easements, and Farmers Home Administration (FHA) 
easements. There are approximately 8,90 1 .6 acres of wetland, grassland, or wetland/grassland 
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combination easements in the Project Area (Table 1 3 .2.2) . Within wetland easements, the 
USFWS and private landowners agree to avoid impacts to specific wetlands . These wetlands are 
referred to as protected basins. 

Table 13.2.2 Conservation Easements in the Project Area 

Area 
Easement 

Easement Type Parcels 
(acres) 

(number) 

Grassland Easement 96.0 3 

Wetland  Easement 3 ,942.0 28 

Wetland/Grassland Easement 4,863.6 18  

TOTAL 8,901 .6 49 

13.2.2 Impacts/Mitigation to Public Lands and Conservation Easements 

Three turbines and associated infrastructure are placed on WIAs. Walk-in Areas are privately
owned areas that are accessible to the public for hunting. Walk-In Areas may be temporarily 
disrupted for Project construction. The Applicant will coordinate with landowners regarding 
impacts and access to Walk-in areas during construction. 

No turbines or other infrastructure have been sited on grassland, wetland/grassland combination 
easements, or on FHA easements. Seven turbines and associated infrastructure have been sited 
on parcels containing wetland easements. No turbines or other infrastructure have been sited in, 
or directly adjacent to, protected basins . Construction of any access road or turbine in proximity 
to a protected basin will include additional protective measures including, but not limited to, 
erosion control measures and SWPPP BMPs (see Section 1 0.2.2). No turbines or other 
infrastructure will be placed on grassland or wetland/grassland combination easements within the 
Project Construction Easement. 

13.3 Sound 

The primary land use surrounding the Project is agricultural and consists of farms with dispersed 
recreation areas, fishing areas, and lakes. Farming activities and vehicle traffic on county and 
local roads account for the largest amount of sound within the Project Construction Easement. 
The cities of South Shore, Strandburg, and Twin Brooks lie outside of the Project boundary 
while the communities of Waverly, Stockholm, and Troy are located within the Project Area 
boundary. 
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13.3.1 Existing Sound Levels and Regulatory Framework 

13.3.1 . 1  Sound Terminology 
Sound, also referred to as noise, is measured on a logarithmic scale in units of decibels ( dB). 
Human hearing is not equally sensitive to all frequencies of sound, and the A-weighted decibel 
(dBA) scale most closely corresponds to the frequency sensitivity range for human hearing. 
Sound levels capable of being heard by humans are measured in dBA (Table 1 3 . 1 . 1 . 1 ) .  
Cumulative sound increases along the scale of  human perception in a logarithmic scale with 
sound levels at less than 3 dBA being barely perceptible and changes in sound levels over 20 
dBA being dramatically perceived. 

Table 13.3.1 . 1  Typical human response to A-weighted decibel sound (dBA) 

Sound Pressure Level 
(dBA) 

Less than 3 dBA 
5 dBA 
l0 dBA 
20 dBA 

Human perception 

Barely perceptible 
Clearly noticeable 
Doubling o r  halving of loudness 
Dramatic change in loudness 

Existing sound in rural areas varies between 40 and 50 dBA, with sound in suburban areas is 
generally between 50  and 60 dBA, and sound in urban areas ranges from 60 to 70 dBA (Smith et 
al . 1 999). General background sounds such as a quiet rural area, a whisper, a library, and a quiet 
suburb are under 50 dBA. Sounds in urban areas include conversations in restaurants, offices, 
and running of household items, such as a dishwasher, vacuum, or radio .  Everyday common 
sound levels are noted in Table 1 3 .3 . 1 . l a. Higher sound levels, generally those between 80 to 
1 80 dBA, include jet takeoffs, motorcycles, concerts, stadium noise, shotguns, and a rocket 
launch (Noise Help 20 1 7 ; IAC Acoustics 20 1 7). Figure 1 4  shows select common sound levels in 
the environment. 

Table 13.3 .1 .la Sound source examples of A-weighted decibel noise (dBA) 

Sound Pressure Level 
(dBA) 

10 
20 
30 
40 
50 
60 

70 

Noise Source Example(s) 

A pin dropping 
Rustling leaves 

Air conditioner at 100 ft.; conversation i n  
restaurant, office, background music 
Dishwasher; vacuum cleaner; radio; 

assen er car at 65 m h; Excavation 
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80 

90 

100 

1 1 0 

1 20 
1 3 0  

140 
1 50 

160 
1 70 

1 80 

equipment (loader, dump truck, concrete 
mixer truck, ai r compressor) 
Garbage Disposal, car wash, propeller plane 
flyover at 1 ,000 ft.; diesel truck at 40 mph, 
Excavation equipment (grader, bulldozer, 
excavator, concrete truck) 
Boeing 73 7 at one nautical mile; lawn mower 
Motorcycle ( riding); garbage truck; j et 
flyover at 1,000 ft. 
Concert with live rock music; j ackhammer; 
steel mill, automobile horn at 1 meter 
Thunderclap; chainsaw; oxygen torch 
Peak stadi um crowd noise 
Jet engine at takeoff; air craft carrier deck 
Fighter jet launch 
Shotgun 
Safety airbag 
Rocket launch 

Sources: Noise Help 201 7; /AC Acoustics 20/ 7. 

13.3.1 .2 Sound Regulations 
The state of South Dakota does not have regulatory sound limits for wind turbines. Codington 
County and Grant County ordinances do have regulatory sound limits for wind turbines. 

The Codington County Zoning Ordinance #68 ,  Section 5 .22 .03 . 1 2  prescribes sound limits for 
wind turbine projects :  

" 1 2 . Noise 

a) Noise level generated by wind energy system shall not exceed 50 dBA, average A 
weighted sound pressure including constructive interference level effects at the property 
line of existing off site non participating residences, businesses, and buildings owned 
and/or maintained by a governmental entity. 

b) Noise level measurements shall be made with a sound level meter using the A
weighting scale, in accordance with standards promulgated by the American National 
Standards Institute. An L90 measurement shall be used and have a measurement period 
no less than ten minutes unless otherwise specified by the Board of Adjustment." 

Grant County' s  current Ordinance, 20 1 6-0 l C, Section 1 2 1 1 .04, paragraph 1 4  prescribes sound 
limits for wind turbine projects as follows : 

" 1 4Noise. Noise level shall not exceed 45 dBA, average A-weighted Sound pressure 
including constructive interference effects measured twenty-five (25) feet from the 
perimeter of existing off-site non-participating residences, businesses, and buildings 
owned and/or maintained by a governmental entity . 

8 1  

Exhibit A1

 
007035

ADMINISTRATIVE RECORD - Scan 4 - Page 92 of 139

- Page 2209 -



Noise level shall not exceed 50 dBA, average A-weighted Sound pressure including 

constructive interference effects measured twenty-five (25) feet from the perimeter of 

participating residences, businesses, and buildings owned and/or maintained by a 

governmental entity. 

Noise level measurements shall be made with a sound level meter using the A-weighting 

scale, in accordance with standards promulgated by the American National Standards 

Institute. A L90 measurement shall be used and have a measurement period no less than 

ten ( 1 0) minutes unless otherwise specified by the Board of Adjustment." 

Codington County's  sound limit is 50 dBA and is only applicable at the property line of existing 

non-participating residences, businesses and government buildings. Although not required by the 

county, the sound pressure levels at participating property boundaries and participating and 

non□participating occupied structures (i.e., residences, business, and buildings) within 2 

kilometers of a wind turbine also were evaluated. Grant County's  current applicable sound limit 

is 45 dBA for all nonparticipating, and 50 dBA for all participating, existing off site residences, 

businesses, and buildings owned and/or maintained by a governmental entity. 

13.3.2 Sound Level Impacts/Mitigation 

13.3.2.1 Construction Sound Levels 

Construction activities will generate short-term and intermittent noise that may affect nearby 

residences on a short-term basis. Short duration construction noises may range depending on 

equipment used and the operation being performed but may typically range from 70 to 1 00 dBA 

for construction equipment such as air compressors, backhoes, concrete mixers, cranes, dozers, 

generators, jackhammers, scrapers, shovels, and trucks (Table 1 3  .3 . 1 . 1  a; Federal Transit 

Administration 2006). Sounds levels are expected to be quieter for areas farther away from 

facilities. 

During construction, noise levels will be minimized by ensuring that construction equipment is 

equipped with working mufflers to minimize noise levels. Construction activities generally will 

be limited to the hours of 7 a.m. to 9 p.m. Major construction activities for the windfarm ideally 

will begin in August 201 9  and complete December 201 9. No additional mitigation measures are 

necessary as there will be minimal noise impacts from Project. 

13.3.2.2 Operational Sound Levels 

Sound from operational activities includes the sound of the wind turbine rotor blades interacting 

with air flow as they tum. The level of sound is based on the speed of the turbine and the 

distance of the listener to the turbine. The wind turbine nacelle, where the mechanical and 

electrical equipment is housed, will also create sound, but is designed to reduce noise from the 

turbine through vibration of the mounts, gears, and acoustic insulation. 
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The Applicant conducted a preliminary sound assessment of the wind turbine specifications to be 
used on the project (EAPC 201 9; Appendix H). According to the GE sound documentation, the 
loudest normal operating sound pressure level emitted from the 2 .3  1 1 6 is 1 07 .5 at 1 0  mis and 
higher at 90 m AGL. Since the value is reported at hub height, it is the same value for both 80-
meter and 90-meter hub height turbines. 

Table 13.3.2.2 Crowned Ridge wind turbine specifications 

Cut-In 
Cut- Max. 

Hub Rotor Out Max. Sound Sound 
Manufacturer Model 

Wind 
Height Diameter 

Speed 
Wind Press. Level Press. Level 

(m) (m) 
(m/s) 

Speed (dBA) LNTE 
(m/s) (dBA) 

General GE 
Electric 

80 
2.3 

1 1 6 3 22 1 07 .5  1 06 

General GE 
90 1 1 6 3 22 1 07 .5 

Electric 2.3 
1 06 

Source: EAPC 2019 

A sound analysis was conducted for the Project Area by EAPC utilizing wind PRO and the ISO 
96 1 3 -2 "Attenuation of sound during propagation outdoors, Part 2" sound calculation model with 
"General" ground attenuation and an attenuation factor of 0 .5 ,  which represents a typical mixed 
vegetation (i .e . ,  prairie grass, weeds, brush) and crop cover (EAPC 20 1 9). Realistic sound 
pressure levels were calculated at 1 .5 m AGL at the participating and non□participating existing 
occupied structures and occupied parcel boundaries (Codington County only) . The term 
"realistic" in this case, means that some amount of ground attenuation is accounted for (EAPC 
20 1 9) .  

The inputs for the windPRO sound calculation include the following: 

• Turbine Coordinates 
• Turbine Specifications 
• Turbine Sound Emission Data 
• Sound Receptor Coordinates 
• Participation Status 
• USGS Digital Elevation Model (DEM) (height contour data) 
• Uncertainty Factor 
• Meteorological Conditions 
• Ground Attenuation 
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The sound analysis indicates that no non□participating existing residences will be above 45 .0 
dBA. Therefore, the project will be compliant with Codington and Grant County' s allowable 
sound pressure levels as described in their respective ordinances (EAPC 201 9). 

Table 13.3.2 .2a. Summary of Sound Assessment 

Noise Maximum 

Limit Predicted 

County Feature (dBA) (dBA) 

Codington Participat i ng Occupied Structures NIA 47.9 

Non-Participating Occupied Structures NIA 45 

Participating Occupied Parcel Boundary Lines NIA 53.6 

Non-participat ing Occupied Parcel Boundary Lines 50 48.8 

Grant Participat ing Occupied St ructures 50 45.3 

Non-Participat ing Occupied Structures 45 43 

Impacts to nearby residents and other potentially affected parties in terms of sound have been 
taken into consideration as part of the turbine siting. The Applicant proposes siting turbines no 
closer than 1 ,5 00 feet from non-participating residences in both Codington and Grant County and 
550  feet from participating residences in Codington County or 1 ,500 feet in Grant County to 
meet or exceed the siting requirements with the County Ordinances of 50  dBA to the property 
line of non-participating residences in Codington and 45 dBA measured 25 feet from the 
perimeter of existing non-participating residences in Grant County. To the extent that the sound 
characteristics of the selected turbine vary, the Applicant will ensure compliance with County 
noise standards. The array layout has been modeled to help ensure cumulative impacts from all 
wind turbines, and maximum calculated noise levels for all turbine models, are below the County 
noise limits at residential, business, and government building receptors. 

13.4 Shadow Flicker 

Shadow flicker from wind turbines occurs when rotating wind turbine blades move between the 
sun and the observer. Shadow flicker is generally experienced in areas near wind turbines where 
the distance between the observer and wind turbine blade is  short enough that sunlight has not 
been significantly diffused by the atmosphere. When the blades rotate, this shadow creates a 
pulsating effect, known as shadow flicker. If the blade' s  shadow is passing over the window of a 
building, it will have the effect of increasing and decreasing the light intensity in the room at a 
low frequency in the range of 0 .4 to 0.78 Hz, hence the term "flicker." In this case, with a 
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maximum rotational speed of 1 5 .6 rpm for the GE 2.3 1 1 6, the frequency will be 0 .78 Hz. This 
flickering effect can also be experienced outdoors, but the effect is typically less noticeable, and 
becomes less noticeable when farther from the wind turbine causing the flicker. (EAPC 20 1 9) .  

Shadow flicker can be influenced by various factors such as distance to turbine, angle of sun, 
time of year, time of day, environment around the turbine, and climate, and is more noticeable 
the closer the turbine is to the object, house, or person. This flickering effect is most noticeable 
within approximately 1 ,000 meters of the turbine and becomes more and more diffused as the 
distance increases. Beyond 1 ,700 meters, the shadow flicker effects are indistinguishable (EAPC 
20 1 9). The farther away from the turbine, the less effect of shadow flicker. The time of year also 
influences shadow flicker, which is greatest in the winter months when the angle of sun is lower 
and casts longer shadows. It is also more pronounced around sunrise and sunset when the sun is 
near the horizon. Trees and buildings and other obstacles can reduce shadow flicker effects and 
they provide their own shadows. Climate and weather can increase or decrease the amount of 
shadow flicker depending on when the sun is present or blocked by clouds, or if bad weather or 
lack of wind means that the turbines are not in operation. 

While there are no explicit state regulations on the limit the number of shadow flicker hours 
allowed, the shadow flicker ordinances of both Codington and Grant Counties limit the 
maximum number of shadow flicker to 30  hours per year at occupied structures. Both Grant and 
Codington County allow shadow flicker to exceed 30 hours per year either at either a 
participating or non-participating landowner if waived in writing with an agreement that is 
recorded and filed with the County Register of Deeds. 

For the turbine array provided, no occupied structure experienced more than 29 hours and 50 
minutes of shadow flicker per year based on realistic assumptions regarding operational time and 
sunshine probability (Table 1 3 .4. 1 ;  Appendix I). 

Table 13.4.1.  Summary of Shadow Flicker Assessment 

Shadow Maximum 

Limit Predicted 

County Feature (hr/yr) (hr/yr) 

Codington Participating Occupied Structures 30 28 :42 

Non-Participating Occupied Structures 30 28 :20 

Grant Participating Occupied Structures 30 29:50 

Non-Participating Occupied Structures 30 25 : 18 
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13.5 Electromagnetic Interference 

Power frequency electric and magnetic fields (EMF) are created wherever electricity flows, 

which includes the wiring in homes and schools, power lines, and the electrical equipment and 

devices we use at work and home. Leading U.S. and international scientific organizations, such 

as the National Cancer Institute and the World Health Organization, have evaluated EMF 

research. These organizations generally conclude that overall the body of scientific research does 

not show that exposure to EMF causes or contributes to any type of cancer or any other disease 

or illness (NIEHS 1999). 

13.6 Visual Resources 

Landscapes that include a balance of diversity and harmony have the highest potential for scenic 

value and may be considered important to persons living in or traveling through a region. Viewer 

perception is founded on two items: the sensitivity and magnitude of the viewer's concern for the 

view shed, and exposure (i.e., function of the type, distance, perspective, and duration of the 

view). Sensitive visual and aesthetic resources within the Project Area include historical 

structures, open space, and water resources. 

13.6.1 Existing Visual Resources 

Dominant visual characteristic in the Project Area is agricultural land (both cultivated and 

grazed) followed by a mixture of rural residential, wetlands, and water features. Constructed 

infrastructure, including homes, county roads, barns, silos, and other structures exist throughout 

the Project Area but not within the Project Construction Easement, except for roads. Other visual 

characteristics common in the Project Area include communication and transmission lines, MET 

towers, cell towers. Wind turbines have also been constructed adjacent to the Project Area in 

Brookings and Deuel Counties. Area topography includes a well-developed drainage network 

and tilled agriculture along the Big Sioux Basin. However, along the Prairie Coteau Escarpment, 

steep slopes are present, and undulating topography is present within the Prairie Coteau zone. 

Visual topographic characteristics include seasonal and semi-permanent wetlands, hummocks, 

hills, perennial streams, and flat land areas. Topography and project elevation are discussed in 

detail in Section 9. Project topography is shown in Figure 8 .  

13.6.2 Visual Impacts 

The degree to which the Project will be visible will vary by location. The Project will frequently 

be visible to landowners who live along or near the Project, or residents who travel the roads 

near the Project. However, constructed features (e.g., existing utility lines), topography, and 

natural landscape features such as tree cover, in relation to a viewer's physical location, may 

impede view of the Project. Generally, the Project also will be visible outside of local 

communities, such as Watertown and Milbank. The Project also will be visible to local and 
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regional travelers along State Highway 29 and County Road 1 23 and 2 12  and recreational users 

on WIAs and public lands. 

The primary visual impact from the Project will include the introduction of additional vertical 

and horizontal lines on the horizon from wind turbines and transmission lines. Structures will be 

visible during the day due to visual contrast and potential surface glare, and at night with 

potential lighting. 

The Applicant utilizes measures to minimize the impact the Project will have upon existing 

scenic integrity including incorporating County setback requirements and commitments in the 

Project design (see Table 1 3 . 1 .2). Many areas near the Project Area currently are visually 

impacted by existing roadways and local transmission lines. Placement of infrastructure will be 

designed to minimize visual impacts to scenic locations and maximize the feasible distance from 

road and trail crossings. The Applicant will use care to preserve the natural landscape and 

prevent impacts to the natural surroundings where feasible. 

The Project's wind towers will be marked as required by the FAA. In an attempt to further 

reduce visual impacts, CR W voluntarily agreed to apply for the use of an Aircraft Detection 

Lighting System (ADLS). The use of an ADLS is subject to FAA approval and CRW will install 

an ADLS within I -year of approval by FM for the Project. The ADLS turns on its lights when 

it detects an aircraft within a designated range and minimizes negative view shed impacts for 

residents. In the event FAA does not approve the use of an ADLS system, CRW will comply 

with all lighting and markings otherwise required by FAA. CR W intends to apply for the use of 

an ADLS upon receiving the necessary DNHs from the FM which is expected in the second 

quarter of 201 9. 
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14.0 Local Land Use Controls (ARSD 20: 10:22 : 19) 

ARSD 20:10:22:19. Local land use controls. The applicant shall provide a general description of local 
land use controls and the manner in which the proposed facility will comply with the local land use 
zoning or building rules, regulations or ordinances. If the proposed facility violates local land use 
controls, the applicant shall provide the commission with a detailed explanation of the reasons why the 
proposed facility should preempt the local controls. The explanation shall include a detailed description 
of the restrictiveness of the local controls in view of existing technology, factors of cost, economics, needs 
of parties, or any additional information to aid the commission in determining whether a permit may 
supersede or preempt a local control pursuant to SDCL 49-4JB-28. 

The Project will be constructed in accordance with Section 5.22 of the Codington County 

Comprehensive Zoning Regulations and Section 1 2. 1 1 . 1 .0 of the Grant County Compiled Zoning 

Ordinances and land use control policies. Comprehensive land use plans are available for 

Codington and Grant Counties. Construction of the Project will comply with applicable local 

ordinances as discussed in Section 24.0 and are consistent with the Codington County 

Comprehensive Land Use Plan and the Grant County Comprehensive Land Use Plan. 

The setback distances adopted by Codington and Grant Counties are summarized in Table 1 3  . 1 .2 

and compliance with these requirements will minimize land use impacts from the Project. 

In preparing this Application, the Applicant submitted the following local land use permit 

applications: 

• A combined application for a Conditional Use Permit (CUP) to Codington County dated 

June 8, 20 1 8, for the Crowned Ridge Wind and Crowned Ridge Wind II wind energy 

systems. The Applicant obtained the CUP from Codington County on July 1 6, 201 8  

containing conditions as displayed in Appendix J. 

• A combined application for a CUP to Grant County dated September 1 7, 20 1 8, for the 

Crowned Ridge Wind and Crowned Ridge Wind II wind energy systems. The Applicant 

obtained the CUP from Grant County on December 1 7, 201 8  containing conditions as 

displayed in Appendix J. 

• An application for a CUP to Grant County dated February 8, 201 7  was submitted by 

Cattle Ridge Wind Farm, LLC, a subsidiary of Geronimo Energy, LLC. Cattle Ridge 

Wind Farm, LLC obtained the CUP from Grant County on March 1 3, 201 7. Cattle Ridge 

Wind Farm, LLC was acquired by the CRW on November 22, 201 7  for inclusion with 

the Project. 
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15.0 Water Quality (ARSD 20: 10:22:20) 

ARSD 20:10:22:20. Water quality. The applicant shall provide evidence that the proposed facility will 
comply with all water quality standards and regulations of any federal or state agency having jurisdiction 
and any variances permitted. 

15.1 Existing Water Quality 

Section 303(d) of the federal Clean Water Act requires that the states develop a list of 

waterbodies that do not meet their designated uses due to excess pollutants (impaired waters) and 

to determine total maximum daily loads of all pollutants from all sources that a waterbody can 

receive and still meet applicable water quality standards. The 303(d) list of impaired waters is 

issued every 2 years and is based on violations of water quality standards. Review of the 201 8  

list (SDDENR 201 8) indicates that Project Construction Easements do not cross any waterbodies 

that are listed as impaired by the U.S. Environmental Protection Agency (USEP A). 

15.2 Water Quality Potential Impacts/Mitigation 

During the construction of the Project there is a potential for sediment from disturbed lands or 

other contaminants to reach surface waterbodies because of excavation, grading, equipment 

operation, construction traffic, or other unforeseen circumstances If land surface erosion or other 

potential contaminant sources are not controlled during construction, the quality of any receiving 

surface waterbodies has the potential to be affected. 

Construction of the Project will avoid surface waterbodies to the extent feasible to minimize the 

potential for direct impacts to these resources. Because wind turbine towers are generally located 

at higher elevations within the Project Area to maximize wind exposure, impacts to surface 

waterbodies and drainageways from the turbine sites are not anticipated. Collection line routes 

and access road locations have been selected to avoid wetlands and other waterbodies to the 

extent practicable, but some infrastructure may cross streams, intermittent drainageways, and 

wetlands at various locations. If trenching through drainageways is needed, temporary impacts to 

surface drainage patterns may occur during construction. However, these impacts will be short

lived, and existing contours and drainage patterns will be restored. To avoid impacts to perennial 

streams, horizontal directional drilling will be used to bore underneath streams for installation of 

the underground collection lines. Where access road crossings of streams or drainageway cannot 

be avoided, appropriately designed culverts will be installed to maintain the free flow of water 

and therefore, the Project will not result in changes to the existing drainage patterns within the 

Project Area. 

If direct and permanent impacts are expected as a result of infrastructure placement, the Applicant 

will keep all crossings of potentially jurisdictional wetlands and waters under the 0. 1 0-acre 

threshold of permanent impacts to remain eligible for using NWP 12.  There are approximately 
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1 6.9 acres of NWI wetlands and freshwater ponds that are crossed by the Project Construction 

Easement (see Table 1 0.2. 1 .2). For wetland areas, authorized construction methods (e.g., 

trenching, temporary filling, etc.) under NWP 12 will be utilized and appropriate storm water 

BMPs will be implemented to minimize surface water impacts. 

Due to the nature and extent of the construction activity, the Applicant will obtain a National 

Pollutant Discharge Elimination System (NPDES) General Permit Authorizing Stormwater er 

Discharges Associated with Construction Activities (SDRl 00000) issued by the SDDENR. As 

required by that permit, the Applicant will prepare and implement a SWPPP that prescribes storm 

water BMPs to control erosion and subsequent sedimentation from construction activities. BMPs 

may include the use of silt fences, straw wattles, erosion control blankets, water bars, vegetative 

buffers, or other methods to control storm water runoff and mitigate erosion and sedimentation. 

Additionally, the SWPPP will include a Spill Prevention and Response Procedures section that 

will describe procedures to prevent spills of petroleum products and other hazardous materials, 

actions to take for an effective response to stop and control any spill, when and how to notify 

appropriate regulatory agencies, and how wastes generated during cleanup activities will be 

managed and properly disposed. 

Once Project construction has been completed, no significant impact to surface water quality is 

expected because wetland and waterbody impacts will have been avoided or minimized, and 

disturbed land will be restored to as close to pre-construction conditions as possible, as required 

by Section 3 .20 of the general permit and the SWPPP. Any spills of petroleum products or other 

hazardous our toxic materials will be remediated, and the land restored to pre-construction 

conditions as much as possible. 

The Applicant will implement BMPs during construction of the Project to protect topsoil and 

adjacent waterbodies and minimize soil erosion. Structural and non-structural erosion and 

sediment control practices will be employed to minimize the potential for contaminants to be 

discharged to surface waterbodies. Structural BMPs include, but are not limited to: 

• Place stockpiled materials away from surface waterbodies and shorelines; 

• Control storm water run-on and runoff; 

• Segregate and stockpile topsoil separately in areas where topsoil is removed. Topsoil will 

be re-spread after construction has been completed. In temporary crane paths, the laydown 

area, or other areas where the topsoil has become compacted, the topsoil will be 

decompacted prior to reseeding; 

• Install temporary control measures, such as silt fences, straw wattles, erosion control 

blankets, check dams, surface roughening, and seeding to protect disturbed soils; and, 

• Disturbed areas will be reseeded and revegetated. 

Non-structural BMPs include, but are not limited to : 
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• Develop and implement a SWPPP; 

• Schedule earth-disturbing activities to times when precipitation events are less-likely to 

occur; 

• Regularly water disturbed areas to control dust; 

• Develop and maintain inspection schedules and correct deficiencies noted during these 

inspections; 

• Perform routine trash collection and grounds maintenance; store collected trash in 

containers (with lids) for disposal at a suitable offsite facility; and, 

• Familiarize employees with good housekeeping procedures, tips, reminders, and pollution 

prevention concepts. 
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16.0 Air Quality (ARSD 20: 10:22 :21) 

ARSD 20:10:22:21. Air quality. The applicant shall provide evidence that the proposed facility will 
comply with all air quality standards and regulations of any federal or state agency having jurisdiction 
and any variances permitted. 

16.1 Existing Air 

The State of South Dakota follows ambient air quality goals and standards as defined under the 

federal government regulations (ARSD 74:36:02). The nearest Ambient Air Quality Monitoring 

Site is located in Watertown in Codington County, South Dakota, southeast of the Project. The 

primary emission sources within the Project Area include agricultural-related equipment and 

vehicles traveling along state highways or county roads. 

The existing air quality of the Watertown region is good, based on the air quality index 

established by the USEP A under federal regulations. The Project Study Area has limited air 

pollutant emissions. The Brookings and Watertown area has only exceeded the 24-hour 

particulate matter 1 0  microns in diameter or less (PM 1 0) standard three times in the 27 years the 

measurement system has been in operation. These exceeding events were due to high wind 

events casing fugitive dust levels to exceed the 24-hour standard (SDDENR 201 4). Fugitive dust 

emissions are generated from wind erosion of disturbed areas and may affect both rural and 

urban environments. Air quality pollutant emissions include particulate matter such as fine dust 

from vehicle travel on unpaved roads; agricultural activities; other wind-blown dust and air 

pollutants; ozone or ground-level smog such as carbon monoxide; and sulfur dioxide and 

nitrogen oxides from vehicles, stationary sources burning coal and oil, electric utilities, and 

industrial boilers. Sulfur dioxide and nitrogen oxide are monitored in Sioux Falls, which is the 

closest monitoring station to the Project Study Area that monitors these elements (SDDENR 

20 1 8b). 

16.2 Air Quality Impacts/Mitigation 

Temporary impacts to air quality are expected as a result of Project construction. Construction 

activities may result in increased short-term airborne dust/particulate matter and construction 

equipment and vehicle emissions. Construction activities may include ROW clearing, hauling 

and excavation that could generate dust; airborne mobilization of dust particles constitutes wind 

erosion that will be addressed in the SWPPP. These impacts are temporary, and no long-term 

impacts are anticipated from construction activities. No impacts from Project operation are 

anticipated nor will the Project produce air emissions that will impact the surrounding area. 

The entire state of South Dakota is in attainment for all criteria pollutants (USEPA 201 8). 

Therefore, general conformity is not applicable. The Applicant will use standard BMPs to 
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minimize air quality pollution emissions. Such BMPs may include dust suppression/control, and 

reclamation during and after construction, as required by the SWPPP and/or Codington County 

and Grant County Haul Road permits that may be required. 
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1 7.0 Time Schedule (ARSD 20: 10:22 :22) 

ARSD 20:10:22:22. Time schedule. The applicant shall provide estimated time schedules for 
accomplishment of major events in the commencement and duration of construction of the proposed 
facility. 

Table 17-1.  Permitting and Construction Schedule 

Milestone Date 

Land Leasing 2006 to Spring of 20 19  

Environmental Studies 2008 to 20 1 9  

County Conditional Use Permits 20 1 8  

SDPUC Facility Permit January 20 1 9  to July 20 1 9  

Pre-construction Engineering 20 1 7  to 20 1 9  

Finalize layout December 20 1 8  

Construction August 20 1 9  to December 20 19  

Commercial Operations Date No later than Q l  2020 
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18.0 Community Impact (ARSD 20: 10:22 :23) 

ARSD 20:10:22:23. Community impact. The applicant shall include an identification and analysis of the 
effects the construction, operation, and maintenance of the proposed facility will have on the anticipated 
affected area including the following: 

(1) A forecast of the impact on commercial and industrial sectors, housing, land values, labor market, 
health facilities, energy, sewage and water, solid waste management facilities, fire protection, law 
eriforcement, recreational facilities, schools, transportation facilities, and other community and 
government facilities or services; 
(2) A forecast of the immediate and long-range impact of property and other taxes of the affected 
taxing jurisdictions; 
(3) A forecast of the impact on agricultural production and uses; 
(4) A forecast of the impact on population, income, occupational distribution, and integration and 
cohesion of communities; 
(5) A forecast of the impact on transportation facilities; 
(6) A forecast of the impact on landmarks and cultural resources of historic, religious, 
archaeological, scenic, natural, or other cultural significance. The iriformation shall include the 
applicant's plans to coordinate with the local and state office of disaster services in the event of 
accidental release of contaminants from the proposed facility; and 
(7) An indication of means of ameliorating negative social impact of the facility development. 

This section describes the main community characteristics in and around the Project Study Area, 

including the Project's impacts on socioeconomics, community resources, agriculture, 

transportation, and cultural resources. Socioeconomic variables evaluated include population, 

minority populations, poverty, employment and income, and housing. These variables were 

obtained or derived from 201 0 and 201 6  U.S. Census Bureau data and projections. 

18.1 Socioeconomic and Community Resources 

The socioeconomics analysis area is Codington and Grant Counties. Data for the City of 

Watertown and the State of South Dakota are used occasionally for comparison purposes. 

18.1.1 Existing Socioeconomic and Community Resources 

Table 1 8 . 1 . 1  summarizes select demographic factors for Watertown, Codington County, Grant 

County, and South Dakota. Watertown's percentage of minorities is lower than Codington 

County and the state as a whole. The percent of population living below the poverty level is 

highest for the state, followed by Watertown, Codington County, and Grant County. 
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Table 18.1.1 Socioeconomic factors in select regions 

Minority Population Below 
Location Population Populations Poverty Level 

Per Capita 
Income 

(Percent) (Percent) 

Watertown 2 1 ,482 5 .2 1 1 . 1 $26,389 

Codington 
27,227 5.7 10.8 $26,767 

Co. 

Grant Co. 7, 148 2 .9 9.2 $26,74 1 

State of South 
814, 1 80 14.1 13.5 $26,747 

Dakota 

Source: US. Census Bureau 2010 

The median annual household income in 20 1 0  was $46,766 in Watertown, $48,9 1 2  in Codington 
County, $5 1 ,272 in Grant County, and $50,957 in the state of South Dakota. The median annual 
household income accounts for multiple household earners, whereas the per capita income 
(Table 1 8 . 1 . 1 )  is the average income earned by each person in a given area so that multiple 
income earners in the same family or household are counted separately. Using 20 1 5  inflation
adjusted dollars, the per capita income in Watertown was $26,389, in Codington County was 
$26,787, and in Grant County was $26,74 1 ,  while the per capital income for the state was 
$26,747. The percentage of persons living below the poverty level ranked highest at the state 
level at 1 3 .  7%, followed by Watertown at 1 1 . 1  %, Codington County at 1 0 .3%, and Grant 
County at 9.2%. 

As shown in Table 1 8 . 1 . la, the largest employment and labor markets by occupation m 
Watertown and Codington County are similar and consist of sales and administration (27.3 % 
and 25 .9%, respectively), production and transportation ( 1 7 .9% and 1 7.4%, respectively), 
science and arts, including health facilities (9.7% and 9.9%, respectively) , management (6 .9% 
and 8 .7%, respectively), and construction and extraction (5 .6% for each region) . The largest 
employment and labor markets by occupation in Grant County are sales and administration 
(25 .4%), management ( 1 5 . 8%), production and transportation (8 .7%), farming (8 .2%), and 
construction and extraction (5 . 8%). The three largest employment industries in Watertown and 
Codington County are similar and include manufacturing (2 1 .6% and 20.2%, respectively), 
educational and healthcare services ( 1 6 .9% and 1 6 .4%, respectively), and retail trade ( 1 3 . 1  % 
and 1 2.2%, respectively) . The three largest employment industries in Grant County are 
agricultural ( 1 6 .7%), educational and healthcare services ( 1 6.3%), and wholesale trade (8 .7%) 
(U.S .  Census Bureau 20 1 0) .  Smaller industries and labor markets with fewer employees in 
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Watertown, Codington County, and Grant County include infrastructure, fire protection, law 
enforcement, recreational facilities, schools, and other community or government services. 

Table 18.1. la Employment by occupation in select regions, shown as percent of employed persons 

Codington Grant 
Industry/Labor Market Watertown 

Co. Co. 

Sales and Administration 27.3 25.9 25 .4 

Production and Transportation 1 7 .9 1 7 .4 8.7 

Science and Arts, including Health Facilities 9.7 9 .9 5 . 5  

Management 6.9 8 .7 1 5 .8 

Farming 1 .4 2.2 8 .2 

Construction and Extraction 5 .6 5 .6 5 .8 

Installation, Maintenance, and Repair 3 .7 3 . 5  5 .3 

Business 3 . 1 3 .0 2.6 

Current housing and land values in the region are similar across all areas. In 20 1 6, the U.S .  
Census Bureau reported 1 0,050 housing units in Watertown, 1 2,937 housing units in Codington 
County, and 3 ,572 housing units in Grant County. The Codington County 201 6  data reflect a 
4 .36% increase in housing units when compared with 20 1 0  Census data, and the Grant County 
20 1 6  data shows a 1 .99% increase. Watertown shows a 4 .06% increase since 20 1 0. In 20 1 0, the 
median value of owner-occupied housing units in Watertown and Codington County were 
similar at $ 1 44,900 and $ 145 ,500, respectively, while Grant County was lower at $ 1 07,900. The 
Codington County 20 1 6  figures reflect a 4 .36% increase in value since the 20 1 0  Census, Grant 
County shows a 1 .29% increase, and Watertown shows a 4 .37% increase. 

The U.S .  Census Bureau provides periodic socioeconomic estimates for selected geographies to 
help provide information on the changing demographics of the population between decennial 
censuses. Through the American Community Survey, the Census provided 3-year socioeconomic 
estimates for Codington and Grant Counties and the State of South Dakota, as summarized in 
Table 1 8 . 1 .lb .  
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Table 18.1 . lb Socioeconomic projections from 2010 to 2016 

Location Populati on 

Watertown 22,172 
Codington County 28,063 

Grant County 7, 148 

Sou th Dakota 865,454 
Source: U.S. Census Bureau 2010 and 2016 

Race Percentage 
(White) 

94.8 
94.4 

96.6 

85.2 

Percentage of 
Population Below 

Poverty Level 
1 1 .1 
10.8 

9.2 

13.7 

Per Capita Income 

$26,389 
$26,767 

$26,741 

$26,747 

18.1.2 Socioeconomic and Community Resources Impacts/Mitigation 

There will be short- and long-term benefits from the Project that include, but are not limited to, 

an increase in the counties' tax base as a result of the incremental increase in revenues from 

utility property taxes (based on the Project value of $400 million; Section 5) .  The chief economic 

effect of the Project will result from property taxes paid for the proposed improvements in 

Codington and Grant Counties infrastructure of approximately $4 1 million. Land lease payments 

to Project landowners will result in approximately $40 million over the contracted term of the 

Project. Additional benefits will result from the Project ' s  capability to transmit energy generated 

from renewable energy resources that could spur energy development in the area, thereby 

generating additional economic gains .  Further information on benefits of the Project is presented 

in Section 4.0. 

Construction and operation of the Project is not expected to affect the local distribution of j obs or 

occupations in the community and is not anticipated to have significant short- or long-term 

effects on commercial and industrial sectors, housing, land values, labor markets, health 

facilities, sewer or water treatment facilities, solid waste management facilities, fire or police 

facilities, schools, recreational facilities, and other government facilities or services. The 

Applicant does not expect a permanent impact on the population, income, occupation 

distribution, or integration or cohesion of communities. 

The Project will be offset from roads and section lines; the turbines and construction easement 

are not located within the state or county highway roadway ROWs; collector lines will bore 

under roads. The final engineering design will consider planned or programmed future 

improvements to area roadways to ensure that sufficient roadway ROWs are maintained for 

future roadway widening. The Applicant will develop a Road Use Agreement with each County 

that will govern procedures for road use, repair and restoration after construction, and any 

operational maintenance required. 

The Project will have a positive impact on the local area as a result of lodging and food sales and 

other indirect economic benefits associated with transient workers . The Applicant expects the 
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Project will employ workers associated with the construction and support services areas. 

Employee estimates are described in Section 1 9. 

A common concern of communities surrounding wind energy facilities is the potential impact on 

residential property values. Wind energy projects drive economic development, job growth, and 

tax revenue which benefits landowners and land values in areas (Appendix K; NextEra Fact 

Sheet). Landowners who host wind turbines on their property earn regular lease payments, which 

add to its value, and lease payments continue with a sale of the property. Hoen et al. (2009) 

collected data from "7,500 sales of single-family homes situated within 10  miles of 24 existing 

wind facilities in nine different U.S.  States." Rural areas in Iowa, Illinois, and Wisconsin that 

were analyzed in the study are similar in nature to the communities in South Dakota found in the 

current Project Area. 

Analysis of eight hedonic pricing models on repeat sales and sales volume models show no 

conclusive evidence of impacts of wind facilities to widespread property value in communities 

surrounding these facilities. Hoen et al (2009) conclude the following: 

"Neither the view of the wind facilities nor the distance of the home to those facilities is 

found to have any consistent, measurable, and statistically significant effect on home 

sales prices. Although the analysis cannot dismiss the possibility that individual homes or 

small numbers of homes have been or could be negatively impacted, it finds that if these 

impacts do exist, they are either too small and/or too infrequent to result in any 

widespread, statistically observable impact" (Hoen et al 2009). 

The base model for the study also concluding the following: 1 )  there is no statistically significant 

difference in sales price between homes found within 1 mile and 5 miles of wind energy 

facilities; 2) while home buyers and sellers consider the scenic vista of a home when establishing 

sales prices, there is no statistically significant home sale price difference apparent in the model 

for homes having minor, moderate, substantial, or extreme views of wind turbines (Hoen et al. 

2009). 

Additionally, Hoen et al. (201 3) examined data from 50,000 home sales in 27 counties in nine 

states analyzed, including the states of Minnesota, Iowa, and Illinois, which are similar in rural 

nature to South Dakota. The study found no statistically significant difference in home sales 

prices between 1 to 5 miles of wind turbines within a wind energy facility during the post

construction or post announcement/pre-construction periods of wind energy facilities. Research 

suggested that the "property-value effect of wind turbines is likely to be small, on average, if it is 

present at all" (Hoen et al. 201 3) .  

RM Hoefs & Associates, Inc. completed a 201 5  survey of marker reactions to wind turbines 

and/or wind energy facilities with the objective of studying effect of wind turbines on property 

values (Appendix K, RM Hoefs & Associates, Inc. 201 5). The analysis was based on 12  wind 

farms in North Dakota, although paired sales were only found at 5 wind farms. Out of a review 
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of 26 participants, 25 did not consider any negative impacts or detrimental conditions on 

property values by adjacent wind energy facilities (Appendix K, RM Hoefs & Associates, Inc. 

201 5). Based on the studies outlined above, the Project is expected to have a negligible effect, if 

any, on the assessed values of private property and, therefore, on property taxes. 

The transportation, treatment, and disposal of hazardous waste will be required in accordance 

with state and federal regulations. The use and storage of petroleum products will be in 

accordance applicable local, state, and federal regulations, the spill prevention and response 

procedures established in the SWPPP, and the SPCC developed for the Project. Additionally, 

there is the possibility that the improper use, storage, and/or disposal of hazardous materials such 

as fuels, oils, and maintenance fluids could result in a release that could cause contamination and 

exposure during construction, operation, and maintenance activities associated with the Project. 

Direct effects of a release will include contaminating soil and water resources; indirect effects 

could include exposing humans, wildlife, and vegetation to the contamination. The SPCC Plan 

implemented by the Applicant will minimize this risk and the contamination potential. 

Specifically, this plan will ensure that necessary resources are available to respond to a release 

and will minimize the risk of contaminating soil and water resources and the associated exposure 

to humans, wildlife, vegetation, and air quality. The risk of contamination and exposure will be 

further minimized by the Project's overall design and SPCC Plan requirements, such as 

adequately sized containment structures, regular facility inspections, and properly trained 

personnel. As required by the SPCC rule (40 CFR 1 12.7G)), the Project SPCC Plan will 

incorporate county and state oil storage requirements as well. 

Consistent with the Applicant's corporate environmental health and safety policy, the Applicant 

will also implement an Environmental Training and Monitoring Program that will communicate 

environmental concerns and appropriate work practices, including spill prevention, control, and 

countermeasure protocols to all field personnel. 

18.2 Commercial, Industrial and Agricultural Sectors 

18.2.1 Existing Agricultural Sector 

The Project Area is in the agricultural sector and, except for two active sand and gravel pits 

located in T l  1 8N R5 1 W Section 1 5  and 1 6, no commercial, industrial, mining, or institutional 

land uses are located within the Project Area. 

Codington County has a total land area of 7 1 7  square miles, with approximately 577 square 

miles of land (80% of the county land area) being in farms (rounded to the nearest whole 

number) (U.S .  Census Bureau 201 3, Census of Agriculture 201 2). In 201 2, there were a total of 

7 1 3  farms, and the average-sized farm was 5 1 8  acres. Crop sales were primarily grains, oil seeds, 

dry beans, and dry peas, while cattle, hogs, and sheep comprised the majority of livestock sales 

(Census of Agriculture 2012) .  From 2007 to 20 1 2, the number of full-time farms increased by 
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7.5 percent and land acres used for farming increased by 0.94 percent, while the average farm 

size decreased by 0.65 percent. Sales of farm goods increased 60 percent from 2007 to 201 2  and 

totaled $ 1 72,4 1 1 ,000 in 201 2. 

Grant County has a total land area of 688 square miles, with approximately 670 square miles of 

land (97% of the county land area) being in farms (rounded to the nearest whole number) 

(Census of Agriculture 2012). In 2012 ,  there were a total of 6 1 8  farms, and the average-sized 

farm was 694 acres. Crop sales were primarily grains, oil seeds, dry beans, and dry peas, while 

cattle, hogs, and sheep comprised the majority of livestock sales (Census of Agriculture 20 12). 

From 2007 to 20 12,  the number of full-time farms increased by 1 1 .4 percent, land acres used for 

farming increased by 1 7.9 percent, and the average farm size increased by 0.60 percent. Sales of 

farm goods increased 80 percent from 2007 to 2012  and totaled $240,8 1 9,000 in 2012 .  

18.2.2 Agricultural Impacts/Mitigation 

The Project is expected to have relatively minor impacts on agriculture in the region. Field 

observations and review of aerial photography indicate that most active farming operations 

involve non-tilled agriculture and livestock production, and non-tilled agriculture (e.g., with a 

minimal amount of tilled agriculture. 

The Project will result in temporary and limited permanent impacts to farmland within the 

Project footprint. During construction, livestock operations may be temporarily affected by 

restricted access to active construction areas to protect the safety of livestock and construction 

workers. Coordination of property access with landowners with gates will occur to minimize 

impacts on agricultural operations and repair any gates or agricultural access routes that may be 

impacted during construction. After construction is completed, grazing in the Project 

constructions areas will be permitted. Permanent impacts to agricultural lands primarily will 

result from installation of access roads, substations, and wind turbines. Construction of the 

Project is anticipated to result in permanent loss of approximately 86.0 acres of farmland within 

the Project Area (see Table 9.2.3). The permanent impacts associated with each structure were 

calculated based on the facility footprint information provided in Table 8. 1 .  Construction of the 

Project will result in an estimated 2, 1 34.4 acres of temporary impacts to farmland due to the 

preparation of structures including turbine foundations and crane paths (see Table 9.2.3). This 

impact is estimated based on the current wind turbine array, associated collection line routes, 

access roads, and the Project Construction Easement. 

Areas disturbed during construction will be repaired and restored to preconstruction contours to 

the extent practicable so that all surfaces drain naturally, blend with the natural terrain, and are 

left in a condition that will facilitate natural re-vegetation, provide for proper drainage, and 

prevent erosion. Temporary construction areas will be restored per landowner agreements and 

the SWPPP. 
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Drain tile lines may be present along the Project route. The Applicant will work with landowners 

to identify and mark drain tile lines to avoid damage during construction. Where locations are 

known, temporary travel paths will avoid drain tiles where possible. Where avoidance is not 

possible, matting may be used. If drain tile lines are inadvertently damaged by construction of 

the Project, the Applicants will repair tile lines. Landowners will be compensated for any crop 

damage that occurs during construction. 

18.3 Community Facilities and Services 

18.3.1 Existing Community Facilities and Services 

The Project Area is located in, near or adjacent to the following communities: Waverly, Troy, 

Strandberg, Stockholm, and South Shore. Other existing communities are located outside of the 

Project Area including Watertown, Summit, Marvin, Twin Brooks, and Milbank. Facilities and 

services provided in these communities include but are not limited to the following: restaurants, 

grocery stores, hotels, postal services, equipment suppliers, packaging services, vehicle and 

equipment repair and maintenance shops, and gas stations. 

18.3.2 Community Facilities and Services Impacts/Mitigation 

The Project will provide short and long-term impacts on community facilities and services. 

During the project construction activities, local communities and businesses, such as restaurants, 

grocery stores, hotels, postal services, equipment suppliers, packaging services, vehicle and 

equipment repair and maintenance shops, and gas stations, will see an increase in business from 

construction workers. Other services such as equipment, fuel, operating supplies, and products 

may also be utilized from the county and state. Short-term construction personnel may be hired 

locally or from outside of the local communities for both skilled and unskilled labor positions. 

Additionally, housing may be needed for non-local construction laborers. 

18.3.3 Emergency Response 

The Applicant will coordinate with first responders, including but not limited to local police and 

sheriff, fire services, ambulance and EMT services. The Applicant will develop a safety plan for 

construction and operation personnel that will be shared with local emergency response 

personnel, as needed. The Applicant will complete any high angle rescues in the event needed 

during turbine operations and bring any injured personnel to the ground for transportation to 

local medical facilities by first responders. The Project will not result in an increased need for 

emergency services, fire protection, or public services, local utilities, or other government or 

community services. 
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18.4 Transportation 

Transportation within the Project Area includes that occurring on U.S. highways (including an 

interstate), state highways, Codington and Grant County highways, township roads, unauthorized 

roads, and roads on private lands. 

18.4.1 Existing Environment 

Most of the Project is within 0.25 mile of existing transportation routes, including township and 

county roads. The network that will comprise the transportation system used during Project 

construction and O&M includes rural and section line roads. The One active railroad traverses 

the Project in three locations (T12 1N R47W and Tl  1 9N R50W and T1 1 9N R5 1 W). Major roads 

within the Project Area are depicted in Figures 1 and 2. Airports in the Project's  vicinity in South 

Dakota include Watertown Regional Airport, west of lnterstate 29 and approximately 14.4 miles 

west of Project Area; the Ortonville Municipal Airport, 3.9 miles northeast of the Project Area; 

and Milbank Municipal Airport, 1 .0 mile west of the Project Study Area. No private air strips 

occur near the Project Area. No impacts to registered commercial facilities are anticipated. 

18.4.2 Transportation Impacts and Mitigation 

The Project is not anticipated to result in permanent impacts to transportation resources in the 

Project Area. Indirect effects may include increased traffic volume along local, state, and federal 

roadways. Impacts are anticipated to be minor, as a relatively low number of workers and 

equipment will be accessing any one location within the Project Area at any time during 

operations. Impacts from potential construction associated with 200 to 300 temporary workers 

are expected to be limited in duration and temporary. Direct effects to transportation also will be 

minimal during O&M activities. The Applicant will work with state and local highway 

departments regarding applicable permitting requirements. Collector lines will bore under active 

highways in four locations: Tl l 9N R5 1 W Section 1 8  (SE quarter) and Section 1 9  (NE quarter); 

Tl 1 9N R50W Section 1 3  (SW quarter) and Section 24 (NW quarter). The Applicants also will 

coordinate with railroads to bore active and inactive lines, and to ensure construction and 

operation in the Project construction easement will not affect use of the railroads. Collector lines 

will bore under active railroads in three locations: Tl l 9N R50W Section 23 (NW SE Quarter); 

and T1 1 9N R5 1 W  Sections 29 (SESW quarter) and Section 32 (WSW quarter). There will no 

anticipated impacts to registered commercial aviation facilities. 

18.5 Telecommunications 

This section describes the potential for interference of licensed communication links in close 

proximity to the proposed Crowned Ridge Wind Project area for the purposes of determining 

exclusion zones to aid the design of a proposed wind energy generation project. Wind Logics, 

Inc completed a report for the Project that summarizes the microwave links and towers along 
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with local cellular towers, media towers (AM and FM), television, and aviation towers, identified 

within and near the assessment area (Appendix M). 

18.5.1 Existing Telecommunications 

A review of the FCC national database and the Universal Licensing System was conducted to 

identify possible constraints. Wind turbine offset distances were taken into consideration for the 

design of the wind turbine array. Five microwave towers were identified within the Project area. 

In addition, twelve microwave links have been identified near the project area and ten have been 

found to intersect the Project area. The Worst Case Fresnel Zone for all of these links have been 

calculated, and the appropriate turbine offset has been used to minimize any harmful impact 

from the proposed turbine layout. One cellular tower was identified within the project boundary. 

Four additional cellular towers were discovered within 25 km of the project boundary. No active 

AM radio towers were identified within the project boundary or within 25 km of the project 

boundary. No digital or analog television stations were identified within the project boundary. 

No active Aviation towers were identified within the project boundary or within 25 km of the 

area of interest. 

18.5.2 Telecommunications Impacts/Mitigation 

Electromagnetic analysis results show that interference is not expected to impact nearby 

microwave, AM, FM, cellular, TV, and aviation towers based on the array design. Harmful 

interference associated with cellular towers is not likely as cellular transitions or packet 

switching occurs when a cellular link becomes unavailable. While the impact of wind turbines on 

digital television reception is not well known due to limited cases and testing, any interference is 

expected to be limited to areas near the edge of station reception, areas near a turbine that is 

within the line-of-sight between the transmit tower and receptor, and areas of complex 

topography (Appendix M). While no harmful interference is expected for the aviation towers; 

Crowned Ridge Wind is subject to a FAA to determine any exclusion zones. Proposed turbine 

locations will maintain the standard appropriate offset distances in addition to any setbacks set 

by the agency to minimize harmful impact. 

18.6 Cultural Resources 

This section presents the results of a record search, a review of previously recorded cultural 

resources, as well as the results of the current Level III survey conducted for the Project. 

In accordance with the Guidelines for Cultural Resource Surveys and Survey Reports in South 

Dakota (For Review and Compliance) (South Dakota State Historical Society 2005), cultural 

resources reviews were conducted for an area that includes a I -mile buffer of the Project 

Construction Easement. The cultural resources survey of the Project Construction Easement was 

performed for an area within at least a 300 ft. radius around each proposed turbine location 
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center point; this area was expanded to a radius of up to 500 ft. around some turbines to allow for 

an expanded construction area. Access routes to turbines were encompassed in cultural resources 

survey for a width of 200 ft. along their full length to provide adequate flexibility for 

construction and establishment of the typically 1 6-ft.-wide right of way. Collection lines from 

turbines encompassed in cultural resources survey for a width of 1 00 ft. along their full length to 

provide adequate flexibility for construction, and work space for boring equipment where 

needed. 

Historic architectural survey reviewed buildings and structures within a I -mile radius of the 

turbine locations. The record search for the Project Area considered all cultural resources 

documented within and up to 1 mile beyond the Project boundary. 

The records search was conducted on May 1 5, 20 1 8  through the Archaeological Research Center 

at the South Dakota State Historical Society for the Project Area. Pursuant to South Dakota 

Codified Law 1 -20-2 1 ,  information contained within the records search data is considered 

confidential and not for public distribution. Additional background research conducted for the 

Project Area included review of the historical General Land Office (GLO) plat maps available 

online from the Bureau of Land Management. Information presented below is a summary of the 

data obtained from the Archaeological Research Center and from the GLO database; site specific 

location information is considered confidential and is not included in this review. 

The results of the records search indicate that 3 1  previous cultural resource inventories have been 

conducted within one mile of the Project Area for other projects. Two of these inventories 

overlap the Project Construction Easement. Four of the previous inventories were completed in 

the past 1 0  years. 

18.6.1 Existing Cultural Resources 

The Records Search was conducted within I -mile of the Project Area, per SD State Historic 

Preservation Officer guidance. This search determined that 1 3  3 previously documented 

archaeological sites, 6 previously documented historic bridges, 83 previously documented 

standing historic structures, and 5 previously documented cemeteries have been recorded inside 

and within 1 mile outside of the Project Area. Previously documented sites eligible for National 

Register of Historic Places (NRHP) and State Register of Historic Places (SRHP) intersected by 

the Project Construction Easement and within 1 mile of the Project Area are discussed below by 

resource type. 

18.6.1 .1 Previously Documented Archaeological Sites 

The 1 33 previously documented archaeological sites include Native American artifact scatters, 

cairns, earthworks, and stone circles and alignments, and include European-American artifact 

scatters, cairns, dams, depressions, farmsteads, foundations, railroads, and roads. Of the 1 3 3  

1 05 

Exhibit A1

 
007059

ADMINISTRATIVE RECORD - Scan 4 - Page 116 of 139

- Page 2233 -



previously recorded sites, 2 1  are eligible for the NRHP and SRHP, 1 2  are not eligible for the 

NRHP or SRHP, and 1 00 sites have not been evaluated for the NRHP or SRHP. 

The Project Construction Easement overlaps nine of the previously documented archaeological 

sites (Appendix E, Table 1) .  These nine sites include three Native American sites, four historic 

European-American sites, one Native American/European-American site, and one site of 

unknown age in antiquity. The Native American sites consist of one alignment; one artifact 

scatter; and one combined artifact scatter, earthwork, and mound site. The four historic 

European-American resources include two farmstead ruins; one debris concentration; and one 

combined alignment feature, earthen depression, debris concentration, and building foundation. 

One multicomponent Native American and European-American artifact scatter and one cairn of 

unknown age are also located within the Project Construction Easement. Treatment of 

archaeological sites within the Project Construction Easement is addressed below at Section 

1 8 .6.3 Cultural Resource Impacts/Mitigation. 

18.6.1.2 Previously Documented Standing Structures 

Eighty-three (83) previously documented standing structures have been identified within 1 mile 

of the Project Area (Appendix E, Table 2). These standing structures include residences, 

agricultural buildings, farmsteads, churches, schools, and commercial buildings. No previously 

documented standing structures are located within the Project Construction Easement. 

Of the 83 previously documented standing structures within 1 mile but outside of the Project 

Area, two are determined eligible for the NRHP and SRHP, 80 have been determined not eligible 

for the NRHP and SRHP, and one has not been evaluated for the NRHP or SRHP. The structures 

eligible for the NRHP and SRHP are the Brown Earth Presbyterian Church and the combined 

Potters Stage Coach Station and U.S. Post Offices. The Brown Earth Presbyterian Church is 

listed on the NRHP. The buildings/structures recorded as the Potters Stage Coach Station and 

U.S. Post Offices are no longer extant and, on this basis, no longer retain their integrity for 

NRHP eligibility. 

18.6.1.3 Previously Documented Historic Bridges 

Six previously documented historic bridges have been identified within 1 mile of the Project 

Area (Appendix E, Table 3). One historic bridge is eligible for the NRHP, and five bridges have 

been determined not eligible for the NRHP. However, the Project Construction Easement does 

not intersect any of these resources and the bridges will not be altered by Project vehicle use of 

public roadways. 

18.6.1.4 Previously Documented Cemeteries 

Five previously documented cemeteries have been identified within 1 mile of the Project Area 

(Appendix E, Table 4). Four of the cemeteries are determined not eligible for the NRHP and one 
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cemetery remains unevaluated. The Project Construction Easement does not intersect any of 

these resources. 

18.6.1.5 General Land Office Review 

The GLO survey plat maps were reviewed for historic features that may be located with the 

Project Construction Easement. This review revealed that from 1 873 and 1 874 three townships: 

Tl 1 8N, R52W; Tl 1 9N, R50W; and Tl 1 9N, R52W exhibited signs of European-American 

settlement (e.g., unnamed trails) within the Project Area. In addition to direct evidence of 

European-American settlement, the GLO mapping also shows a historic boundary labeled 

"Eastern Boundary of Sissiton & Warpeton [sic] Indian Reservation." By the 1 873 survey, this 

boundary is no longer depicted, nor is it shown on the subsequent mapping of these townships. 

Codington County was established in 1 877 and Grant County was formed in 1 873; however, 

Grant County was previously part of Deuel County from 1 862 until its creation (South Dakota 

Genealogy Trails 2006ab ). Evidence of settlement on the examined maps includes trail routes 

identified on the 1 873 GLO mapping (but are not identified on subsequent maps, in previous 

documented site files, or in current Level III field surveys). 

18.6.2 Level III Survey for Cultural Resources and Architectural History 
Survey 

From June to December 201 7  and April to October 201 8, a Level III Survey was conducted for 

archaeological, historical, and tribal resources at each proposed turbine location, access route to 

turbines and collection lines from turbines. The archaeologists supervising these investigations 

meet the U.S.  Secretary of the Interior's Professional Qualifications Standards for archaeology. 

The area of Level III survey covers the Project Construction Easement. 

Tribal members from the Sisseton Wahpeton Oyate, Yankton Sioux, and Spirit Lake Nation 

selected to represent those tribes in identifying significant tribal resources were an integral part 

of the survey field team. Tribal members were responsible for identifying site of religious and 

cultural significance to the tribes, or traditional cultural properties (TCPs). An architectural 

history survey was also conducted of standing buildings and structures within 1 mile of the 

Project Construction Easement for all proposed turbine locations. The architectural history 

survey was led by architectural historians meeting the U.S. Secretary of the Interior's  

Professional Qualification Standards in that field. 

The Level III Survey identified 960 Native American sites and isolated artifacts including four 

previously recorded sites or site components during Project Construction Easement surveys, and 

identified 34 historic European-American archaeological sites or isolated artifact occurrences, 

including seven previously recorded historic archaeological sites or site components as discussed 

in Section 1 8.6. 1 . 1  Previously Documented Archaeological Sites. The historic architectural 

survey further field-checked approximately 982 standing building and structure locations within 
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1 mile but outside of the Project Area (the project is set back from standing buildings and 

structures by design). The historic architectural survey focused on those sites where historic 

setting and feeling may be important and considered the potential visibility of Project turbines. 

All TCP sites identified by tribal members, which are sites represented by rock cairns, 

alignments, and other traditionally recognized features on the landscape, are considered 

important to the identifying tribes and will be considered as eligible for listing on the NRHP. The 

newly identified historic European-American archaeological remains, primarily represented by 

sparse artifact debris or the occasional building foundation ruins, are proposed as not eligible for 

NRHP listing due to their lack of historical importance and lack of significant scientific research 

value. One previously recorded historic archaeological farmstead complex is recommended 

eligible for the NRHP as a result of Phase III survey for the Project, but is not located within the 

Project Construction Easement. 

No NRHP- or SRHP-eligible standing buildings and structures within 1 mile of the Project 

Construction Easement will potentially be exposed to significant Project impacts. Although 

previously undocumented segments of an abandoned Chicago & North Western Railroad grade 

may be used or crossed by Project access, the original structure of these segments will remain in 

place and the Project will not significantly alter the historic qualities that make them eligible for 

NRHP listing. No other NRHP- or SRHP-eligible historic buildings or structures are located 

within 1 mile of Project turbines, including any identified during current field checks of 

previously undocumented historic buildings and structures within the greater Project Area. The 

NRHP-listed the Brown Earth Presbyterian Church is located outside (northeast) of the Project 

Area, approximately 2 miles from the nearest proposed turbine location, and, therefore, is outside 

of the considerable area of Project impact. The Potters Stage Coach Station and U.S. Post Offices 

no longer exist and are no longer of consideration for potential Project impacts. 

18.6.3 Cultural Resource Impacts/Mitigation 

Planned construction activities for the Project may occur within the vicinity of sites important to 

tribal cultural traditions, archaeological sites, or historic standing structures. Sites evaluated as 

not eligible for NRHP listing are not significant and impacts to these sites will therefore not be 

considered. Those sites that are evaluated as eligible for NRHP listing by the participating tribes 

or by SHPO, or of undetermined NRHP eligibility, will be protected by establishing avoidance 

measures at those portions of the resources that make them eligible for NRHP listing to exclude 

them from physical impacts from the Project. In addition to avoiding potential direct physical 

impacts to significant site areas during Project construction, indirect secondary effects from the 

introduction of new visual elements into the setting of NRHP-eligible tribal resources and 

historic buildings and structures could impact the integrity of these sites. However, regarding 

potentially affected historic and archaeological sites, state preservation law SDCL 1 - 1 9  A- 1 1 . 1  

applies to those that are currently listed on the NRHP or SRHP, not simply those that are eligible 
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for listing. No buildings or structures listed on the NRHP or on the SRHP occur within 1 mile of 

proposed Project turbines. 

18.6.3.1 Tribal and Archaeological Resource Impacts/Mitigation 

NRHP-eligible tribal and archaeological resources are identified as TCPs by the coordinating 

tribes on the Project, including the Sisseton Wahpeton Oyate, Yankton Sioux, Rosebud Sioux, 

and Spirit Lake Tribes. Since setting and feeling are important and contributing aspects of these 

sites' traditional character and experience, Sisseton Wahpeton Oyate, Yankton Sioux, Rosebud 

Sioux, and Spirit Lake Tribal Historic Preservation Officers believe that the Project will impose 

setting-related impacts at sites of traditional, cultural, and religious importance to Native 

peoples. Archaeological consultants on the Project support this finding. Project developers 

worked together with the consulting tribes and archaeologists to create the avoidance, 

minimization, and mitigation measures identified for TCPs below: 

• Standard avoidance or resource protection practices (e.g., barrier fencing, contractor 

training) where feasible in collaboration with the tribes listed here and the Project 

Developer. 

• Make best effort to identify possible willing and participating landowners (the 

landowners) who may be willing to work with the tribes on site preservation, accessibility 

and protection ofTCPs on their property. 

• Conduct site revisits prior to construction. 

• Help facilitate post-construction site revisits for tribes with the landowners. 

• Education/interpretation opportunities regarding tribal resource preservation and/or 

Native American perspectives which may include sensitivity training when needed. 

The treatments and recommendations to address the impacts to TCPs were developed by Tribal 

Cultural Specialists who are traditional practitioners having specific training and specialized 

knowledge about these features and sites. 

All of the TCPs identified in this investigation are considered and recommended eligible for 

NRHP listing. Although this Project is private and federal permitting requirements do not apply, 

the criteria used for impact assessment is similar to that employed for federally-regulated 

projects. The Sisseton Wahpeton Oyate, Yankton Sioux, Rosebud Sioux and Spirit Lake Tribal 

Historic Preservation Officers and the Project developer have worked together to create a set of 

avoidance, minimization, and mitigation measures to address these impacts. 

18.6.3.2 Historic Building and Structure Impacts/Mitigation 

No construction-related activities that will permanently alter important historic aspects of 

historic buildings or structures will occur directly within the boundaries of NRHP-eligible 

historic building or structure sites. For historic railroad grades that may be crossed by project 

access, the railroad grade will be maintained and returned to its previous condition without 
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alteration to the important historic aspects of the structure that make it eligible for the NRHP. 

The historic railroad within the Project Construction Easement, although eligible, is not in fact 

listed on the NRHP or SRHP and requires no further a under state preservation law SDCL 1 -

1 9  A- 1 1 . 1 .  No other NRHP- or SRHP-eligible or listed buildings or structures were identified 

within 1 mile of turbines where the integral historic setting of such buildings or structures could 

be impacted by the introduction of new visual elements. 
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19.0 Employment Estimates (ARSD 20: 10:22 :24) 

ARSD 20:10:22:24. Employment estimates. The application shall contain the estimated number of jobs 
and a description of job classifications, together with the estimated annual employment expenditures of 
the applicants, the contractors, and the subcontractors during the construction phase of the proposed 
facility. In a separate tabulation, the application shall contain the same data with respect to the operating 
life of the proposed facility, to be made for the first ten years of commercial operation in one-year 
intervals. The application shall include plans of the applicant for utilization and training of the available 
labor force in South Dakota by categories of special skills required. There shall also be an assessment of 
the adequacy of local manpower to meet temporary and permanent labor requirements during 
construction and operation of the proposed facility and the estimated percentage that will remain within 
the county and the township in which the facility is located after construction is completed 

The Project is expected to employ approximately 250 temporary workers during the 5-9-month 

construction period of the Project. It is likely that general skilled labor is available either in 

Codington and Grant Counties or the state to serve the basic infrastructure and site development 

needs of the Project. Specialized labor will be required for certain components of Project 

construction. It is likely that this labor will be imported from other areas of the state or from 

other states, as the relatively short duration of construction does not warrant special training of 

local or regional labor. Balancing the use of local contractors and imported specialized 

contractors will likely alleviate any labor relations issues. 

After construction of the Project is completed, approximately 7- 1 2  employees will be hired for 

full time positons on the Project's O&M team. Employment positions will consist of a full time 

Operations Manager and Wind Technicians who will operate the windfarm and substation for the 

life of the project. The team will have personnel on-call 24 hours per day, 7 days per week to 

address issues arising outside of normal business hours. 
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20.0 Future Additions and Modifications (ARSD 20: 10:22:25) 

ARSD 20:10:22:25. Future additions and modifications. The applicant shall describe any plans for 
future modification or expansion of the proposed facility or construction of additional facilities which the 
applicant may-wish to be approved in the permit. 

The Applicant does not have planned or anticipate any future modifications needed to the 

Project. However, in addition to the Project, a separate Facility Permit application for the 

construction of a 300 MW wind project will be filed by Crowned Ridge Wind II, LLC. The 

additional 300 MW project, Crowned Ridge Wind II, is to be located adjacent to the Project and 

will be owned and operated by NSP. 
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21 .0 Decommissioning of Wind Energy Facility (ARSD 

20: 10:22:33:01) 

ARSD 20:10:22:33.01. Decommissioning of wind energy facilities -- Funding/or removal of facilities. 
The applicant shall provide a plan regarding the action to be taken upon the decommissioning and 
removal of the wind energy facilities. Estimates of monetary costs and the site condition after 
decommissioning shall be included in the plan. The commission may require a bond, guarantee, 
insurance, or other requirement to provide funding for the decommissioning and removal of a wind 
energy facility. The commission shall consider the size of the facility, the location of the facility, and the 
.financial condition of the applicant when determining whether to require some type of funding. The same 
criteria shall be used to determine the amount of any required funding. 

CRW has entered into lease and easement agreements with private landowners within the Project 

Area for the placement of Project infrastructure. The Applicant anticipates that the life of the 

Project will be approximately 25 years, which is consistent with the Project's contracted term. At 

the end of the Project' s contracted life there may be opportunities to extend the life of the Project 

by repowering the Project by retrofitting the turbines and power system with upgrades based on 

new technology, which may allow the wind farm to produce efficiently and successfully for 

many more years. 

In the event the Project' s contracted life is not extended, the Project will be decommissioned in 

accordance with applicable state and county regulations. Current decommissioning requirements 

in Grant and Codington Counties require that all towers, turbine generators, transformers, 

overhead collector and feeder lines, foundations, buildings, and ancillary equipment be 

dismantled and removed to a depth of 4 feet. To the extent possible, the site shall be restored and 

reclaimed to its pre-project topography and topsoil quality. All access roads shall be removed, 

unless written approval is given by the landowner requesting roads be retained. CRW wil 

comply with all decommissioning and restoration requirements in both Codington and Grant 

County as listed within section 9 of the Codington County ordinance and section 1 0  of the Grant 

County ordinance, which also includes requirements on financial assurances that are specific to 

each county. The Decommissioning Plan for the Project is included in Appendix L. The 

estimated net decommissioning costs for the Project are summarized in the Decommissioning 

Plan in Appendix L. 
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22.0 Reliability and Safety (ARSD 20: 10:22 :33.02(8)) 

22.1 Reliability 

GE, one of the world's largest wind turbine suppliers of has over 35,000 wind turbines installed 

globally. GE has been producing wind turbines since 2002. Preventative maintenance based on 

analyzing real time data will be used to help mitigate potential failures. 

To improve reliability, the Project has the ability to create short-term forecasts of wind speed and 

energy that will be produced. Determining weather conditions with accuracy enables the project 

owner and operator to efficiently maximize the facility output. Transmission system operators 

need to know how much energy wind facilities can deliver and when to dispatch generators on 

the system to match load to generation. Typically, wind projects provide a daily, hourly and 

incremental forecast, updated every 1 5  minutes to the off-taker, balancing authority, and/or 

regional TO. Predicting energy generation through vast, location-specific weather forecasting is 

used to integrate wind energy into the region's power grid and to schedule turbine and 

transmission maintenance windows, improving overall reliability. As wind forecasting has 

improved, the reliability of wind energy generation forecasts provided to the transmission 

operators has also improved. 

22.2 Safety 

The Project is located in a rural setting with low population density. Construction and operation 

of the Project will have minimal impacts on the security and safety of the local population. The 

construction team will coordinate with first responders, including, but not limited, to air 

ambulance, local sheriff's office(s) and local fire services to develop a safety plan during the 

Project's 5-9-month construction period. During the operation period of the Project, the on-site 

operation and maintenance team members will also be in contact with local first responders to 

offer information about the Project and to answer any questions response teams may have 

regarding Project plans and details. The following security measures will be taken to reduce the 

chance of physical and property damage, as well as personal injury, at the site: 

• The towers will be setback from occupied residences and roadways as described in this 

Application in Table 1 3 . 1 .2 and the applicable regulations identified herein. These 

distances are considered to be safe based on developer experience, and are consistent 

with prior Facility Permits. 

• Security measures will be taken during the construction and operation of the Project 

including temporary (safety) and permanent fencing, gates, warning signs, and locks of 

equipment and wind power facilities. 

• Regular maintenance and inspections will address potential blade failures, minimizing the 

potential for blade throw. 
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• Turbines will sit on steel enclosed tubular towers within which all electrical equipment 

will be located, except for the pad-mounted transformer where applicable. 

• Access to the interior of the tower is only though a solid steel door that will be locked 

when not in use. The exterior cannot be climbed. 

• Safety training and standardized practices will be conducted for construction crews and 

on-site personnel. 
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23.0 Information Concerning Wind Energy Facilities (ARDS 

20: 10:22 :33:02) 

ARSD 20:10:22:33.02. Information concerning wind energy facilities. If a wind energy facility is 
proposed, the applicant shall provide the following information: 

(1) Configuration of the wind turbines, including the distance measured from ground level to the 
blade extended at its highest point, distance between the wind turbines, type of material, and color; 
(2) The number of wind turbines, including the number of anticipated additions of wind turbines in 
each of the next five years; 
(3) Any warning lighting requirements for the wind turbines; 
(4) Setback distances.from off-site buildings, right-of ways of public roads, and property lines; 
(5) Anticipated noise levels during construction and operation; 
(6) Anticipated electromagnetic interference during operation of the facilities; 
(7) The proposed wind energy site and major alternatives as depicted on overhead photographs and 
land use culture maps; 
(8) Reliability and safety; 
(9) Right-of-way or condemnation requirements; 
(JO) Necessary clearing activities; 
(1 ]) Configuration of towers and poles for any electric interconnection facilities, including material, 
overall height, and width; 
(12) Conductor configuration and size, length of span between structures, and number of circuits per 
pole or tower for any electric interconnection facilities; and 
(13) If any electric interconnection facilities are placed underground, the depth of burial, distance 
between access points, conductor configuration and size, and number of circuits. 

The following information requirements concerning wind energy facilities have been referenced 
in previous sections of the Application, as indicated below. 

• Configuration of wind turbine - Section 6 . 1  

• Number of wind turbines - Section 6. 1 

• Warning lighting requirements for wind turbines - Sections 1 3 .0 and 1 8.0 

• Setback distances - Section 7 .2 

• Sound levels during construction and operation -13  .3 .2 

• Electromagnetic interference - Section 1 3 .5 

• Site and major alternatives - Section 7.0 

• Reliability and safety - 22.0 

• Right-of-way or condemnation requirements - Sections 6.0 and 7.3 

• Clearing activities - Sections 6. 1 1  and 1 1 . 1 .2 

• Configuration of interconnection towers and poles - Section 6.5 

• Conductor and structure configurations - Section 6.5 

• Underground electric interconnection facilities - Section 6.3 

1 1 6 

Exhibit A1

 
007070

ADMINISTRATIVE RECORD - Scan 4 - Page 127 of 139

- Page 2244 -



24.0 Additional Information in Application (ARSD 20: 10:22 :36) 

24.1 Permits and Approvals 

24.2 Agency Coordination 

The Applicant conducted meetings with Grant County officials (the Grant County 

Commissioners, the Grant County Planning and Zoning Officer and the Grant County Auditor) 

on November 8 ,  201 6  and December 20, 20 1 6, as well as on January 1 7, April 4, June 6 and June 

20 in 2017. As a result of these meetings, CRW was able to better understand proposed changes 

to the Grant County zoning ordinance and how CRW could proactively develop the Project to 

ensure compliance. 

The Applicant met with the Codington County Planner and First District Association of 

Local Governments on February 9, April 5, May 23, and August 3 1  of 201 7  to discuss the 

requirements of the Codington County siting ordinances and the county's  expectations through 

the development and construction of the Project. 

CRW will continue the collaborative process with agencies throughout the development, 

construction and operation phases of the Project. 

24.3 Applicant's Burden of Proof 

As described throughout the application, the Applicant has addressed the matters set forth in 

SDCL Chapter 49-41 B  and in ARSD Chapter 20: 1 0:22 (Energy Facility Siting Rules), related to 

wind energy facilities. 

Pursuant to SDCL 49-41 B-22, the information presented in this Application establishes that: 

• The proposed wind energy facilities comply with applicable laws and rules. 

• The facilities will not pose a threat of serious injury to the environment or to the social 

and economic condition of inhabitants in or near the Project Area. 

• The facilities will not substantially impair the health, safety, or welfare of the inhabitants. 

• The facilities will not unduly interfere with the orderly development of the region, having 

given consideration to the views of the governing bodies of the local affected units of 

government. 
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Table 24. Potential Required Permits and Approvals 

Agency 
Type of Permit, Approval, 

Status* Need or Description 
or Coordination 

Federal 

Section 10 (no federal nexus, 

private project) of the Coordination regarding adherence to the 
U.S. Fish and Wildlife Endangered Species Act; 

2 
voluntary Land-Based Wind Energy 

Service Migratory Bird Treaty Act; Guidelines; coordination with Refuges 
Bald and Golden Eagle Division regarding protected easements . .  

Protection Act 

U.S. Army Corps of Section 404 of the Clean 
Nationwide Permit 1 2  is required for 

2 dredging or fill in jurisdictional waters of 
Engineers Water Act 

the U.S. for utility l ine projects. 

Federal Avian 
Determination of No Hazard 

Required for any potential obstacles to 
Administration 

1 
navigation airspace over 200 feet in height. 

State of South Dakota 

Public Utilities Commission Facil ity Permit c• Required for wind facility over I 00 MWs. 

Section 401 Water Quality 
2 

Required for fill in jurisdictional waters of 
Certification the U.S. 

NPDES Permit: General 
Required for disturbance of over one acre of 

Permit for Storm Water 

Discharges Associated with 
A land. Must prepare a Storm Water Pollution 

Construction Activities 
Prevention Plan. 

Required for compliance with the Water 

Temporary water use permit 
Pollution Control Act. Temporary permits 

Department of Environment 
for construction activities 

2 for the use of public water for construction, 
& Natural Resources testing, or drill ing purposes. Construction 

contractors will obtain as necessary. 

Compliance with the Water Pollution 

General Permit for 
Control Act. Temporary permit for the 

Temporary Dewatering 
2 discharge of water for construction 

dewatering. Construction contractors will 

obtain as necessary. 

Air Quality Permit 2 
Required for a process or fuel burning unit 

that emits a pollutant into the ambient air. 

South Dakota Game, Fish, Environmental review for 
2 

Coordination regarding state listed species 
and Parks Commission state listed species and species of conservation concern 

South Dakota State 
SDCL l - 1 9A- l 1 . l  A Compliance required for state permits. 

Historical Society 

Highway Access Permit; 
2 

Permit required for construction of access 

Road Crossing Agreements roads from state highways. 

Utility Permit 2 
Required for utility crossings on state 

Department of highway ROW, as necessary. 
Transportation Required for heavy hauling construction 

Oversize/overweight Permit 2 
equipment and materials on state highways. 

Construction contractor will obtain, as 

necessary. 

South Dakota Aeronautics 
Turbine lighting on conjunction with 

Commission 
Aeronautical Hazard Permit 2 Federal Aviation Administration Review 
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Local 

Building Pennits or 
Conditional Use Pennits required for the 

Project and the 2 substations. Building 
Conditional Use Permits; 

Permits, Road Crossing Agreements, and 
Codington County Road Crossing Agreements; C 

Oversize/overweight Permits may be 
Oversize/overweight Permit; 

required, as determined on a case-by-case 
Open Burning Permits. 

basis. 

Grant County Conditional Use Permit C 
Conditional Use Permit required for 

turbines. 

Townships 
Road Crossing Agreements; 

2 
The Project will require crossing 

Oversize/overweight Permit agreements. 

* 1 :  Applied - decision pending 

2: Final design will determine whether the permit/approval is required, or final layout is needed for permit application. 

C: Complete. 

C* :  Pennit issued, in compliance period prior to authorization for construction. 
A: Permit requirement will apply, but have not yet applied. Typical for construction preparation activities. 
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25.0 Testimony And Exhibits (ARSD 20 : 10 :22 :39) 

The Applicant is submitting testimony and exhibits in support of the Application. The Exhibits 

are identified in the Application, and the following will provide testimony in support of the 

Application: 

Name and Title Entity Subject Matter 

Sam Massey, Tyler Wilhelm NextEra Energy Resources, LLC Project Management and 

Development Activities 

Kimberly Wells NextEra Energy Resources, LLC Environmental 

Mark Thompson NextEra Energy Resources, LLC Construction, O&M and 

Decommissioning 

Jay Haley EPAC Wind Energy Sound and Shadow Flicker 

Modeling and Results 
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26.0 Applicant's Verification 

VERIFIED APPLICANT' S  SIGNATTJRE 

State of Florida 
County of Palm Beach 

) 
) :SS 

Jason Urton, being duly sworn, deposes and says that he is the authorized agent of Crown Ridge 
Wind, LLC. 

He states that he does not have personal knowledge of all the facts recited in the forgoing 
application, but the info1mation b1 the application has been gathered by and from employees, 
contrnctors of the owners of Crown Ridge Wind, LLC; and that the info1mation in the 
application is verified by him as true and co11"ect 01 ehalf of ·owned Ridge Wind, LLC. 

Dated thisJ{th day of January, 20 1 9 .  
u Utton 

cc President - Development 
NextEra Energy Resources, LLC 
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Figure 10. Bedrock Geology
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Figure 11. Soil Types

MUSYM (Soil Type)
BeF (Buse-Forman loams, 25-40% slopes)

BfD (Buse-Forman-Aastad loams, 4-15% slopes)

Fa (Flom Clay loam)

FdB (Forman-Aastad loams, 1-6% slopes)

FdC (Forman-Aastad loams, 3-9% slopes)

FdD (Forman-Aastad loams, 4-15% slopes)

FgC (Forman-Buse loams, 6-9% slopes)

FgE (Forman-Buse loams, 15-25% slopes)

FhE (Forman-Buse extremely 
stony loams, 9-40% slopes)

HaD (Hattie clay loam, 9 to 15% slopes)

HaE (Hattie clay loam, 15 to 40% slopes)

J119E (Buse-Sioux complex, 9 to 40% slopes)

J136A (Great Bend-Beotia silt loams, 
0 to 2% slopes)

J225B (Forman-Aastad complex)

Lb (LaDelle silt loam, channeled)

Lc (Ludden silty clay)

M-W Miscellaneous Water

Pa (Parnell silty clay loam)

Pb (Southam silty clay loam, 0 to 1% slopes)

PcA (Peever clay loam, coteau, 0 to 2% slopes)

PcB (Peever clay loam, coteau, 2 to 6% slopes)

PcC (Peever clay loam,  6 to 9% slopes)

PeB (Peever clay loam, 2  to 6% slopes)

Ph (Playmoor silty clay loam)

Ta (Tonka silty clay loam, 0 to 1% slopes)

Vb (Vallers-Parnell complex)

W (Water)

Z101A (Tonka silty clay loam, 0 to 1% slopes)

Z102A (Badger-Tonka silty clay loam, 
0 to 1% slopes)

Z105A (Oldham silty clay loam, coteau,
0 to 1% slopes)

Z106A (Southam silty clay loam, 0 to 1% slopes)

Z107A (Parnell silty clay loam, 
coteau, 0 to 1% slopes)

Z110A (Vallers loam, coteau, 0 to 1% slopes)

Z112A (Vallers-Hamerly loams, 
coteau, 0 to 2% slopes)

Z113A (Vallers-Parnell complex, 
coteau, 0 to 2% slopes)

Z114A (Hamerly-Tonka complex, 
coteau, 0 to 2% slopes)

Z115A (Hamerly-Badger complex, 
coteau, 0 to 2% slopes)

Z116A (McKranz-Hidwood, frequently flooded, 
silty clay loams, 0 to 2% slopes)

Z117A (McKranz-Badger silty clay loams, 
0 to 2% slopes)

Z119A (Hamerly-Balaton loams, coteau,
0 to 3% slopes)

Z128B (Hetland silty clay loam, 2 to 6% slopes)

Z131A (Forman-Aastad loams, 
coteau, 0 to 2% slopes)

Z131B (Forman-Aastad loams, 
coteau, 1 to 6% slopes)

Z132B (Forman-Buse-Aastad loams,
coteau, 1 to 6% slopes)

Z132C (Forman-Buse-Aastad loams,
coteau, 2 to 9% slopes)

Z132D (Forman-Buse-Aastad loams,
coteau, 2 to 15% slopes)

Z135D (Forman-Buse loams, 
very stony, 2 to 15% slopes)

Z136F (Buse-Langhei complex, 
very stony, 9 to 40% slopes)

Z137F (Buse-Forman loams, 
very stony, 15 to 40% slopes)

Z140F (Buse-Langhei complex, 
coteau, 15 to 40% slopes)

Z141A (Barnes-Svea loams,
coteau, 0 to 2% slopes)

Z141B (Barnes-Svea loams,
coteau, 1 to 6% slopes)

Z142B (Barnes-Buse-Svea loams, 
coteau, 1 to 6% slopes)

Z142C (Barnes-Buse-Svea loams, 
coteau, 2 to 9% slopes)

Z143C (Barnes-Buse loams,
coteau, 6 to 9% slopes)

Z144E (Buse-Barnes loams,
coteau, 9 to 20% slopes)

Z145D (Buse-Barnes loams, coteau,
very stony, 2 to 15% slopes)

Z145F (Buse-Barnes loams, coteau,
very stony, 9 to 40% slopes)

Z146F (Buse-Lamoure, channeled, frequently
 flooded, complex, 0 to 40% slopes)

Z148F (Buse very stony-Lamoure, channeled, 
frequently flooded, complex, 0 to 40% slopes)

Z149F
(Buse-Langhei, very stony-La Prairie, 
channeled, occasionally flooded, complex, 
0 to 60% slopes)

Z150A (Rauville silty clay loam, coteau,
 frequently flooded, 0 to 1% slopes)

Z152A (Lamoure silty clay loam, coteau, 
occasionally flooded, 0 to 1% slopes)

Z153A (Lamoure-Rauville silty clay loams, channeled, 
frequently flooded, 0 to 2% slopes)

Z157A (Fairdale loam, channeled,
frequently flooded, 0 to 2% slopes)

Z158A (Marysland loam, occasionally flooded,
0 to 1% slopes)

Z159A (Divide loam, 
occasionally flooded, 0 to 2% slopes)

Z160A (Moritz, occasionally flooded-Lamoure, 
frequently flooded, complex, 0 to 2 % slopes)

Z161A (Spottswood loam, 
occasionally flooded, 0 to 2% slopes)

Z162A (La Prairie loam, coteau, 
occasionally flooded, 0 to 2% slopes)

Z166A (Fordtown loam, rarely flooded, 0 to 2% slopes)

Z167A (Renwash loam, rarely flooded,
0 to 2% slopes)

Z171A (Renshaw-Fordville loams, coteau,
0 to 2% slopes)

Z171B (Renshaw-Fordville loams, coteau,
2 to 6% slopes)

Z172A (Renshaw loam, coteau,
0 to 2% slopes)

Z172B (Renshaw loam, coteau,
2 to 6% slopes)

Z173B (Renshaw-Sioux complex, coteau,
2 to 6% slopes)

Z173C (Renshaw-Sioux complex, coteau,
6 to 9% slopes)

Z174D (Sioux-Renshaw complex, coteau,
9 to 15% slopes)

Z174F (Sioux-Renshaw complex, coteau,
15 to 40% slopes)

Z175D (Renshaw-Sioux complex, very stony,
2 to 15% slopes)

Z176C (Arvilla-Sandberg sandy loams, 
coteau, 6 to 9% slopes)

Z177 (Udorthents, coteau (gravel pits))

Z178A (Rentill loam, coteau, 0 to 2% slopes)

Z179F (Sioux-Renshaw complex,
very stony, 15 to 40% slopes)

Z184E (Maddock loamy fine sand, 9 to 25% slopes)

Z185A (Egeland-Embden complex,
coteau, 0 to 2% slopes)

Z185B (Egeland-Embden complex,
coteau, 2 to 6% slopes)

Z186B (Maddock-Egeland sandy 
loams, coteau, 2 to 6% slopes)

Z186C (Maddock-Egeland sandy 
loams, coteau, 6 to 9% slopes)

Z190A (Brookings silty clay loam, 0 to 2% slopes)

Z192A (Vienna-Brookings complex, coteau, 0 to 2% slopes)

Z192B (Vienna-Brookings complex, coteau, 1 to 6% slopes)

Z193C (Vienna-Buse complex, coteau, 6 to 9% slopes)

Z194A (Barnes clay loam, coteau, 0 to 2% slopes)

Z194B (Barnes clay loam, coteau, 2 to 6% slopes)

Z198A (Vienna-Forestville loams, coteau, 0 to 2% slopes)

Z199B (Vienna-Barnes-Forestville loams, 1 to 6% slopes)

Z205B (Mauvais clay loam, occasionally ponded,
 extremely stony, 2 to 6% slopes)

Z217A (McKranz silty clay loam, 0 to 2% slopes)

Z250A (Rauville mucky silty clay loam, ponded,
 frequently flooded, 0 to 1% slopes)

Z252A (Hidewood silty clay loam,
frequently flooded, 0 to 2% slopes)
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FIGURE 14 
Common Sound Levels in the Environment 

COMMON INDOOR SOUNDS   Sound Pressure 
Level, dba 

COMMON OUTDOOR SOUNDS 

--------  Jet takeoff at 300 feet 

-------- Jet flyover at 1,000 feet 

-------- Heavy truck at 50 feet 

--------  Gas lawnmower at 3 feet 

-------- Noisy urban daytime 

-------- Gas lawnmower at 100 feet 

-------- Auto (60mph) at 100 feet 

-------- Heavy traffic at 300 feet 

-------- Quiet urban daytime 

-------- Quiet urban nighttime 

-------- Quiet suburban nighttime 

-------- North rim of Grand Canyon  

Quiet rural nighttime 

Rock band-------- 

Inside subway train (NYC)-------- 

Food blender at 3 feet-------- 

Garbage disposal at 3 feet-------- 

Shouting at 3 feet-------- 

Vacuum cleaner at 10 feet-------- 

Normal speech at 3 feet-------- 

Quiet speech at 3 feet-------- 

Dishwasher next room-------- 

Soft whisper at 3 feet-------- 

Library-------- 

Bedroom at night-------- 

Broadcast and recording studio-------- 

Threshold of hearing-------- 
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Sources, as cited by Epsilon Associates Inc, November 19, 

2018: 

1. Harris, Cyril, “Handbook of Noise Acoustical Measurements and 

Noise Control”, p 1-10., 1998 

2. “Controlling Noise”, USAF, AFMC, AFDTC, Elgin AFB, Fact Sheet,

August 1996 

3. California Dept. of Trans., “Technical Noise Supplement”, Oct,

1998 
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The following table is a summary of significant communication with federal, state, local agencies, and Tribes in chronological order. 

Appendix B. Agency Coordination Dates and Correspondence 

Date  Agency  Event and Participants 

November 26, 2007  Department of the Interior, United States Fish 
and Wildlife Service (USFWS) ‐ Ecological Services 

Letter ‐ Wind Energy Project Coordination, Eastern and 
North Central South Dakota; from Pete Grober, Field 
Supervisor, South Dakota Field Office, USFWS to Erik W. 
Jansen, Biologist, Tetra Tech EC, Inc. 

December 3, 2007  South Dakota Game, Fish, and Parks (SDGFP)  Letter ‐ Environmental review of Eastern and North‐central 
Wind Resource Area as potential wind power project areas; 
from Silka L. F. Kempema, Wildlife Biologist, SDGFP to Erik 
W. Jansen, Biologist, Tetra Tech EC, Inc.

February 5, 2010  USFWS  Letter ‐ Proposed Crowned Ridge Wind Energy Center, 
Codington and Grant Counties, South Dakota; from Pete 
Grober, Field Supervisor, South Dakota Field Office, USFWS 
to Anne‐Marie Griger, Tetra Tech EC, Inc. 

February 11, 2015  SDGFP  Letter ‐ Crowned Ridge Wind Energy Center in Codington and 
Grant Counties, South Dakota; from Anne‐Marie Griger, 
Tetra Tech, Inc., to Jeff Vonk, Secretary of SDGFP. 

February 11, 2015  USFWS  Letter ‐ Crowned Ridge Wind Energy Center in Codington and 
Grant Counties, South Dakota; from Anne‐Marie Griger, 
Tetra Tech, Inc., to Scott Larson, Field Supervisor, South 
Dakota Field Office, USFWS. 

March 23, 2014 (date is 
incorrect and is actually 
March 23, 2015) 

USFWS  Letter ‐ Crowned Ridge Wind Energy Center, Codington and 
Grant Counties, South Dakota; From Scott Larson, Field 
Supervisor, South Dakota Field Office, USFWS to Anne‐Marie 
Griger, Tetra Tech, Inc. 

April 19, 2017  USFWS and SDGFP  Technical memorandum re: Crowned Ridge II Project 
Background. Delivered via email. 

April 20, 2017  USFWS and SDGFP  Conference call to discuss Crowned Ridge II project. 
Participants were Natalie Gates, USFWS Biologist, South 
Dakota Field Office; Natoma Hansen, USFWS 
Refuge Manager, Madison Wetland Management District; 
Connie Mueller, USFWS Project Leader, Waubay National 
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Date  Agency  Event and Participants 

Wildlife Refuge Complex; Silka Kempema, Wildlife Biologist, 
SDGFP; Kim Wells, Manager – Mid Continent Region, 
Environmental Services, NextEra Energy Resources (NextEra);
Tyler Wilhelm, Project Manager – Wind Development 
NextEra; Patrick Flowers, Manager of Environmental 
Services, Xcel Energy; Kely Mertz, Senior Project Manager,  
SWCA Environmental Consultants (SWCA). 

May 24, 2017  Sisseton Wahpeton Oyate of the Lake Traverse 
Reservation (SWO) 

Cultural resource survey planning meeting.  
Participants were: Dianne Desrosiers, SWO Tribal Historic 
Preservation Officer (THPO); Rick Wadleigh, Senior 
Environmental Analyst, SWCA; Rich Estabrook, 
Archaeologist, NextEra; Carolyn Stewart, Director Tribal 
Relations, NextEra; Michelle Phillips, Environmental Services, 
NextEra; Scott Phillips, Senior Cultural Anthropologist, SWCA; 
Norma Crumbley, Principal, SWCA; Stephen Sabatke, 
Archaeologist, HDR; Jenkins Cloud, CRP Ranger, SWO THPO; 
Vine T. Marks, Sr., SWO Cultural Preservation Board (CPB) 
Chair; Wayne Cloud, 106 Coordinator Assistant, SWO THPO; 
Jim Whitted, 106 Coordinator, SWO THPO. 

June 14, 2017  South Dakota State Historical Society (SDSHS)  Technical memo ‐ Crowned Ridge Wind Energy Facility 
Overview and Cultural Resources Review. 

June 15, 2017  SDGFP  Project email – data request from Kely Mertz, Senior Project 
Manager, SWCA to Travis Runia, SDGFP. 

June 19, 2017  SDSHS  Project kickoff call to discuss June 14, 2017 memo. 
Participants were: Paige Olson, SDSHS; Kate Nelson, SDSHS; 
Jenna Dietmeir, SDSHS; Scott Phillips, Senior Cultural 
Anthropologist, SWCA; Norma Crumbley, Principal, SWCA; 
Kim Wells, Manager – Mid Continent Region, Environmental 
Services, NextEra; Carolyn Stewart, Director Tribal Relations, 
NextEra; Richard Estabrook, NextEra; Stephen Sabatke, 
Archaeologist, HDR. 

June 19, 2017  SWO, Yankton Sioux Tribe (YST), and Spirit Lake 
Nation (SLN) 

Cultural resource survey field work kickoff meeting. 
Participants were: Dianne Desrosiers, SWO THPO; Amaris 
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Date  Agency  Event and Participants 

Makesgood, SLN; Andrew Meng, SWO; Angelique Kitto, 
SWO; Carolyn Stewart, Director Tribal Relations, NextEra; 
Chris Shelton, SWCA; CJ Jones, YST; Dylan Eigenberger, 
Archaeologist, HDR; Erika Eigengerger, Archaeologist, HDR; 
Jason Burkard, Archaeologist, SWCA; Jenkins Cloud, SWO; 
Jim Whitted, 106 Coordinator, SWO THPO; Keith Winckler, 
YST; Londel Seaboy, SWO; Rich Estabrook, Archaeologist, 
NextEra; Rick Wadleigh, Senior Environmental Analyst, 
SWCA; Scott Phillips, Senior Cultural Anthropologist, SWCA; 
Stephen Sabatke, Archaeologist, HDR; Steve Cummins, 
Archaeologist, SWCA; Vine T. Marks, Sr., SWO CPB Chair. 

July 11, 2017  SDGFP  Email data response to June 15, 2017 project email; from 
Travis Runia, SDGFP to Kely Mertz, Senior Project Manager, 
SWCA. 

July 12, 2017  SDGFP  Project letter ‐ Crowned Ridge I and II Wind Energy Projects 
in Codington, Deuel, and Grant Counties, South Dakota; from 
Kely Mertz, Senior Project Manager, SWCA to Silka 
Kempema, Wildlife Biologist, SDGFP. 

July 12, 2017  USFWS  Project letter ‐ Crowned Ridge I and II Wind Energy Projects 
in Codington, Deuel, and Grant Counties, South Dakota; from 
Kely Mertz, Senior Project Manager, SWCA to Natalie Gates, 
Biologist, USFWS. 

August 1, 2017  SDGFP  Email data response to July 12, 2017 project letter; from 
Casey Heimerl, SDGFP to Kely Mertz, Senior Project 
Manager, SWCA. Spatial data were provided as an 
attachment to the email.  

April 20, 2018  SDGFP  Project email – data request from Kely Mertz, Senior Project 
Manager, SWCA to Casey Heimerl, SDGFP. 

April 24, 2018  SDGFP  Email data response to April 20, 2018 project email; from 
Casey Heimerl, SDGFP to Kely Mertz, Senior Project 
Manager, SWCA. Spatial data were provided as an 
attachment to the email.  
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Nov 27 07 11 :54a US Fish and Wildlife Serv 605-224--997 4 p.2 

United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
Ecological Services 

420 South Garfield Avenue, Suite 400 
Pierre, South Dakota, 57501-5408 

Mr. Erik W. Jansen, Biologist 
Tetra Tech EC, Inc. 
I 750 SW Harbor Way, Suite 400 
Portland, Oregon 97201 

Dear Mr. Jansen: 

November 26, 2007 

Re: Wind Energy Project Consultation, 
Eastern and North Central South 
Dakota 

lbis Je,tter is in response to your request dated October 19, 2007, for listed threatened or 
endangered species and environmental comments regarding the above referenced project. Your 
letter indicates a general interest in wind energy development in all or portions of five counties in 
eastern and north-central South Dakota: the West half (W ½) of Grant County, the Northeast 
quarter (NE 1/4) of Codington County, the Westbalf(W ½) and South half(S ½) ofDeuel 
County, the Northeast quarter (NE 1/4) of Brookings County, and all ofMcPherson County. 

In accordance with section 7(c) of the Endangered Species Act, as amended, 16 U.S.C. 1531 et 
seq., we have determined that the following federally listed species may occur in the project area 
(this list is considered valid for 90 days): 

Species 

American burying beetle 
(Nicrophorus americanus) 

Western prairie fringed orchid 
{Platanthera praeclara) 

Topeka shiner 
(Notropis topeka) 

Whooping crane 
(Grus americana) 

Dakota skipper 
(:Hesperia dacotae) 

Status 

Endangered 

lbreatened 

Endangered 
I 

Endangered 

Candidate 

Expected Occurrence 

Historic Records, No Recent 
Specimens, Brookings County, 

Possible Habitat, No Recent 
Specimens, Brookings County. 

Known Resident in Codington, 
Deuel, and Brookings Counties. 

Migration Records in Codington and 
McPherson Counties. 

Resident in Brookings, Codington, 
Deuel, Grant, and McPherson 
Counties. 
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Nov 27 07 11 :54a US Fish and Wildlife Serv 605-224-997 4 p.3 

2 

While historic records of the American burying beetle exist for Brookings County, recent 
doc~entation of the_ species ½1 South Dakota has occurred only in Todd, Gregory, and Bennett 
Counties. The Amencan burymg beetle was formerly known fo occupy a broad geographic 
range, and habitat was not thought to be limiting. However, recent studies have shown some 
preference by this species for sandy or sandy-loam grasslands with interspersed stands of low-

. meadow cottonwoods. If this type of habitat exists at the proposed project areas, surveys for the 
American burying beetle should-be considered and any results reported·to·this office: 

The Western prairie fringed orchid has not recently been documented in South Dakota 
However, the life cycle of the plant often makes it difficult to detect. Additionally, populations 
currently exist in the neighboring states of Nebraska, Iowa, Minnesota, and North Dakota, and 
potential habitat may still be found in South Dakota. Although the plant is typically associated 
with intact native prairie, the Western prairie fringed orchid has also been found on disturbed 
sites. Potential habitats generally include mesic upland prairies, wet prairies, sedge meadows, 
subirrigated prairies, and swales in sand dune complexes. If these habitats exist within the 
proposed project areas, surveys for the Western prairie fringed orchid should be considered prior 
to construction. 

Topeka shiners are known to occupy numerous small streams within eastern South Dakota within 
the Big Sioux, Vermillion, and James River watersheds. Activities affecting instream habitat of 
waterways within any of these three watersheds (e.g., road crossings, loss of riparian buffer) have 
the potential to adversely impact this minnow. 

The single self-sustaining migratory population of whooping cranes remaining in the wild 
migrates through South Dakota as it travels between northern breeding grounds and southern 
wintering areas. The species occupies numerous habitats such as cropland and pastures; wet 
meadows; shallow marshes; shallow portions of rivers, lakes, reservoirs, and stock ponds; and 
both freshwater and alkaline basins for feeding and loafing. Overnight roosting sites frequently 
require shallow water in which they stand and rest. Line strike mortality is one of the greatest 
threats to this species; collisions with distribution and transmission lines are the highest known 
source of mortality to fledged whooping cranes. Interactions of the species with wind turbines is 
currently not known but, as large birds with low maneuverability, they are deemed likely to be 
susceptible to collision mortality with turbines as well. It is also possible that these birds may 
avoid wind farm areas entirely, thereby suffering a loss of potential stopover habitat in South 
Dakota. Additionally, should construction occur during spring or fall migration, the potential for 
disturbances to whooping cranes exists. Any whooping crane sightings should be reported to this 
office. While the species :&as been noted further east in South Dakota, McPherson County is 
included as part of the species' primary migration corridor. 

The Dakota skipper may also occur on some of the proposed project areas. The Dakota skipper 
is a candidate species and accordingly is not, at present, provided Federal protection under the 
Endangered Species Act. Their candidate status defines these butterflies as a species in decline 
that the U.S. Fish and Wildlife Service (Service) believes needs to be listed as threatened or 
endangered, but listing is currently precluded by other priorities. Dakota skippers are obligate 
residents of high quality prairie ranging from wet-mesic tallgrass prairie to dry-mesic mixed 
grass prairie. In northeastern South Dakota, Dakota skippers inhabit dry-mesic hill prairies with 
abundant purple coneflower but also use mesic to wet-mesic tallgrass prairie habitats 
characterized by wood lily and smooth cam as. If this type of habitat exists in the proposed 
project areas, surveys for the species should be considered and results reported to this office. 
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Please note that the bald eagle (Haliaeetus leucocepha]us) also occurs throughout South Dakota 
throug~out the year, and new nests are appearing annually. While Endangered Species Act 
protectmns for the bald eagle have been removed, effective Airgust &, 2007, the species will 
continue to be protected under the Migratory Bird Treaty Act (MBTA) and the Bald and Golden 
Eagle Protection Act (BGEP A). These laws protect bald eagles from a variety of harmful actions 
and impacts. Our agency has developed guidance for the public regarding means to avoid take of 
the-bald-eagle under-these-laws, -- The Natianal-Bald·Eagle-M1illagementc-Guidelines- are available 
online at http://www.fws.gov/migratorybirds/baldeagle.htm. We recommend that you review 
these guidelines as they serve to advise you of circumstances where the laws may apply to your 
activities so that you may avoid potential violations of this law on future projects. 

In addition to concerns related specifically to threatened and endaogered species, primary 
concerns of the Service regarding wind farms are collision mortality, the loss of habitat, and 
habitat avoidance behaviors by wildlife. While there is still much to be learned regarding wind 
turbine-wildlife interactions, we do know that wind turbines can have adverse impacts on some 
species. Recent studies of grassland nesting birds have shown a tendency for avoidance of areas 
immediately surrounding turbines; thus, when considering the issues of habitat fragmentation and 
grassland bird avoidaoce, the area impacted may be larger than the final footprint of the project. 

The Service has developed voluntary interim guidelines to assist energy companies in 
accomplishing the goal of reducing the risk posed by turbines to wildlife. You may access these 
guidelines on the internet at: http://www.fws.gov/habitatconservation/wind.htm. The guidelines 
stress the importana; of proper evaluation of potential wind turbine development sites, proper 
location and design of turbines and related facilities, and pre- and post-construction research and 
monitoring. 

Areas of interest identified in your letter contain grassland with relatively high density of a 
variety of wetland types interspersed, McPherson County in particular. Areas in northeastern 
South Dakota contain ridge lines and rolling topography with quality forest/shrub/grass habitats. 
Thus, some areas identified in your letter may exhibit relatively high value for wildlife, 
particularly avian species. Currently the best means of avoiding impacts to wildlife by wind 
fanns is to avoid such high wildlife use areas. Placement of turbines within existing cropland or 
in/near developed areas is recommended for this reason. 

If placement of wind fartns and associated facilities must occur within intact native habitats, 
offsetting and/or mitigative measures should be considered to compensate for loss and 
fragmentation of wildlife habitat. Additionally, a mixture of native grasses and forbs typical of 
those found in this region should be planted to reclaim temporarily disturbed areas. Monitoring 
and contingency measures should be worked into reclamation plans to ensure that the native 
prairie is reestablished and that invasive weeds do not overtake disturbed sites. 

Please note that the South Dakota Department of Game, Fish and Parks (SDDGFP) has 
coordinated with the South Dakota Public Utilities Commission (SD PUC) regarding distribution 
of the SDDGFP's "Siting Guidelines for Wind Power Projects in South Dakota" to wind 
developers intending to construct projects within the state of South Dakota. You may wish to 
contact the SDPUC and/or the Wildlife Diversity Division of the SDDGFP in Pierre, South 
Dakota, for more information. Contact information may be found on their respective web sites: 
http:l/www.state.sd.us/puc/ index.htm and http://www.sdgfp.info/Wildlife/Diversityfmdex.htm. 
The guidelines themselves may be found on the internet at 
http:l/www.sdgfp.info/wildlife/diversity/windpower.htm. 
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Additionally, bats are known to suffer mortality due to collisions with wind turbines. The 
SDDGFP has completed a State Management Plan for bats and may be able to provide additional 
information and/oz: recommendations regarding this project. If-you have not already done so, 
please contact Ms. Silka Kempema at the SDDGFP-Wtldlife Division, Joe Foss Building,. 523 
East Capitol Avenue, Pierre, South Dakota 57501, Telephone No. (605) 773-2742, for more 
information. · 

The Northern Prairie Wildlife Research Center of Jamestown, North Dakota, has initiated studies 
of avian responses to wind turbines in both North Dakota and South Dakota. This research may 
be relevant to your project. We recommend that you contact Ms. Jill Shaffer of the Northern 
Prairie Wildlife Research Center at (701) 253-5547 for more information. 

Please note that the Service owns easement rights on numerous private properties in the state in 
addition to fee title ownership of Waterfowl Production Areas (WPA). Concentrations of 
WP A's and easements are further indication of high wildlife values of certain areas in South 
Dakota. The Service currently has a policy regarding placement of turbines on easements. We 
refer you to our Wetland Management Districts for actions that may impact easements or WP A,s 
(see table below) and anticipate being kept informed of any actions that may impact these 
properties. 

Office .Jurisdiction Address Phone 

Madison Wetland Deuel, Brookings P.O. Box 48, (605) 256-2974 
Management District Madison,.SD 57042 

Waubay Wetland Grant Codington 44401 134A Street (605) 947-4521 
Management District Waubay, SD _57273 

Sand Lake Wetland McPherson 39650 Sand Lake Drive (605) 885-6320 
Management District Columbia, SD 57433 

Although your letter did not mention meteorological towers, it is our understanding that 
meteorological towers are often constructed in association with wind turbines and that these 
structures are often similar in design to typical communications towers: tall, light~ lattice 
structured, and guyed. These types of towers can be problematic for birds that may fly into the 
light of the towers and may become reluctant to leave the lighted area, particularly during 
inclement weather. Mortality results as the birds circle the structure and collide with the guy 
wires or the lattice of the tower itself. We presume that if meteorological tower(s) have not 
already been established as part of the proposed projects, they may be in the future. We 
recommend review of the guidance set forth in U.S. Fish and Wildlife Service Interim Guidelines 
for Recommendations on Communications Tower Siting, Constructions, ()peration and 
Decommissioning available on the internet at 
http://migratorybirds.fws.gov/issues/towers/comtow.html, and application of any retrofit 
measures possible to minimize the threat of avian mortality. 

As with towers, the above ground utilities proposed in associati~n with turbine projects 
( overhead transmission or distribution lines and substations) pose the risk of collision mortality 
and/or electrocution of birds. In addition to whooping cranes (previously mentioned), thousands 
of other birds are killed annually as they attempt to utilize overhead power lines or areas near 
power lines as nesting. hunting, resting~ feeding, and. sunning sites. Transmission lines are 
typically less problematic than distribution lines in terms of electrocutions due to their relatively 
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larger size and spacing between conductive components but still pose a collision mortality risk. 
Proposed substations may also pose a risk of electrocutions. 

5 

We recommend the installation of underground, rather than overhead, power lines whenever 
possible and appropriate to minimize avian mortality and environmental disturbances. For all 
new above ground facilities, overhead lines or modernization of old overhead lines, we 
recommend incorporating measures to-prevent-avian electrocutions-and-collisions. ·The 
publication entitled "Suggested Practices for Avian Protection on Power Lines• The State of the 
Art in 2006" has many good suggestions including pole extensions, modified positioning oflive 
phase conductors and ground wires, placement of perch guards and elevated perches, elimination 
of cross arms, use of wood (not metal) braces, and installation of various insulating covers. You 
may obtain this publication by contacting the Edison Electric Institute on the internet via their 
website at www.eei.org or by calling 1-800--334-5453. 

Additional information regarding simple, effective ways to prevent raptor electrocutions on 
power lines is available in video form. "Raptors at Risk" may be obtained by contacting EDM 
International, Inc. at 4001 Automation Way, Fort Collins, Colorado 80525-3479, Telephone No. 
(970) 204-4001, or by visiting their web site at http://www.edrolink.com/raptorvideo.htm. 

We also recommend marking overhead lines in order to make them more visible to birds. 
Orange or yellow aviation balls are frequently used for this purpose, but other types of marking 
devices are also available. For more information on bird strikes, please see "Mitigating Bird 
Collisions With Power Lines: The State of the Art in 1994" which may be obtained by 
contacting the Edison Electric Institute at the same web site and telephone number listed above. 

The Service has coordinated with the Avian Power Line Interaction Committee (APLIC) to 
develop guidelines to assist utility companies in formulating Avian Protection Plans. These 
plans are utility-specific and designed to reduce avian and operational risks that result from avian 
interactions with electric utility facilities. We submit that these guidelines may also be adapted 
to wind farms, and we encourage wind energy facilities to investigate the formulation of Avian 
Protection Plans for their projects. These guidelines may be accessed at the APLIC' s web site, 
http://www.aplic.org/. 

The Service's guidance on bald eagles, communications towers, and wind turbines, as well as the 
APP guidelines and "Suggested Practices _ .. " publications will provide some protection for 
migratory birds; however, implementation of these measures will not remove any liability should 
violations of the law occur. Please be apprised of the potential application of the Migratory Bird 
Treaty Act of 1918 (MBTA), as amended, 16 U.S.C. 703 et seq., and the Bald Eagle Protection 
Act of1940 (BEPA), as amended, 16 U.S.C. 668 et seq., to the project(s). The MBTA does not 
require intent to be proven and does not allow for "take," except as permitted by regulations. 
Section 703 of the MBTA provides: "Unless and except as permitted by regulations ... it shall 
be unlawful at any time, by any means, or in any manner, to ... take, capture, kill, attempt to 
take, capture, or kill, possess ... any migratory bird, any part, nest, or eggs of any such bird .... " 
The BEPA prohibits knowingly taking, or taking with wanton disregard for the consequences of 
an activity, any bald or golden eagles or their body parts, nests, or eggs, which includes 
collection, molestation, disturbance, or killing activities. 

Our foremost recommendation to preclude impacts to migratory birds, federally listed species, 
and other wildlife by wind energy development is to avoid placing wind farms in high wildlife 
use areas. 
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If the a Federal agency is involved in the proposed projects, that agency or their designated 
representative must determine whether adverse affects may be· incurred on listed species in South 
Dakota and, if so, should request formal consultation from this-office. If a "may affect - not 
likely to adversely affect" determination is made for this project, it should be submitted to this 
office for concurrence. If a "no effect" determination is made, further consultation may not be 
necessary. However, a copy of the determination should be sent to this office. Private 
companies-with-no-Federal nexus-should be-advised-of the pQtential.to impact.listed-species and 
note that avenues exist to obtain take permits for their actions via further consultation with this 
office. 

If changes are made in the project plans or operating criteria, or if additional information 
becomes available, the Service should be informed so that the above determinations can be 
reconsidered. 

The Service appreciates the opportunity to provide comments. If you have any questions 
regarding these comments, please contact Natalie Gates of this office at (605) 224-8693, 
Extension 234. 

cc: USGS; Jamestown, ND 
(Attention: Jill Shaffer) 

Secretary, SDDGFP; Pierre, SD 
(Attention: Silka Kempema) 

USFWS; Madison, SD 
(Attention: Tom Tornow) 

USFWS; Waubay, SD 
(Attention: Larry-Martin) 

USFWS; Columbia, SD 
(Attention: Gene Williams) 

Sincerely, 

'6~ 
Pete Gober 
Field Supervisor 
South Dakota Field Office 
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U.S. FISH AND WILDLIFE SERVICE 

South Dakota Field Office 
420 South Garfield Avenue, Suite 400 

Pierre, South Dakota 57501-5408 

Commercial Telephone (605) 224~8693 
Facsimi1e Telephone (605) 224-9974 

E-Mail Address: R6FWE_PIE@fws.gov (Ecological Services) 
R6FFA_ GRP@fws.gov (Great Plains FWMAO) 

Voice Mail Extensions 

p.1 

Dane Shuman ,-.. ·--··· 233 
Wayne Stancill ......... -. 226 
Greg Wanner ... - ...... -. 225 

******************************************************** 
FACSIMILE TRANSMITTAL COVER 
******************************************************** 

Number Of Pages (Including Cover): --+-,1,.-- Date: / / /2- 7 j_cf7 
I I 

TO ~ L -Ja~ ~,, 
AGENCY Te-kr.t.. ~ CITY :Por-t-{o,,J STATE G~ 
FACSIMILE NO. s-03 22.. 7 /2sr7 COMMERCIAL NO. _______ _ 

FROM ./Otl/4,4; c:z4;; 
SUBJECT hrd Pm~ -VsPt,,.£ A~ 

.,- I 

MESSAGE __________________________ _ 
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December 3, 2007 

Erik W. Jansen, Biologist 
Tetra Tech EC, Inc. 

DEPARTMENT OF GAME, FISH AND PARKS 
Foss Building 
523 East Capitol 
Pierre, South Dakota 57501-3182 

1750 SW Harbor Way, Suite 400 
Portland, OR 97201 

Dear Mr. Jansen: 

RE: Environmental review of Eastern and North
central Wind Resource Area as potential wind 
power project areas 

The following comments are in response to your letter dated 19 October 2007 requesting 
environmental considerations and concerns of the Eastern (Wl/2 Grant Co., NE 1/4 Codington 
Co., Wl/2, Sl/2 Duel Co., and NEl/4 Brookings Co.) and North-central (McPherson County) 
Wind Resource Areas. 

The proposed siting and operation of these wind power projects have potential to directly and 
indirectly impact area wildlife by killing bats and birds through wind turbine and power line 
strikes and altering important and declining habitats and breeding and movement behavior of 
wildlife. While we applaud efforts to provide alternative energy sources, we offer the following 
considerations for your planning efforts, encouraging responsible siting and mitigation where 
appropriate to avoid or lessen direct and indirect impacts; As requested, I have provided separate 
comments for each wind resource area in addition to final comments that apply to any other 
potential wind power project in South Dakota. 

Eastern Wind Resource Area (EWRA) 

Grasslands~ The EWRA is located within the tall-grass prairie zone. Native grasslands within 
this zone are decreasing at an alarming rate. Less than one percent of native tall-grass prairie 
.habitat in South Dakota remains (Samson et al. 1998). Other grassland types such as rangeland 
(grazed grasslands with native plant spp.), pasture (grazed grasslands with non-native plant spp.) 
and Conservation Reserve Program lands (tilled land planted to vegetative cover) serve as 
grassland wildlife habitat (Haufler 2005). Fragmentation resulting from woody encroachment, 
road construction, and conversion of surrounding habitat has resulted in the remaining grassland 
habitats existing as smaller disjunct patches. Patches often provide less suitable habitat for many 
native species of grassland wildlife. Some of the last remaining contiguous grasslands tracts 
occur along the Coteau escarpment that angles through the EWRA. 

Wildlife Division: 605/773-3381 Parks and Recreation Division: 605/773-3391 FAX: 605/773-6245 TTY: 605/773-3381 
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Grassland birds - Placement of turbines in this area may fragment grassland wildlife habitat 
reducing its suitability to serve as habitat and modify behavior of grassland bird species, a group 
of species which has shown the most consistent and long term declines of any other group of bird 
species in North America (Peterjohn and Sauer 1999). This area is known to have abundant 
sharp-tailed grouse populations. Greater prairie chickens also are present. The greater prairie 
chicken is a species known to be area-sensitive, requiring comparatively large tracts of open, 
contiguous grassland. The lesser prairie chicken, a similar species found more commonly in the 
southern Great Plains, avoids nesting within 400 m of transmission lines or improved roads 
(Pitman et al 2004). This highly suggests that placement of turbines and associated 
infrastructure (roads and transmission lines) may also negatively affect greater prairie chickens. 

Birds are susceptible to direct strikes with wind turbines. Based on a study conducted in the 
Buffalo Ridge area of Minnesota, species with known wind turbine strike mortality and are 
known to occur in the EWRA include grasshopper sparrow and western meadowlark (Higgins et 
al 2007). 

Properly timed, species-appropriate surveys for prairie grouse (greater prairie chickens and 
sharp-tailed grouse) and other grassland bird species should be conducted pre-construction. 
Prairie grouse surveys should be conducted in spring when breeding individuals are on 
communal display grounds (leks). Surveys for other breeding grassland birds are best conducted 
in June, although mid-May through early July is acceptable. 

Butterflies - Four rare butterfly species are located within the EWRA. These species are 
classified as Species of Greatest Conservation Need, as listed in our State Wildlife Action Plan 
(http://www.sdgfp.info/Wildlife/Diversity/Cornp_Plan.htrn) and are rare species monitored by 
our Natural Heritage Program (NHP). They include: 1) Dakota skipper, 2) Powesheik 
skipperling, 3) regal fritillary, and 4) Ottoe skipper. 

The range of the Dakota skipper in South Dakota is limited to eleven counties in the north 
eastern portion of the state. The Dakota skipper requires native mid- to tall-grass prairie and is 
found on rolling rangeland with abundant wetlands. Larval host plants are grasses, especially 
little bluestem. Flight of emerging adults occurs from June to mid-July. This species is a 
candidate for listing under the Federal Endangered Species Act (ESA). As such, I recommend 
contacting the U.S. Fish and Wildlife Ecological Services Field office in Pierre, South Dakota 
(605-224-8693) for further information regarding the protection of this species required under 
ESA. Current threats to this species include, but are not limited to, improper land management 
uses, agricultural cultivation, road construction, and invasive plant species. South Dakota 
populations are important to the existence of this species and approximately half of known 
populations are located on private lands. 

The Powesheik skipperling distribution in South Dakota also is limited to eleven counties in the 
north eastern portion of the state. The Powesheik skipperling prefers native tall-grass prairie and 
wetlands. Larval host plants are sedges. Flight of emerging adults occurs primarily in July. 
Threats include excessive prescribed burning, loss of habitat due to conversion to other uses, 
invasive plants, population isolation, and extreme population crashes. 

2 
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The regal fritillary is rapidly declining across its range in the United States. In South Dakota, its 
range is restricted to native prairie sites. Some of the last strongholds ofthis species are located 
in prairie states, such as South Dakota, with areas of large expanses of suitable habitat (such as 
the EWRA) that support larval host plants (violets). Flight periods are from June to September. 
Threats include loss and fragmentation of habitat to agriculture ( excluding grazing or haying), 
conversion to cropland, woody encroachment, chemicals (e.g., pesticides and herbicides), and 
improper fire management. 

The Ottoe skipper also requires relatively undisturbed native prairie with nectar sources 
( coneflowers, grayfeathers, asters, etc). It is uncommon to rare throughout the state. Peak flight 
for the Ottoe skipper is in mid-July. The reduction and degradation of prairie habitat is the main 
threat to this species. 

The conservation of the four rare butterfly species documented in the EWRA requires protection 
of remaining undisturbed tracts of native prairie with associated nectar sources and larval host 
plants. There are potential disturbances to these rare butterfly species associated with the 
construction and maintenance of a wind power project. Road construction and turbine pad 
maintenance increases the chances of non-native, invasive plant species invasion. Chemical 
control of these species is a known threat. Pre-construction surveys for these species should be 
conducted during the appropriate times (flight periods). Construction in areas that are or 
potential butterfly habitat should be avoided. 

Wetlands - The proposed project area is located within the Prairie Pothole region. This 
glaciated region, characterized by high densities of wetland basins of various depths and sizes, 
extends from Iowa into Minnesota, the Dakotas, Montana and parts of Canada. It is the major 
waterfowl production area in North America. Wetland losses in the Prairie Pothole Region are 
staggering and range from 99% in Iowa to 35% in South Dakota. Wetland basin densities(# of 
basins/IO mi2) in the EWRA range from 90 to over 420 basins/IO miles2. More specifically, this 
area is known to have some of the highest seasonal and semipermanent wetland basin densities 
in the state (Johnson and Higgins 1997). These remaining, high density wetlands provide critical 
wildlife habitat. 

Wetland birds - Waterbird species such as loons, black terns, great egrets, and green backed 
herons are known to occur in the EWRA. Abundant waterfowl such as mallard, blue-winged 
teal, redhead, ruddy duck, American coot, and bufflehead also can be found in the area. Birds 
are susceptible to direct strikes with wind turbines. Based on a study conducted in the Buffalo 
Ridge area of Minnesota, species with known wind turbine strike mortality and are known to 
occur in the EWRA include ruddy duck, American coot, and Franklin's gull (Higgins et al 2007). 
Proper siting of turbines outside of daily and seasonal migration routes of waterbirds and 
waterfowl and the protection of remaining wetlands within the proposed project area is crucial to 
reduce the impact to wetland dependent species. 

Bats - Bats forage and migrate along rivers, streams, and lakes. Construction of a wind power 
plant may affect daily and seasonal bat movements between breeding and foraging areas. 
Thirteen species of bats are found in South Dakota, some ofwhich,are summer residents, year
round residents, or migratory (Table 1). 
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Table 1. South Dakota Bats 
Common Name Scientific Name State Residencv 
Big Brown Bat Eptesicus fuscus Year-round resident 
Fringed Myotis Myotis thysanodes Year-round resident 
Little Brown Myotis Myotis lucifugus Year-round resident 
Long-eared Myotis Myotis evotis Year-round resident 
Long-legged Myotis Myotis volans Year-round resident 
Northern Myotis Myotis septentrionalis Year-round resident 
Townsend's Big-eared Bat Corynorhinus townsendii Year-round resident 
Western Small-footed Myotis Myotis ciliolabrum Year-round resident 
Hoary Bat Lasiurus cinereus Summer resident 
Silver-haired Bat Lasionycteris noctivagans Summer resident 
Evening Bat Nycticeius humeralis Migratory 
Eastern pipistrell Pipistrellus subjlavus unclassified 

There has been limited research conducted on bats in South Dakota. However, Swier (2006) 
reported four species of bats occurring near the EWRA: 1) big brown bat, 2) Eastern red bat, 3) 
hoary bat, and 4) little brown myotis. 

Six bat species are considered rare and monitored by the NHP: 1) long-eared myotis, 2) fringed 
myotis, 3) Northern myotis, 4) silver-haired bat, 5) Townsend's big-eared bat, and 6) evening 
bat. Although the NHP data base has no records of theses species in the proposed project area, 
this does not preclude the presence of any of these species in the area. Because of limited, 
EWRA-specific data, we would suggest pre-construction surveys of the area for potential bat 
habitat and species. Surveys for species should be conducted for at least one full year before 
construction . 

. Recently, South Dakota Department of Game, Fish and Parks (SDGFP) in cooperation with the 
South Dakota Bat Working Group (SDGWG), developed a South Dakota Bat Management Plan 
specific to bats and their habitats in South Dakota 
(http://www.sdgfp.info/Wildlife/Diversity/batmanagmentplan 71304. pdf). Please review this 
document for pertinent information. Again, because bats reside and migrate through South 
Dakota. it is important to evaluate the propose project area for roosting, feeding, migration 
and/or stopover habitat and to survey these areas for bats. 

Landscape considerations - Placement of a wind power project should take into accowit larger 
landscape-level (e.g. surrounding land uses) and cumulative impacts (e.g. existing and potential 
wind power projects) as well as project associated infrastructure (i.e. transmission lines and 
roads). 

Public lands - Several Game Production Areas within the EWRA are managed by SDGFP. 
Placement of public lands is often done so in areas with existing and potential wildlife habitat. 
Management of these lands, for wildlife, is conducted in the public interest. In addition, several 
USFWS Waterfowl Protection Areas are also located within the EWRA. Public lands managed 
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for wildlife may be affected by the placement of a wind power project in the vicinity. 

Migrating wildlife - The resulting mosaic of grassland and wetland basins and corridors makes 
it an important migration route for birds (e.g., neotropical migrants, shorebirds, and waterfowl). 
The Central Flyway, an important pathway for migratory ducks, geese, swans, and cranes runs 
through the midsection of the country, including South Dakota. Species using this flyway during 
migration, and particularly during inclement weather when birds alter their flight altitude, may 
suffer increased mortality due to direct strikes with wind turbines and associated power lines. 
Appropriately timed, pre-construction surveys for migratory bird species should be conducted. 
Spring migration can begin as early as late-March, early-April, tapering off in mid-May, 
depending on the species. Fall migration can begin as early as mid-July and extend through 
October/November depending on weather conditions and species. 

Powerlines - Construction of powerlines is often associated with a proposed wind power project. 
Power line strikes are a known cause of mortality to birds (Erickson et al. 2005). Waterfowl 
( ducks, geese, swans, and cran,es ), raptors, and passerines are species most susceptible to 
powerline collisions. The Avian Protection Power line Interaction Committee (APLIC) has 
d~veloped two documents that may be of use to reduce powerline strikes and mortality: 1) 
'Suggested Practices for Avian Protection on Power Lines: The State of the Art in 2006' and 2) 
'Mitigating Bird Collisions with Power lines'. Both of these documents are available from the 
Edison Institute (http://www.aplic.org/, under 'products and services'). The new and existing 
power lines associated with the proposed project should be buried, marked, or retrofitted to 
reduce strikes and electrocutions of bird species. 

Non-native species - During the construction and maintenance phase of a wind power project 
existing roads often experience increased traffic and new roads are constructed. This increases 
the amount of area disturbed and allows for the introduction and establishment of non-native 
species. Resulting control of those species through pesticides and herbicides may also impact 
habitats ofrare wildlife species. Non-native species are one of the major threats to rare and 
declining wildlife species. Improved access can also increase human activity in the area. 

The matrix of grassland and wetland habitats in the proposed project area plays a crucial role in 
the life history of several wildlife species whether migratory or resident. Because of the 
potential impacts placement of the proposed wind power project would have on unique and 
declining habitats in the region and their associated species, we recommend the placement of 
turbines in areas currently disturbed (e.g. cultivated areas) and the use of existing infrastructure 
(roads and transmission lines) as much as possible. 
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North-central Wind Resource Area (McPherson County) 

Grassland habitat- McPherson County is located within the mixed-grass prairie zone. In the 
United States, native mixed-grass prairie is disappearing at an alarming rate. In South Dakota, 
the area of mixed-grass prairie has decreased 70% (Samson et al. 1998). The native prairie that 
still remains is most often grazed (i.e. rangeland). These and other grassland types such as 
pasture (grazed grasslands of non-native plant spp.) and Conservation Reserve Program lands 
(tilled land idled and planted to vegetative cover) also serve as grassland wildlife habitat (Haufler 
2005). Fragmentation resulting from woody encroachment, road construction, and conversion 
of surrounding habitat has resulted in the remaining grassland habitats existing as smaller 
disjunct patches. Patches often provide less suitable habitat for many native species of grassland 
wildlife. McPherson County has large tracts of contiguous grassland habitat (including 
rangeland) located along the ridge extending through Wacker, Weber;Hoffman, and Central 
McPherson townships. 

Grassland birds - Placement of turbines in this area may fragment grassland wildlife habitat 
reducing its suitability to serve as habitat and modify behavior of grassland bird species, a group 
of species which has shown the most consistent and long term declines of any other group of 
species in North America (Peterjohn and Sauer 1999). Two grassland bird species, Baird's 
sparrow and Sprague's pipit, are known to occur in McPherson County. Range-wide, both of 
these species have exhibited significant long term negative population trends. In South Dakota, 
these species hold special conservation status and are classified as Species of Greatest 
Conservation Need, as listed in our State Wildlife Action Plan 
(http://www.sdgfp.info/Wildlife/Diversity/Comp_Plan.htm) and are rare species monitored by 
our NHP. In addition, these species are considered Grassland Species of Concern in South 
Dakota (Bakker 2005). Regionally they are Species of Special Concern as defined by Partner's 
in Flight and are considered a Species of Conservation Concern by the USFWS. The amount of 
emphasis placed on the conservation of these species indicates populations are declining, 

Baird's sparrows breed in the north-western and north-central part of the state. Throughout most 
of its breeding range, it is known to prefer native mixed grass prairie interspersed with forbs 
(broad-leaved, herbaceous plant), moderate amounts oflitter (dead layers of vegetation), and 
little to no shrub cover. Although the Baird's Sparrow has a strong tendency to prefer native 
prairie, it can be observed in non-native grasslands (e.g. crested wheatgrass) that provide 
appropriate habitat structure. Baird's sparrows are known to prefer large patches of grassland 
habitat and show avoidance of areas with extensive woody vegetation and areas near roads. 

Sprague's pipits are found in the northwestern portion of the state, preferring plains and short
grass prairie with intermediate vegetation height. This species prefers native prairie, although 
they are known to occupy habitat consisting of non-native plant species. Sprague's pipits are 
most common in large contiguous grassland areas and are known to be area sensitive. 

Properly timed, species-appropriate pre-construction surveys should be conducted for grassland 
bird species. Surveys for most breeding grassland birds are best conducted in June, although 
mid-May through early July is suitable. Prairie grouse surveys should be conducted in spring 
when breeding individuals are on communal display grounds (leks). 
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Wetland habitats - McPherson County is located within the Prairie Pothole Region. This 
glaciated region, characterized by a diversity and quantity of basin wetlands, extends from Iowa 
into Minnesota, the Dakotas, Montana and parts of Canada. It is the major waterfowl production 
area in North America. Wetland losses in the Prairie Pothole Region are staggering and ranging 
from 99% in Iowa to 3 5% in South Dakota. Tirroughout McPherson County, wetland basin 
density is high (270 - over 420 basins/10 mi2). More specifically, the eastern quarter of the 
County has some of the highest concentrations of temporary and seasonal wetlands (Johnson and 
Higgins 1997) in the state. Remaining wetlands provide important wildlife habitat. 

Wetland birds - In terms of waterfowl breeding activity, the western two-thirds of McPherson 
County has over 100 breeding duck pairs/mi2. This is some of the highest breeding waterfowl 
densities in the Prairie Pothole region. Conservation of this habitat also is critical to waterbirds 
and shorebirds for breeding, feeding, and migration habitat. 

Bird diversity - Reflective of the diversity and quality of native wetland and grassland habitats 
in the region, the northeastern portion of McPherson County has some of the highest bird species' 
richness in the state (Peterson 1995). This is based upon data gathered from a five-year, state
wide breeding bird survey efforts. 

Bats - Bats forage and migrate along rivers, streams and lakes. Construction of a wind power 
project may affect daily and seasonal bat movements between breeding and foraging areas. 
Thirteen species of bats are found in South Dakota, some of which are summer residents, year
round residents, or migratory (Table I). There has been limited research conducted on bats in 
South Dakota, especially in McPherson County. The NHP database has no records of bat species 
considered rare in the proposed project. However, this does not preclude the presence of any of 
these or other bat species in the area. Because of limited information on bats in McPherson 
County, we would suggest pre-construction surveys of the area for potential bat habitat and 
species. Surveys for species should be conducted for at least one full year before construction. 

Recently, SDGFP in cooperation with the SDBWG, developed a South Dakota Bat Management 
Plan specific to bats and their habitats in South Dakota 
(http:/ /www.sdgfp.info/Wi1d1ife/Diversity/batmanagmentplan71304.pdf). Please review this 
document for pertinent information. Again, because bats reside and migrate through South 
Dakota. it is important to evaluate the propose project area for roosting, feeding, migration 
and/or stopover habitat and to survey these areas for bats. 

Landscape considerations - Placement of a wind power project should take into account larger 
landscape-level (e.g. surrounding land uses) and cumulative impacts (e.g. existing and potential 
wind power projects) as well as project associated infrastructure (i.e. transmission lines, roads). 

Public lands - Several Game Production Areas within McPherson County are managed by 
SDGFP. Placement of public lands is often done so in areas with existing and potential wildlife 
habitat. Management of these lands, for wildlife, is conducted in the public interest. In addition, 
several U.S. Fish and Wildlife Service Waterfowl Protection Areas are also located within 
McPherson County. Public lands managed for wildlife may be affected by the placement of a 
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wind power project in the vicinity. 

Migrating wildlife - The resulting mosaic of grassland and wetland basins and corridors in the 
County make it an important migration route for birds (e.g., neotropical migrants, shorebirds, 
waterfowl). The Central Flyway, an important pathway for migratory ducks, geese, swans, and 
cranes runs through the midsection of the country, including South Dakota. Species using this 
flyway during migration, and particularly during inclement weather when birds alter their flight 
altitude, may suffer increased mortality due to direct strikes with wind turbines and associated 
power lines. Appropriately timed, pre-construction surveys for migratory bird species should be 
conducted. Spring migration can begin as early as late-March, early-April, tapering off in mid
May, depending on the species. Fall migration can begin as early as mid-July and extend 
through October/November depending on weather conditions and species. 

Powerlines - Construction ofpowerlines is often associated with a proposed wind power project. 
Power line strikes are a known cause of mortality to birds (Erickson et al. 2005). Waterfowl 
(ducks, geese, swans, and cranes), raptors, and passerines are species most susceptible to 
powerline collisions. The Avian Protection Power line Interaction Committee (APLIC) has 
developed two documents that may be of use to reduce powerline strikes and mortality: I) 
'Suggested Practices for Avian Protection on Power Lines: The State of the Art in 2006' and 2) 
'Mitigating Bird Collisions with Power lines'. Both of these documents are available from the 
Edison Institute (http://www.aplic.org/, under 'products and services'). The new and existing 
power lines associated with the proposed project should be buried, marked, or retrofitted to 
reduce strikes and electrocutions of bird species. 

Non-native species - During the construction and maintenance phase of a wind power projects 
existing roads often experience increased traffic and new roads are constructed. This increases 
the amount of area disturbed and allows for the introduction and establishment of non-native 
species. Resulting control of those species through pesticides and herbicides may also impact 
habitats ofrare wildlife species. Non-native species are one of the major threats to rare and 
declining wildlife species. Improved access can also increase human activity in the.area. 

The matrix of grassland and wetland habitats in the proposed project area plays a crucial role in 
the life history of several wildlife species whether migratory or resident. Because of the 
potential impacts placement of the proposed wind power project would have on unique and 
declining habitats in the region and their associated species, we recommend the placement of 
turbines in areas currently disturbed (e.g. cultivated areas) and the use of existing infrastructure 
(roads and transmission lines) as much as possible. 
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Research and Monitoring 

As outlined above, our agency has concerns regarding direct and indirect impacts to wildlife and 
habitats in association with the siting of the proposed project. Before project construction, 
appropriate monitoring should be conducted to determine bird and bat use of the project areas. 
Based upon results of these studies, project construction should be modified, continued, or 
cancelled. If the project is continued, monitoring should be conducted for a minimum of two 
years post-construction to determine if and how many bird and bat strikes are caused by this 
project, if habitats have been significantly altered, and if the surrounding public lands and their 
uses have been impacted. Any mitigation should be carefully planned, funded, and followed. 

If monitoring involves live trapping or collection of wildlife species, you must first obtain a 
collection permit from our agency. Also, we kindly request that if you or your associates 
observe any of the animal (http://www.sdgfp.info/Wildlife/DiversitytRareAnimal.htm) or plant 
species (http://www.sdgfp.info/Wildlife/Diversity/rareplant2002.htm) monitored by the NHP, 
please contact myself or any of our NHP staff 
(http://www.sdgfp.info/Wildlife/Diversity/staff_contact.htm). 

In coordination with the SDBWG, the SDGFP has developed 'Siting Guidelines for Wind Power 
Projects in South Dakota' This document addresses many of the concerns involved with siting 
wind power projects in South Dakota and may be found at on the world wide web 
(http://www.sdgfp.info/Wildlife/Diversity/windpower.htm). I have enclosed a copy for your 
convenience. 

The SDGFP appreciates the opportunity to provide comments on the proposed project wind 
resource areas. As plans are further refined, I would be willing to conduct a site visit with you or 
your associates to continue to provide siting recommendations to reduce conflicts with wildlife. 
If you have any questions on the above comments, please feel free to contact me at 605-773-
2742 or Silka.Kempema@state.sd.us. 

Regards, 

Silka L. F. Kempema 
Terrestrial Wildlife Biologist 

CC: Natalie Gates, US Fish and Wildlife Service, Pierre, SD 
Will Morlock, SD Game, Fish and Parks, Watertown, SD 
Mary Clawson, SD Game, Fish and Parks, Aberdeen, SD 
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(!(I.J--() 113 
United States Department of the Interior 

Ms. ~Marie Origer 
Tetra Tech, EC Jnc. 

FISH AND Wll.DLIFE SERVICE 

Ecologica)Sm,ices 
420 Soutb Garfield Avenue, Suite 400 

Pierre. South Dakota 57501-5408 

February S, 2010 

7800 Shoal Creek Boulevard, Suite 253 East 
Austin, Texas 78757 

Deat Ms. Origer: 

Re: Proposed Crowned Ridge Wind Energy 
Center, Codington and Grant Counties, 
South Dakota 

11lis letter is in response to your request dated December 7, 2009, for environmental commen:ts 
regarding the above referenced project involving construction of a wind fann up to 150 
megawatts in size and an associated 34-mile transmission line. The proposed location of the 
project is north and east of the city of Watertown and includes various sections within Townships 
118- 121 North, Ranges 48-52 West, Codington and Grant Counties, South Dakota. Herein we 
provide infonnation regarding U.S. Fish and Wildlife Service (Service) trust reoo~ including 
easement properties, federally end8J)gered species, eagles, birds of conservation concern, and 
other migratory birds that may occur in the project area. We have included recommended 
measures to be applied to various components of a wind farm, including meteorological towers, 
power lines, and the tmbines themselves in order to minimize impacts to Service trust resources 
and to assist the deveJopment company in achieving compliance with Federal laws. 

Threatened/Endangered Species 

In accordance with section 7(c) of the Endangered Species Act (ESA), as ammded, 16 U.S.C. 
l S3-l--et seq., we have deta1nined that1he following federally listed-species may occur in the 
project area (this list is considered valid for 90 days): 

Species 

Topeka shiner 
a,Jetrgpis. l2R!tJt) 

Status 

Endangered 

Eqected Occurrence 

Known Resident 

Topeka shiners are known to occupy numerollS small streams within eastern South Dakota and 
are concentrated within the Big Sioux, Vermillion, and James River watersheds. Willow Creek 
in the Big Sioux watershed of Codington County is a known occupied stream with a tributary 
that appears to fall within the project area. Project activities that may impact this wataway 
directly or indirectly have the potential to negatively affect the Topeka shiner. The Service 
recommends avoidance of these impacts~ particularly related to instream work. Further 
consultation may be required to determine the possibility of adverse affects to this speeies. 
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As indicated by Appendix 1 included with your letter (Summary of Surveys Conducted to Date), 
you are aware that the Dakota skipper (Hes_peria dacotae) is known to occur in northeastern 
South Dakota. The Dakota skipper is a candidate species and accordingly is not, at present, 
provided Federal protection under the ESA. Their candidate status defines these butterflies as a 
species in decline that the Service believes needs to be Jisted as threatened or endangered, but 
listing is currently precluded by other priorities. Dakota skippers are obligate residents of high 
quality prairie ranging from wet-mesic tallgrass prairie to dry-mesic mixed grass prairie. In 
northeastern South Dakota, Dakota skippers inhabit dry-mesic hill prairies with abundant purple 
coneflower but also use mesic to wet-mesic tallgrass prairie habitats characterized by wood lily 
and smooth camas. J>er your surveys, it appears that significant percentages of good to excellent 
Dakota skipper grasslands exist in the project area. -Surveys for this species by a qualified 
biologist may be useful to confinn the ranking of habitat (excellen4 good, poor) descnlJed in the 
summary of surveys. The Service requests the results of any such surveys and recommends 
avoidance and minimization of impacts to Dakota skipper habitats. 

If a Federal nexus exists for this project and the Federal action agency or theit designated 
representative determines that the project "may adversely affect" listed species in South Dakota, 
it should request fonnal-consultation fiom1his office. If a "may affect - not likely to adversely 
affect" determination is made for this proj~ it should be submitted to this office for 
concurrence. If a "no effect" determination is made, further consw.tation may not be necessary; 
however, a copy of the detennination should be forwarded to our office. 

Please note that, if impacts tQ federally listed species may occur as a result of p{Ojects with no 
Federal nexus, avenues to avoid violations of section 9 of the ESA should be investigated via 
contact with this office. 

Bald and Golden Eagles 

A golden eagle was reported in Appendix 1 included with your Jetter (Summary of Surveys 
Conducted to Date). Please note also that the bald eagle (Haliaeetus leucocg>balus) occms 
throughout South Dakota in all seasons, and new nests are appearing each year. While ESA 
protections for the bald eagle have been removed, effective August 8, 2007, both bald and golden 
eagles will continue to be protected under the Migratory Bird Treaty Act (MBTA) and the Bald 
and Golden Eagle Protection Act (BGEP A) {more on these laws below). These laws protect 
eagles ftom a variety ofbannful actions and impacts. The Service has developed guidance for 
the public regarding means to avoid take of the bald eagle under these laws. The "National Bald 
Eagle Management Guiilennes ~ are availaole onlme at: 
http://www.fws.gov/migratorybirds/baldeagle.htm. We recommend :reviewing these guidelines 
as they serve to advise of circumstances where these laws may apply and to assist in avoiding 
potential violations on this and future projects. Additionally, permit regulations have been 
published for bald eagles and golden eagles. These regulations may be folllld in the Federal 
Register (Volume ·74~ No. 175, Friday, September 11, 2009) online at: 
http://www.gpoaccess.gov/fr/index.html. 

Birds of Conservation Concern 

Your survey efforts revealed South Dakota state-sensitive species in the project area. Please note 
that the Migratory Birds Division of the Service has identified bird species of conservation 
concern: "Birds of Conservation Concern 2008" may be fonnd online at: · 
http://www.nvs.gov/migratorybirds/NewReportsPublications/SpecialTopicslBCC2008JBCC2008 
.pdf. This document i& intended to identify species in need of coordinated and proactive 
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conservation efforts among State, Federal, and private entities, with the goals o precluding 
future evaluation of these species for ESA protections and promoting/conserving long-tcan 
avian diversity. A primacy threat to many of these species is habitat loss and fragmentation. 

In accordance with Executive Order 13186 regarding migratory bird protection, we ~end 
avoidance, minimization, and finally compensation to reduce the impacts to species protected by 
the MBTA. Compliance with this law may be partially addressed in an Avian and Bat 
Protection Plan (see below); however, a separate mitigation plan that specifically addresses direct 
and indirect take of birds during and after construction is also recommended. Particularly if 
placement must occur within intact native habitats, we strongly recommend development of 
mitigative/offsetting measures for this habitat and its associated wildlife. 

U.S. Geological Sarvey {USGS) Research 

The USGS's Northern Prairie Wildlife Research Center in Jamesto~ North Dakota, has 
initiated studies of avian responses to wind turbines in both North Dakota and South Damta. 
Their research may be relevant to your project~ depending on habitat within the project area. We 
recommend that you contact Ms. Jill Shaffer of the Northern Prairie Wildlife Research Center at 
Telephone No. (701) 253-5547 for more infonnation and for the possibilif.y of participation in 
that research. 

Service Wetland Management District 

Our-records indicate that the Service holds easements on some of the properties proposed for 
construction, and your letter indicates that you have been in contact with the Habitat and 
Population Evaluation Team's office to obtain the locations of these easements. If you have not 
already done so, pleMe also contact Mr. Lany Martin of the Service's Waubay Wetland 
Management District at 44401 134A Street, Waubay, South Dakota 57273, Telephone No. 
(605) 947-4521, for additional information. 

Bats 

Bats are known to suffer mortality due to direct collisions with wind tmbines, and it has been 
recently determined that many also die as a result of air pressure changes at the turbine. blades 
that cause intema1 injuries. The South Dakota Department of Game, Fish and Parks (SDDGFP) 
bas completed a State management plan for bats and may be able to provide additional 
infonnation and/or recommendations on bats relative to this project. Your letter states that you 
have contacted the SDDGFP; ~ -you mayliave already received a response ftom Silka 
Kempema of that agency~ Nonethel~ her contact infonnation is SDDGFP-Wildlife Division, 
Joe Foss Buildin& 523 East Capitol Avenue, Piem; South Dakota 57501, Telephone No. (605) 
773-2742. 

Fisheries 

As per the map sent with your letter, the project area contains the Whetstone River and the North 
Fork Yellow Bank River whidi have-beeD classified by tbe Service as Type II,. High Priority 
Fishery Resources. Riverine and riparian anm lll'O'among the highest resource priorities in this 
region of the Service. We recommend: minbni:zarion of impacts to these resources and 
mitigation of all unavoidable habitat losses. The following methods sbou1d be implemented to 
minimize environmental impacts: 
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I. Instream wotk should not be undertaken during fish spawning periods. Most spawning 
occurs in April, May, and Jtme. 

2. Stream bottoms and wetlands impacted by construction activities should be restored to 
pre-project elevations. 

3. Removal of vegetation and soil should be accomplished in a manner to reduce soil 
erosion and to disturb as little vegetation as possiole. 

4. Grading operations and reseeding of native species should begin immediately following 
construction. 

4 

5. If trees or brush will be impacted by the project, a ratio of at l~t 2:1 acres planted versus 
acres impacted should be incorporated into mitigation plans for the project. 

Wetlands 

According to National Wetlands Inventory maps (available online at http://wetlands.fws.gov/), 
munero-us wetlands exist within _the proposed project area. If a project may impact wetlands or 
other important fish and wildlife habitats, the Service, in accordance with the National 
Enviromnental Policy Act of 1969 (42 U.S.C. 4321-4347) and other environmental laws and 
ml~, recommends complete avoidance of these areas, if possible; then minimization of any 
adverse impacts; and finally, replacement of any lost acres; in that order. Alternatives should be 
examined and the least damaging practical alternative selected. If wetland impacts are 
unavoidable, a mitigation plan addresmng the n~ber and types of wetland acres to be impacted 
and the methods of replacement should be prepared and submitted to the resource agencies for 
rev.iew. 

Wind Turbine Guidelines 

Among the Service's primary concerns regarding wind tmbines are avian collision mortality and 
the loss of habitat/habitat avoidance behaviors by wildlife, including federally listed species as 
indicated above. While there is still much to be learned regarding wind tmbine-wildlife 
interactions, we do know that wind turbines can have adverse impacts on some species_ Turbine 
locatio~ spacing, aspect, lighting, size, and design are all potential factors related to the risk 
posed to resident and migratory wildlife as are the types of surrounding habitats, their use by 
vario ~of wildlife, lands~ f~ prey base, migration corridors, and behavioral 
pa collision mortality is a concern as is loss ofbabitat caused by the footprint of the 
turbines and·associated roads and ~ along with impacts that can occur with 
encroachment of invasive weeds as a result of these disturbances. Recent studies of grassland 
nesting birds have shown a- tendency for avoidance of areas immediately surrounding turbines,. 
causing indirect habitat loss as well. Cmrently, perhaps the best means of avoiding impacts to 
wildlife is to avoid placing wind farms within high wildlife use areas. Placement of tuibines 
within existing cropland or other disturbed areas is recommended for this- reason. 

The Service.has developed voluntary "Interim Guidelines to.Avoid and.Minimize Wildlife 
Impacts from Wind Turbines,. to assist energy companies in accomplishing the goal of n:ducing 
the risk posed by turbines to wildlife. These guidelines may be accessed on the internet-at: 
http://www.fws.gov/habitatconservation/Service%20Interim%20Guidelines.pdf. The guidelines 
stress the importance of proper evaluation of potential wind turbine development sites (via 
development of a Potential Impact Index score for the proposed site and a reference area), 
appropriate location and design of turbines and related facilities, and pre-- and post-construction 
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research and monitoring. If the~ project is to be construct~ we request the results of 
any pro-/post--constniction WJ1dlife monitoring, including any incidental mortality detected. 

Pleue note that the SDDGFP bas coordinated with the South Dakota Public Utilities 
Commission (SDPUC) regarding distribution ofSDDGFP•s "Siting Guidelines/or Wind Power 
Projects in South Dakota H to wind developers intending to construct projects within the state of 
South Dakota. You may wish to contact the SDPUC and/or the Wildlife Diversity Division o_f 
the SDDGFP in Pierre for more information. Contact information may be found on their 
respective websites: http://puc.sd.gov/ and bttp:J/www .sdgfp.info/Wtldlife/Diversity(mdex.htm. 
The guidelines themselves may be found onJine at: 
http://www.sdgfp.infolwildlifeldiversity/windpower.httn. 

Meteorological Towen 

Meteorofogical towers constructed in association with wind turbines are often similar in design 
to typical communication towers: tall, lighted, lattice structur~ and guyed. These types of 
towers can be problematic for~ particularly during inclement weather, as they enter the 
lighted ar~ become reluctant to leave it, and suffer mortality as they circle the structure and 
collide with the guy wires or the lattice tower itself. We recommend following the gnidance set 
forth in "US. Fish and Wildlife Service Interim Guide/jnes for Recommendations on 
Communications Tower Siting. Co-nstructions, Operation and Decommissioning, .. fom1d online 
at http://www.fws.gov/habitatconservation/communicationtowers.html, to rninimi:re the threat 
of avian mortality at these towers. Monitoring at these towers would provide insight to the 
effectiveness of the minimization measmes. We request the results of any wildlife monitoring 
and any data obtained regarding wildlife mortality at towers associated with this project. 

In order to obtain information on the usefulness of the counnunications tower guidelines in 
preventing birds strikes and to identify any recurring problems with their implementation which 
may necessitate modificationst please advise us of the final location and specifications of any 
towers associated with the wind turbine project and which of the measures recommended for the 
protection of migmory birds were implemented. If any of the recommended measures cannot be 
implement~ please explain why they were not feasible. A Tower Site Evaluation Fonn is also 
available via the above comnnmication tower website 
(http://www.fws.gov/habitatconservation/communicationtowers.btml). If meteorological towers 
are to b~ constructed, please complete this fonn and forward it to our office. 

Power Lines 

The construction of additional overhead power lines associated with wind farms creates the threat 
of avian electrocution, particularly for raptors, and collisions. Thousands of these~ 
including endangered species, are killed annually as they attempt to utilize overhead power lines 
as nestin& bun.tin& resting, feeding, and sunning sites.. The Se.mc;,e recommends the installation 
of unoetground, raSher than ovemead, power lines whenever possi"bldapp1op1iate to nrini:nfrre 
environmental disturbances. For all new overhead lines or modernization of old overhead lines, 
we recommend incorporating measures to prevent avian electrocutions. The publication entitled 
"Suggested Practices for Avian Protection on Power Lines - The State of the Art in 2006" bas 
many good suggesti~ including pole extemions>- modified positioning of live phase conductors 
and gro1D1d wires, placement of perch guards and elevated'perch~ e)jmjnati.on of cross arms, use 
of wood (not metal)~ and installation of various insulating covers. You may obtain this 
publication by CODtacting the Edison Electric Institute via their website at www .eei.org or by 
calling 1-800-334-54S3. 
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Please note that utilizingjust one of the "Suggested Practices ..• " methods may not entirely 
remove the threat of electrocution 10 raptors. In fact, impioper use of some methods may 
increase electrocution mortality. Perch guards, for example, may be only partially effective as 
some birds may still attempt to perch on structures with misplaced or small-sized guards and 
suffer electrocution as they approach too close to conducting materials.. Among the most 
dangerous structures to raptors are poles that are located at a crossing of two or more lin~, 
exposed above-ground transformers, or dead end po]es. Numerous hot and neutral lines at these 
sites, combined with inadequate spacing between conduct~ increases the threat of raptor 
electrocutions. Perch guards placed on other poles bas in some cases served to actually shift 
birds to these more dangerous sites, increasing the number of mortalities. Thus, it may be 
necessary to utilize other methods or combine methods to achieve the best results. The same 
principles may be applied to substation structures. 

Please also note that the spacing recommendation within the "Suggested Practices ... ,. 
publication of at least 60 inches between conductors or featmes that cause grounding may not be 
protective oflarger raptors such as eagles. This measure was based on the fact that the skin.-to
skin contact distance on these birds (i.e.~ talon to~ wrist to wrist, etc.) is Jess than 60 inches. 
However, an adult eagle's wiQgspan (distance between feathertips) may vary from 66 to 96 
inches depending OB the species {golden er bald) and gender of the bird. Unfortunately, wet 
feathers in contact with conductors and/or grounding connections can result in a lethal electrical 
surge. 11w8> the focus of the above precautionary measures should be to a) provide more than 96 
inches of spacing between conductors or grounding features, b) insulate exposed conducting 
featmes so that contact will not cause raptor electrocution, and/or c) prevent raptors from 
perching on the poles in the first pJace. 

Additional infortnation regarding simple, effective ways to prevent raptor electrocutions on 
power lines is available in video fonn. "Raptors at Risk" may be obtained by contacting EDM 
International,, Inc. at 4001 Automation Way, Fort Collins, Colorado 80525-3479, Telephone 
No. (970) 204-400 I, or by visiting their website at: http://www.edmlink.com/raptorvideo.htrn. 

In addition to electrocution, overhead power lines also present the threat of avian line strike 
mortality. Particularly in situanons where these lines are adjacent to wetlands or where waters 
exist on opposite sides of the lines, we recommend m.arking them in order to make them more 
visi'ble to birds. For more information on bird strik~ please see "Mitigating Bird Collisions 
With Power Lines: The State of the Art in 1994" which may be obtained by contacting the 
Edison Electric Institute at the same website and telephone nmnber listed above. Please note 
~ wbiJe marking of power lines reduces line strike mortality, it does not preclude- it entirely. 
Thus, mar.king of additional, existing, overhead lines is recommended to further offset the 
potential for avian line strike mortality. 

Avian Protection Plans 

As a means to address some of the above issues, the Service has coordinated with the Avian 
Po er Line lntelltetion Committee (APLIC) to develop guidelines to assist companies in 
fommlatingAvian (and Bat) Protection Plans (APP). APPs are utility-specific and designed to 
~ avian. and operational risks that resuJt from avian interactions with electric utility 
facilities, but they may be adapted to wind energy facilities as well and include consideration of 
bat species which are known to suffer mortality at wind farms. We encourage project dr:velopers 
to investigate the formulation of an Avian (and Bat) Protection Plan for specific projects and 
perhaps genaate APPs attlle company level. 1be APP pidelines.may be accessed at: 
http://www.fin.gov. ~ • . . 
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The Service has developed an online reporting system for mortalities. Instructions for our "Bird 
Fatality/Injury Reporting Program .. may be found online at: 
http://www.aplic.org/USFWS _ BirdF atality _Filerlnstructions.pdf, and the reporting site itself is 
located on1ine at: https://birdreport.fws.gov/. Migratory bird mortalities or injmies located by 
your company, contractors, or other individuals should be recorded to this online site within 30 
days of discovery. Use of this reporting program will benefit migratory birds by increasing our 
tracking capability of activities impacting migratory birds.. This program may be used to 
compliment an Avian (and Bat) Protection Plan. 

l\1BTA and BGEPA 

Although adherence to the Service's recommendations will provide some protection for 
migratory ~ implementation of these measures alone will not remove any liability should 
violations of the law occur. The MBT A pro)ulrits the taking, kiHing, possession, transportation, 
and importation of migratory birds, their eggs, parts, and nests, except when specifically 
authorized by the Department of the Interior. The BGEPA proln"bits knowingly taking, or taking 
with wanton disregard for the consequences of an activity, any bald or golden eagles or their 
body parts, nests, or eggs, which includes collection, molestation, disturbance, or killing 
aetivities (again, refer to the new regulations regarding take of eagles in the September 11, 2009> 
publication of the Federal Register for additional information). 

While the MBTA has no provision for allowing unauthorized take, the Service realizes that some 
birds may be killed as a result of this project even if all reasonable measures to protect them are 
used. The Service's Office of Law Enforcement carries out its mission to protect migratory birds 
through investigations and enforcement as well as by fostering relationships with individuals, 
companies, and industries that have taken effective steps to urinimiu their impacts on migratory 
birds and by encouraging others to enact such programs. It is not possi'ble to absolve individuals, 
companies, or agencies from liability even if they implement avian mortality avoidance or 
similar conservation measures. However, the Office of Law Enforcement focuses its resources 
on investigating and prosecuting individuals and companies that take migratory birds without 
regard for their actions or without following specific agreements to avoid take. 

In SUDlJD8IY > the following items are pertinent to the proposed project, and we recommend 
a<Jdremng these issues it7when the project~: 

✓ ESA listed species impacts: Topeka shiner 

✓ Bald and golden eagle impacts (BOEP A anctMB'iAJ 

✓ Migratory bird impacts {MBTA)1 including Birds of Conservation Coooem, with 
application of pre-lpost-construction monitoring and mortality data and 
mitigative/offsetting measures to be coordinated with and reported to the Service 

✓ USGS avian/wind studies and potential participation in their ongoing research 

✓ Service easement impacts 

✓ Fisheries and wetlands impacts 

✓ SDOOFP wind siting guidelines and bat issues 
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• 

✓ Existing guidelines for various project components: 

a) Wind farm siting: Service's "Interim Guidelines to Avoid and Minimize Wildlife 
lmpacta from Wind Turbines., 

8 

b) Meteorological Towers: Service"s "Interim Guidelines for Recommendaticms on 
Communications Tower Siting, Constructions, Operation and Decomm'issioning" 
and the associated Tower Site Evaluation Form 

c) Overhead power lines: APLIC's "BMggested Practices for Avian Protection on 
Power Lines: The State of the Art in 1(J(J6" and "Mitigating Bird Collisions With 
Power Lines: The State of the Art in 1994" 

d) Overall project construction/operation: Service's "National Bald Eagle 
Management Guidelines," .APLIC's "Avian Protection Plan Guidelines."" and the 
Semce's "Bird Fatality/Injury Reporting Program" 

If changes are made in the project plans or operating criteria, or if additional information 
becomes available, the Service should be informed so that the above determinations can be 
reconsidered. 

The Service appreciates the opportunity-to provide comments. If you have any questions on 
these comments, please contact Natalie Gates of this office at {605) 224-8693, Extension 234. 

ce: Service/Waubay WMD; WaubaY> SD 
(Attention: Larry Martin) 

Secretary~ SDDGFP; Pierre, SD 
(Attention: SiDca Kempe.ma) 

USGSJNPW.RC; Jiiniitown, ND 
(Attention: Jill Shaffer) 

SDPUC; Pierre:o SD 
(Attention: Brian Rollllds) 

Sincerely, 

{~~ 
Pete Gober 
Field Supervisor 
South Dakota Field Office 

Exhibit A1-B

 
007150

ADMINISTRATIVE RECORD - Scan 7 - Page 3 of 149

- Page 2324 -



 

 

 

 

 

 

 

 

 

 

This Page Intentionally Left Blank 

Exhibit A1-B

 
007151

ADMINISTRATIVE RECORD - Scan 7 - Page 4 of 149

- Page 2325 -



February 11, 2015

Mr. Jeff Vonk
Secretary
South Dakota Game Fish and Parks
523 East Capitol Avenue
Pierre, SD 57501

RE: Crowned Ridge Wind Energy Center in Codington and Grant Counties, South Dakota

Dear Mr. Vonk:

As part of our Tier 1 preliminary site evaluation and Tier 2 site characterization under the U.S. Fish and
Wildlife Service (USFWS) voluntary Land-Based Wind Energy Guidelines, Tetra Tech, Inc. (Tetra Tech) is
writing on behalf of NextEra Energy Resources, LLC (NextEra), to request information regarding
ecologically significant areas and listed endangered, threatened or special concern species including
eagles at a potential wind energy development site in Codington and Grant counties, South Dakota. We
contacted your agency in 2007 regarding a much larger area for wind energy development that NextEra
may develop in a later phase (see attached response letter dated December 3, 2007); however, the
current project area in in Codington and Grant counties is the subject of this inquiry.

The proposed Crowned Ridge Wind Energy Center (Project) is anticipated to have a nameplate capacity
of 200 megawatts and to begin commercial operation in 2016. A 40-mile, 230-kV transmission line is also
proposed. We will submit an application to the South Dakota Public Utilities Commission (PUC) for a
Facility Permit, as required under South Dakota Codified Law (SDCL) Chapter 49-41B and South Dakota
Administrative Rules, Section 20:10:22.

The 26,038-acre Project Area is depicted on the enclosed United States Geological Survey (USGS)
topographic map; a corridor for the proposed 40-mile transmission line is also shown on the map. The
land sections within the Project Area and transmission line corridor are listed in the tables below. We have
provided the map to facilitate your review and greatly appreciate your efforts to treat the Project and its
location as confidential at this time.

Project Area:
County Township Name Township Range Sections

Grant Mazeppa 120N 51W 7-8, 17-20, 29, 32

Codington

Germantown 119N 52W 24-26, 36

Leola 119N 51W 4-5, 7-9, 17-19, 26-35

Germantown 118N 52W 24

Waverly 118N 51W 2-5, 8-11, 14-19, 22-23, 26-27

.

[ '1t] TETRA TECH 
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February 11, 2015
Page 2

Transmission Line Corridor:

County Township Name Township Range Sections

Codington Leola 119N 51W 13-17, 20-30, 36

Grant Vernon 119N 48W 6,7,19

Grant Madison 119N 49W 1-2, 10-24, 30, 31

Grant Stockholm 119N 50W 13-36

Grant Alban 120N 48W 1-2, 11-14, 20-33

Grant Grant Center 120N 49W 25, 36

Grant Big Stone 121N 46W 18

Grant Big Stone 121N 47W 13, 24-26, 34-36

In addition to federally protected wildlife and plant species, Tetra Tech is interested in sensitive habitats
and wildlife management areas that may be located in or proximate to the proposed Project Area. In
particular, we would like information on documented eagle nests within 10 miles of the Project Area and 2
miles of the transmission line corridor. Tetra Tech has also contacted the USFWS South Dakota Field
Office, the USFWS Habitat and Population Evaluation Team, and the Waubay Wetland Management
District.

Additionally, we have initiated Tier 3 field studies at the Project Area. We have previously conducted fall
and spring avian use surveys and native prairie surveys and performed wetland delineations. In March
2014, we initiated a year of eagle use surveys. Our survey protocol for the eagle use surveys are attached
as Appendix 1 for your review and comment. We also conducted fall avian point-count surveys in 2014
and will conduct spring avian point-count surveys in 2015. It is our goal to perform a thorough analysis of
environmental concerns within the potential Project Area. We will use the information provided by the
USFWS and South Dakota Game Fish and Parks to help guide Project development in a manner that
avoids impacts to sensitive resources to the extent possible. If possible, we would appreciate a response
by March 10, 2015.

Should you have any questions or require additional information, please do not hesitate to contact me
directly by phone at 512-213-8501 or email at anne-marie.griger@tetratech.com. Thank you for your
assistance.

Respectfully submitted,

Anne-Marie Griger, AICP
Tetra Tech, Inc
8911 N. Capital of Texas Hwy, Bldg 2 Suite # 2310
Austin, TX 78759

Attachments: SDGFP letter dated December 3, 2007
Map
Appendix 1

~ 
TETRA TECH 
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Page 1 of 1

APPENDIX 1

1) Eagle Use Surveys
The objective of eagle use surveys is to document eagle movements and behavior within and adjacent to
the Project Area in all four seasons in order to assess risk to eagle species. Tetra Tech will conduct eagle
use surveys following the general methods outlined in the Eagle Conservation Plan Guidance. Eagle use
surveys will focus exclusively on eagles, and will occur at up to 18 survey plots. This number of point-
count locations is sufficient to provide spatial coverage of approximately 26 percent of a 1-km buffer
around turbine locations.

Eagle use surveys will be conducted by a qualified avian biologist beginning in spring 2014 and continue
for one calendar year to capture temporal variation in eagle use of the Project Area. Surveys will be
conducted twice per month during the spring (March 16 – June 15), summer (June 16 – August 15), fall
(August 16 – November 15), and winter (November 16 – March 15). Each survey visit will occur over 2.5
days. There will be 26 survey weeks in total. Individual surveys will consist of a 1-hour observation period
at each of the 18 point-count locations during each week of surveys, for a total of 468 hours of
observations.

Eagle use data will be collected in 1-minute intervals so that the data can be translated into eagle
exposure minutes, as recommended in the ECP Guidance. The data recorded for each survey will include
the count start and stop times, eagle species observed, numbers and age classes of eagles seen,
minutes of eagle flight in two height categories based on the ECP Guidance (≤ 200 and >200 meters {m} 
above ground), notes on flight and other behaviors, and an individual identifier for each flight observation
allowing it to be linked to a flight map. Each eagle flight observed will be drawn on a topographic map or
aerial image of the Project Area and digitized using a GIS so that eagle locations and behaviors can be
overlaid with Project features. Numerical data will be collected within 800-m-radius plots, but flight lines
will be documented across line-of-sight and will not be limited to the 800-m-radius survey plot.

[ 11:] TETRA TECH 
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December 3, 2007 

Erik W. Jansen, Biologist 
Tetra Tech EC, Inc. 

DEPARTMENT OF GAME, FISH AND PARKS 
Foss Building 
523 East Capitol 
Pierre, South Dakota 57501-3182 

1750 SW Harbor Way, Suite 400 
Portland, OR 97201 

Dear Mr. Jansen: 

RE: Environmental review of Eastern and North
central Wind Resource Area as potential wind 
power project areas 

The following comments are in response to your letter dated 19 October 2007 requesting 
environmental considerations and concerns of the Eastern (Wl/2 Grant Co., NE 1/4 Codington 
Co., Wl/2, Sl/2 Duel Co., and NEl/4 Brookings Co.) and North-central (McPherson County) 
Wind Resource Areas. 

The proposed siting and operation of these wind power projects have potential to directly and 
indirectly impact area wildlife by killing bats and birds through wind turbine and power line 
strikes and altering important and declining habitats and breeding and movement behavior of 
wildlife. While we applaud efforts to provide alternative energy sources, we offer the following 
considerations for your planning efforts, encouraging responsible siting and mitigation where 
appropriate to avoid or lessen direct and indirect impacts; As requested, I have provided separate 
comments for each wind resource area in addition to final comments that apply to any other 
potential wind power project in South Dakota. 

Eastern Wind Resource Area (EWRA) 

Grasslands~ The EWRA is located within the tall-grass prairie zone. Native grasslands within 
this zone are decreasing at an alarming rate. Less than one percent of native tall-grass prairie 
.habitat in South Dakota remains (Samson et al. 1998). Other grassland types such as rangeland 
(grazed grasslands with native plant spp.), pasture (grazed grasslands with non-native plant spp.) 
and Conservation Reserve Program lands (tilled land planted to vegetative cover) serve as 
grassland wildlife habitat (Haufler 2005). Fragmentation resulting from woody encroachment, 
road construction, and conversion of surrounding habitat has resulted in the remaining grassland 
habitats existing as smaller disjunct patches. Patches often provide less suitable habitat for many 
native species of grassland wildlife. Some of the last remaining contiguous grasslands tracts 
occur along the Coteau escarpment that angles through the EWRA. 

Wildlife Division: 605/773-3381 Parks and Recreation Division: 605/773-3391 FAX: 605/773-6245 TTY: 605/773-3381 
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Grassland birds - Placement of turbines in this area may fragment grassland wildlife habitat 
reducing its suitability to serve as habitat and modify behavior of grassland bird species, a group 
of species which has shown the most consistent and long term declines of any other group of bird 
species in North America (Peterjohn and Sauer 1999). This area is known to have abundant 
sharp-tailed grouse populations. Greater prairie chickens also are present. The greater prairie 
chicken is a species known to be area-sensitive, requiring comparatively large tracts of open, 
contiguous grassland. The lesser prairie chicken, a similar species found more commonly in the 
southern Great Plains, avoids nesting within 400 m of transmission lines or improved roads 
(Pitman et al 2004). This highly suggests that placement of turbines and associated 
infrastructure (roads and transmission lines) may also negatively affect greater prairie chickens. 

Birds are susceptible to direct strikes with wind turbines. Based on a study conducted in the 
Buffalo Ridge area of Minnesota, species with known wind turbine strike mortality and are 
known to occur in the EWRA include grasshopper sparrow and western meadowlark (Higgins et 
al 2007). 

Properly timed, species-appropriate surveys for prairie grouse (greater prairie chickens and 
sharp-tailed grouse) and other grassland bird species should be conducted pre-construction. 
Prairie grouse surveys should be conducted in spring when breeding individuals are on 
communal display grounds (leks). Surveys for other breeding grassland birds are best conducted 
in June, although mid-May through early July is acceptable. 

Butterflies - Four rare butterfly species are located within the EWRA. These species are 
classified as Species of Greatest Conservation Need, as listed in our State Wildlife Action Plan 
(http://www.sdgfp.info/Wildlife/Diversity/Cornp_Plan.htrn) and are rare species monitored by 
our Natural Heritage Program (NHP). They include: 1) Dakota skipper, 2) Powesheik 
skipperling, 3) regal fritillary, and 4) Ottoe skipper. 

The range of the Dakota skipper in South Dakota is limited to eleven counties in the north 
eastern portion of the state. The Dakota skipper requires native mid- to tall-grass prairie and is 
found on rolling rangeland with abundant wetlands. Larval host plants are grasses, especially 
little bluestem. Flight of emerging adults occurs from June to mid-July. This species is a 
candidate for listing under the Federal Endangered Species Act (ESA). As such, I recommend 
contacting the U.S. Fish and Wildlife Ecological Services Field office in Pierre, South Dakota 
(605-224-8693) for further information regarding the protection of this species required under 
ESA. Current threats to this species include, but are not limited to, improper land management 
uses, agricultural cultivation, road construction, and invasive plant species. South Dakota 
populations are important to the existence of this species and approximately half of known 
populations are located on private lands. 

The Powesheik skipperling distribution in South Dakota also is limited to eleven counties in the 
north eastern portion of the state. The Powesheik skipperling prefers native tall-grass prairie and 
wetlands. Larval host plants are sedges. Flight of emerging adults occurs primarily in July. 
Threats include excessive prescribed burning, loss of habitat due to conversion to other uses, 
invasive plants, population isolation, and extreme population crashes. 

2 
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The regal fritillary is rapidly declining across its range in the United States. In South Dakota, its 
range is restricted to native prairie sites. Some of the last strongholds ofthis species are located 
in prairie states, such as South Dakota, with areas of large expanses of suitable habitat (such as 
the EWRA) that support larval host plants (violets). Flight periods are from June to September. 
Threats include loss and fragmentation of habitat to agriculture ( excluding grazing or haying), 
conversion to cropland, woody encroachment, chemicals (e.g., pesticides and herbicides), and 
improper fire management. 

The Ottoe skipper also requires relatively undisturbed native prairie with nectar sources 
( coneflowers, grayfeathers, asters, etc). It is uncommon to rare throughout the state. Peak flight 
for the Ottoe skipper is in mid-July. The reduction and degradation of prairie habitat is the main 
threat to this species. 

The conservation of the four rare butterfly species documented in the EWRA requires protection 
of remaining undisturbed tracts of native prairie with associated nectar sources and larval host 
plants. There are potential disturbances to these rare butterfly species associated with the 
construction and maintenance of a wind power project. Road construction and turbine pad 
maintenance increases the chances of non-native, invasive plant species invasion. Chemical 
control of these species is a known threat. Pre-construction surveys for these species should be 
conducted during the appropriate times (flight periods). Construction in areas that are or 
potential butterfly habitat should be avoided. 

Wetlands - The proposed project area is located within the Prairie Pothole region. This 
glaciated region, characterized by high densities of wetland basins of various depths and sizes, 
extends from Iowa into Minnesota, the Dakotas, Montana and parts of Canada. It is the major 
waterfowl production area in North America. Wetland losses in the Prairie Pothole Region are 
staggering and range from 99% in Iowa to 35% in South Dakota. Wetland basin densities(# of 
basins/IO mi2) in the EWRA range from 90 to over 420 basins/IO miles2. More specifically, this 
area is known to have some of the highest seasonal and semipermanent wetland basin densities 
in the state (Johnson and Higgins 1997). These remaining, high density wetlands provide critical 
wildlife habitat. 

Wetland birds - Waterbird species such as loons, black terns, great egrets, and green backed 
herons are known to occur in the EWRA. Abundant waterfowl such as mallard, blue-winged 
teal, redhead, ruddy duck, American coot, and bufflehead also can be found in the area. Birds 
are susceptible to direct strikes with wind turbines. Based on a study conducted in the Buffalo 
Ridge area of Minnesota, species with known wind turbine strike mortality and are known to 
occur in the EWRA include ruddy duck, American coot, and Franklin's gull (Higgins et al 2007). 
Proper siting of turbines outside of daily and seasonal migration routes of waterbirds and 
waterfowl and the protection of remaining wetlands within the proposed project area is crucial to 
reduce the impact to wetland dependent species. 

Bats - Bats forage and migrate along rivers, streams, and lakes. Construction of a wind power 
plant may affect daily and seasonal bat movements between breeding and foraging areas. 
Thirteen species of bats are found in South Dakota, some ofwhich,are summer residents, year
round residents, or migratory (Table 1). 
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Table 1. South Dakota Bats 
Common Name Scientific Name State Residencv 
Big Brown Bat Eptesicus fuscus Year-round resident 
Fringed Myotis Myotis thysanodes Year-round resident 
Little Brown Myotis Myotis lucifugus Year-round resident 
Long-eared Myotis Myotis evotis Year-round resident 
Long-legged Myotis Myotis volans Year-round resident 
Northern Myotis Myotis septentrionalis Year-round resident 
Townsend's Big-eared Bat Corynorhinus townsendii Year-round resident 
Western Small-footed Myotis Myotis ciliolabrum Year-round resident 
Hoary Bat Lasiurus cinereus Summer resident 
Silver-haired Bat Lasionycteris noctivagans Summer resident 
Evening Bat Nycticeius humeralis Migratory 
Eastern pipistrell Pipistrellus subjlavus unclassified 

There has been limited research conducted on bats in South Dakota. However, Swier (2006) 
reported four species of bats occurring near the EWRA: 1) big brown bat, 2) Eastern red bat, 3) 
hoary bat, and 4) little brown myotis. 

Six bat species are considered rare and monitored by the NHP: 1) long-eared myotis, 2) fringed 
myotis, 3) Northern myotis, 4) silver-haired bat, 5) Townsend's big-eared bat, and 6) evening 
bat. Although the NHP data base has no records of theses species in the proposed project area, 
this does not preclude the presence of any of these species in the area. Because of limited, 
EWRA-specific data, we would suggest pre-construction surveys of the area for potential bat 
habitat and species. Surveys for species should be conducted for at least one full year before 
construction . 

. Recently, South Dakota Department of Game, Fish and Parks (SDGFP) in cooperation with the 
South Dakota Bat Working Group (SDGWG), developed a South Dakota Bat Management Plan 
specific to bats and their habitats in South Dakota 
(http://www.sdgfp.info/Wildlife/Diversity/batmanagmentplan 71304. pdf). Please review this 
document for pertinent information. Again, because bats reside and migrate through South 
Dakota. it is important to evaluate the propose project area for roosting, feeding, migration 
and/or stopover habitat and to survey these areas for bats. 

Landscape considerations - Placement of a wind power project should take into accowit larger 
landscape-level (e.g. surrounding land uses) and cumulative impacts (e.g. existing and potential 
wind power projects) as well as project associated infrastructure (i.e. transmission lines and 
roads). 

Public lands - Several Game Production Areas within the EWRA are managed by SDGFP. 
Placement of public lands is often done so in areas with existing and potential wildlife habitat. 
Management of these lands, for wildlife, is conducted in the public interest. In addition, several 
USFWS Waterfowl Protection Areas are also located within the EWRA. Public lands managed 
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for wildlife may be affected by the placement of a wind power project in the vicinity. 

Migrating wildlife - The resulting mosaic of grassland and wetland basins and corridors makes 
it an important migration route for birds (e.g., neotropical migrants, shorebirds, and waterfowl). 
The Central Flyway, an important pathway for migratory ducks, geese, swans, and cranes runs 
through the midsection of the country, including South Dakota. Species using this flyway during 
migration, and particularly during inclement weather when birds alter their flight altitude, may 
suffer increased mortality due to direct strikes with wind turbines and associated power lines. 
Appropriately timed, pre-construction surveys for migratory bird species should be conducted. 
Spring migration can begin as early as late-March, early-April, tapering off in mid-May, 
depending on the species. Fall migration can begin as early as mid-July and extend through 
October/November depending on weather conditions and species. 

Powerlines - Construction of powerlines is often associated with a proposed wind power project. 
Power line strikes are a known cause of mortality to birds (Erickson et al. 2005). Waterfowl 
( ducks, geese, swans, and cran,es ), raptors, and passerines are species most susceptible to 
powerline collisions. The Avian Protection Power line Interaction Committee (APLIC) has 
d~veloped two documents that may be of use to reduce powerline strikes and mortality: 1) 
'Suggested Practices for Avian Protection on Power Lines: The State of the Art in 2006' and 2) 
'Mitigating Bird Collisions with Power lines'. Both of these documents are available from the 
Edison Institute (http://www.aplic.org/, under 'products and services'). The new and existing 
power lines associated with the proposed project should be buried, marked, or retrofitted to 
reduce strikes and electrocutions of bird species. 

Non-native species - During the construction and maintenance phase of a wind power project 
existing roads often experience increased traffic and new roads are constructed. This increases 
the amount of area disturbed and allows for the introduction and establishment of non-native 
species. Resulting control of those species through pesticides and herbicides may also impact 
habitats ofrare wildlife species. Non-native species are one of the major threats to rare and 
declining wildlife species. Improved access can also increase human activity in the area. 

The matrix of grassland and wetland habitats in the proposed project area plays a crucial role in 
the life history of several wildlife species whether migratory or resident. Because of the 
potential impacts placement of the proposed wind power project would have on unique and 
declining habitats in the region and their associated species, we recommend the placement of 
turbines in areas currently disturbed (e.g. cultivated areas) and the use of existing infrastructure 
(roads and transmission lines) as much as possible. 
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North-central Wind Resource Area (McPherson County) 

Grassland habitat- McPherson County is located within the mixed-grass prairie zone. In the 
United States, native mixed-grass prairie is disappearing at an alarming rate. In South Dakota, 
the area of mixed-grass prairie has decreased 70% (Samson et al. 1998). The native prairie that 
still remains is most often grazed (i.e. rangeland). These and other grassland types such as 
pasture (grazed grasslands of non-native plant spp.) and Conservation Reserve Program lands 
(tilled land idled and planted to vegetative cover) also serve as grassland wildlife habitat (Haufler 
2005). Fragmentation resulting from woody encroachment, road construction, and conversion 
of surrounding habitat has resulted in the remaining grassland habitats existing as smaller 
disjunct patches. Patches often provide less suitable habitat for many native species of grassland 
wildlife. McPherson County has large tracts of contiguous grassland habitat (including 
rangeland) located along the ridge extending through Wacker, Weber;Hoffman, and Central 
McPherson townships. 

Grassland birds - Placement of turbines in this area may fragment grassland wildlife habitat 
reducing its suitability to serve as habitat and modify behavior of grassland bird species, a group 
of species which has shown the most consistent and long term declines of any other group of 
species in North America (Peterjohn and Sauer 1999). Two grassland bird species, Baird's 
sparrow and Sprague's pipit, are known to occur in McPherson County. Range-wide, both of 
these species have exhibited significant long term negative population trends. In South Dakota, 
these species hold special conservation status and are classified as Species of Greatest 
Conservation Need, as listed in our State Wildlife Action Plan 
(http://www.sdgfp.info/Wildlife/Diversity/Comp_Plan.htm) and are rare species monitored by 
our NHP. In addition, these species are considered Grassland Species of Concern in South 
Dakota (Bakker 2005). Regionally they are Species of Special Concern as defined by Partner's 
in Flight and are considered a Species of Conservation Concern by the USFWS. The amount of 
emphasis placed on the conservation of these species indicates populations are declining, 

Baird's sparrows breed in the north-western and north-central part of the state. Throughout most 
of its breeding range, it is known to prefer native mixed grass prairie interspersed with forbs 
(broad-leaved, herbaceous plant), moderate amounts oflitter (dead layers of vegetation), and 
little to no shrub cover. Although the Baird's Sparrow has a strong tendency to prefer native 
prairie, it can be observed in non-native grasslands (e.g. crested wheatgrass) that provide 
appropriate habitat structure. Baird's sparrows are known to prefer large patches of grassland 
habitat and show avoidance of areas with extensive woody vegetation and areas near roads. 

Sprague's pipits are found in the northwestern portion of the state, preferring plains and short
grass prairie with intermediate vegetation height. This species prefers native prairie, although 
they are known to occupy habitat consisting of non-native plant species. Sprague's pipits are 
most common in large contiguous grassland areas and are known to be area sensitive. 

Properly timed, species-appropriate pre-construction surveys should be conducted for grassland 
bird species. Surveys for most breeding grassland birds are best conducted in June, although 
mid-May through early July is suitable. Prairie grouse surveys should be conducted in spring 
when breeding individuals are on communal display grounds (leks). 

6 

Exhibit A1-B

 
007161

ADMINISTRATIVE RECORD - Scan 7 - Page 14 of 149

- Page 2335 -



Wetland habitats - McPherson County is located within the Prairie Pothole Region. This 
glaciated region, characterized by a diversity and quantity of basin wetlands, extends from Iowa 
into Minnesota, the Dakotas, Montana and parts of Canada. It is the major waterfowl production 
area in North America. Wetland losses in the Prairie Pothole Region are staggering and ranging 
from 99% in Iowa to 3 5% in South Dakota. Tirroughout McPherson County, wetland basin 
density is high (270 - over 420 basins/10 mi2). More specifically, the eastern quarter of the 
County has some of the highest concentrations of temporary and seasonal wetlands (Johnson and 
Higgins 1997) in the state. Remaining wetlands provide important wildlife habitat. 

Wetland birds - In terms of waterfowl breeding activity, the western two-thirds of McPherson 
County has over 100 breeding duck pairs/mi2. This is some of the highest breeding waterfowl 
densities in the Prairie Pothole region. Conservation of this habitat also is critical to waterbirds 
and shorebirds for breeding, feeding, and migration habitat. 

Bird diversity - Reflective of the diversity and quality of native wetland and grassland habitats 
in the region, the northeastern portion of McPherson County has some of the highest bird species' 
richness in the state (Peterson 1995). This is based upon data gathered from a five-year, state
wide breeding bird survey efforts. 

Bats - Bats forage and migrate along rivers, streams and lakes. Construction of a wind power 
project may affect daily and seasonal bat movements between breeding and foraging areas. 
Thirteen species of bats are found in South Dakota, some of which are summer residents, year
round residents, or migratory (Table I). There has been limited research conducted on bats in 
South Dakota, especially in McPherson County. The NHP database has no records of bat species 
considered rare in the proposed project. However, this does not preclude the presence of any of 
these or other bat species in the area. Because of limited information on bats in McPherson 
County, we would suggest pre-construction surveys of the area for potential bat habitat and 
species. Surveys for species should be conducted for at least one full year before construction. 

Recently, SDGFP in cooperation with the SDBWG, developed a South Dakota Bat Management 
Plan specific to bats and their habitats in South Dakota 
(http:/ /www.sdgfp.info/Wi1d1ife/Diversity/batmanagmentplan71304.pdf). Please review this 
document for pertinent information. Again, because bats reside and migrate through South 
Dakota. it is important to evaluate the propose project area for roosting, feeding, migration 
and/or stopover habitat and to survey these areas for bats. 

Landscape considerations - Placement of a wind power project should take into account larger 
landscape-level (e.g. surrounding land uses) and cumulative impacts (e.g. existing and potential 
wind power projects) as well as project associated infrastructure (i.e. transmission lines, roads). 

Public lands - Several Game Production Areas within McPherson County are managed by 
SDGFP. Placement of public lands is often done so in areas with existing and potential wildlife 
habitat. Management of these lands, for wildlife, is conducted in the public interest. In addition, 
several U.S. Fish and Wildlife Service Waterfowl Protection Areas are also located within 
McPherson County. Public lands managed for wildlife may be affected by the placement of a 
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wind power project in the vicinity. 

Migrating wildlife - The resulting mosaic of grassland and wetland basins and corridors in the 
County make it an important migration route for birds (e.g., neotropical migrants, shorebirds, 
waterfowl). The Central Flyway, an important pathway for migratory ducks, geese, swans, and 
cranes runs through the midsection of the country, including South Dakota. Species using this 
flyway during migration, and particularly during inclement weather when birds alter their flight 
altitude, may suffer increased mortality due to direct strikes with wind turbines and associated 
power lines. Appropriately timed, pre-construction surveys for migratory bird species should be 
conducted. Spring migration can begin as early as late-March, early-April, tapering off in mid
May, depending on the species. Fall migration can begin as early as mid-July and extend 
through October/November depending on weather conditions and species. 

Powerlines - Construction ofpowerlines is often associated with a proposed wind power project. 
Power line strikes are a known cause of mortality to birds (Erickson et al. 2005). Waterfowl 
(ducks, geese, swans, and cranes), raptors, and passerines are species most susceptible to 
powerline collisions. The Avian Protection Power line Interaction Committee (APLIC) has 
developed two documents that may be of use to reduce powerline strikes and mortality: I) 
'Suggested Practices for Avian Protection on Power Lines: The State of the Art in 2006' and 2) 
'Mitigating Bird Collisions with Power lines'. Both of these documents are available from the 
Edison Institute (http://www.aplic.org/, under 'products and services'). The new and existing 
power lines associated with the proposed project should be buried, marked, or retrofitted to 
reduce strikes and electrocutions of bird species. 

Non-native species - During the construction and maintenance phase of a wind power projects 
existing roads often experience increased traffic and new roads are constructed. This increases 
the amount of area disturbed and allows for the introduction and establishment of non-native 
species. Resulting control of those species through pesticides and herbicides may also impact 
habitats ofrare wildlife species. Non-native species are one of the major threats to rare and 
declining wildlife species. Improved access can also increase human activity in the.area. 

The matrix of grassland and wetland habitats in the proposed project area plays a crucial role in 
the life history of several wildlife species whether migratory or resident. Because of the 
potential impacts placement of the proposed wind power project would have on unique and 
declining habitats in the region and their associated species, we recommend the placement of 
turbines in areas currently disturbed (e.g. cultivated areas) and the use of existing infrastructure 
(roads and transmission lines) as much as possible. 
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Research and Monitoring 

As outlined above, our agency has concerns regarding direct and indirect impacts to wildlife and 
habitats in association with the siting of the proposed project. Before project construction, 
appropriate monitoring should be conducted to determine bird and bat use of the project areas. 
Based upon results of these studies, project construction should be modified, continued, or 
cancelled. If the project is continued, monitoring should be conducted for a minimum of two 
years post-construction to determine if and how many bird and bat strikes are caused by this 
project, if habitats have been significantly altered, and if the surrounding public lands and their 
uses have been impacted. Any mitigation should be carefully planned, funded, and followed. 

If monitoring involves live trapping or collection of wildlife species, you must first obtain a 
collection permit from our agency. Also, we kindly request that if you or your associates 
observe any of the animal (http://www.sdgfp.info/Wildlife/DiversitytRareAnimal.htm) or plant 
species (http://www.sdgfp.info/Wildlife/Diversity/rareplant2002.htm) monitored by the NHP, 
please contact myself or any of our NHP staff 
(http://www.sdgfp.info/Wildlife/Diversity/staff_contact.htm). 

In coordination with the SDBWG, the SDGFP has developed 'Siting Guidelines for Wind Power 
Projects in South Dakota' This document addresses many of the concerns involved with siting 
wind power projects in South Dakota and may be found at on the world wide web 
(http://www.sdgfp.info/Wildlife/Diversity/windpower.htm). I have enclosed a copy for your 
convenience. 

The SDGFP appreciates the opportunity to provide comments on the proposed project wind 
resource areas. As plans are further refined, I would be willing to conduct a site visit with you or 
your associates to continue to provide siting recommendations to reduce conflicts with wildlife. 
If you have any questions on the above comments, please feel free to contact me at 605-773-
2742 or Silka.Kempema@state.sd.us. 

Regards, 

Silka L. F. Kempema 
Terrestrial Wildlife Biologist 

CC: Natalie Gates, US Fish and Wildlife Service, Pierre, SD 
Will Morlock, SD Game, Fish and Parks, Watertown, SD 
Mary Clawson, SD Game, Fish and Parks, Aberdeen, SD 
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February 11, 2015

Mr. Scott Larson
Field Supervisor
USFWS – South Dakota Field Office
420 S. Garfield Avenue, Suite 400
Pierre, SD 57501-5408

RE: Crowned Ridge Wind Energy Center in Codington and Grant Counties, South Dakota

Dear Mr. Larson:

As part of our Tier 1 preliminary site evaluation and Tier 2 site characterization under the U.S. Fish and
Wildlife Service (USFWS) Land-Based Wind Energy Guidelines, Tetra Tech, Inc. (Tetra Tech) is writing
on behalf of NextEra Energy Resources, LLC (NextEra), to request information regarding ecologically
significant areas and listed endangered, threatened or special concern species including eagles at a
potential wind energy development site in Codington and Grant counties, South Dakota. We contacted
your agency in 2007 regarding a much larger area for wind energy development that NextEra may develop
in a later phase (see attached response letter dated November 26, 2007); however, the current the project
area in Codington and Grant counties is the subject of this inquiry.

The proposed Crowned Ridge Wind Energy Center (Project) is anticipated to have a nameplate capacity
of 200 megawatts and to begin commercial operation in 2016. A 40-mile, 230-kV transmission line is also
proposed. We will submit an application to the South Dakota Public Utilities Commission (PUC) for a
Facility Permit, as required under South Dakota Codified Law (SDCL) Chapter 49-41B and South Dakota
Administrative Rules, Section 20:10:22.

The 26,038-acre Project Area is depicted on the enclosed United States Geological Survey (USGS)
topographic map; a corridor for the proposed 40-mile transmission line is also shown on the map. The
land sections within the Project Area and transmission line corridor are listed in the tables below. We have
provided the map to facilitate your review and greatly appreciate your efforts to treat the Project and its
location as confidential at this time.

Project Area:
County Township Name Township Range Sections

Grant Mazeppa 120N 51W 7-8, 17-20, 29, 32

Codington

Germantown 119N 52W 24-26, 36

Leola 119N 51W 4-5, 7-9, 17-19, 26-35

Germantown 118N 52W 24

Waverly 118N 51W 2-5, 8-11, 14-19, 22-23, 26-27

.

[ '1t] TETRA TECH 
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February 11, 2015
Page 2

Transmission Line Corridor:

County Township Name Township Range Sections

Codington Leola 119N 51W 13-17, 20-30, 36

Grant Vernon 119N 48W 6,7,19

Grant Madison 119N 49W 1-2, 10-24, 30, 31

Grant Stockholm 119N 50W 13-36

Grant Alban 120N 48W 1-2, 11-14, 20-33

Grant Grant Center 120N 49W 25, 36

Grant Big Stone 121N 46W 18

Grant Big Stone 121N 47W 13, 24-26, 34-36

In addition to federally protected wildlife and plant species, Tetra Tech is interested in sensitive habitats
and wildlife management areas that may be located in or proximate to the proposed Project Area. In
particular, we would like information on documented eagle nests within 10 miles of the Project Area and 2
miles of the transmission line corridor. Tetra Tech has also contacted the USFWS Habitat and Population
Evaluation Team, the Waubay Wetland Management District, and the South Dakota Game, Fish, and
Parks Department (SDGFP).

Additionally, we have initiated Tier 3 field studies at the Project Area. We have previously conducted fall
and spring avian use surveys and native prairie surveys and performed wetland delineations. In March
2014, we initiated a year of eagle use surveys. Our survey protocol for the eagle use surveys are attached
as Appendix 1 for your review and comment. We also conducted fall avian point-count surveys in 2014
and will conduct spring avian point-count surveys in 2015. It is our goal to perform a thorough analysis of
environmental concerns within the potential Project Area. We will use the information provided by the
USFWS and SDGFP to help guide Project development in a manner that avoids impacts to sensitive
resources to the extent possible. If possible, we would appreciate a response by March 10, 2015.

Should you have any questions or require additional information, please do not hesitate to contact me
directly by phone at 512-213-8501 or email at anne-marie.griger@tetratech.com. Thank you for your
assistance.

Respectfully submitted,

Anne-Marie Griger, AICP
Tetra Tech, Inc
8911 N. Capital of Texas Hwy, Bldg 2 Suite # 2310
Austin, TX 78759

Attachments: USFWS letter dated November 26, 2007
Map
Appendix 1

~ 
TETRA TECH 
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Page 1 of 1

APPENDIX 1

1) Eagle Use Surveys
The objective of eagle use surveys is to document eagle movements and behavior within and adjacent to
the Project Area in all four seasons in order to assess risk to eagle species. Tetra Tech will conduct eagle
use surveys following the general methods outlined in the Eagle Conservation Plan Guidance. Eagle use
surveys will focus exclusively on eagles, and will occur at up to 18 survey plots. This number of point-
count locations is sufficient to provide spatial coverage of approximately 26 percent of a 1-km buffer
around turbine locations.

Eagle use surveys will be conducted by a qualified avian biologist beginning in spring 2014 and continue
for one calendar year to capture temporal variation in eagle use of the Project Area. Surveys will be
conducted twice per month during the spring (March 16 – June 15), summer (June 16 – August 15), fall
(August 16 – November 15), and winter (November 16 – March 15). Each survey visit will occur over 2.5
days. There will be 26 survey weeks in total. Individual surveys will consist of a 1-hour observation period
at each of the 18 point-count locations during each week of surveys, for a total of 468 hours of
observations.

Eagle use data will be collected in 1-minute intervals so that the data can be translated into eagle
exposure minutes, as recommended in the ECP Guidance. The data recorded for each survey will include
the count start and stop times, eagle species observed, numbers and age classes of eagles seen,
minutes of eagle flight in two height categories based on the ECP Guidance (≤ 200 and >200 meters {m} 
above ground), notes on flight and other behaviors, and an individual identifier for each flight observation
allowing it to be linked to a flight map. Each eagle flight observed will be drawn on a topographic map or
aerial image of the Project Area and digitized using a GIS so that eagle locations and behaviors can be
overlaid with Project features. Numerical data will be collected within 800-m-radius plots, but flight lines
will be documented across line-of-sight and will not be limited to the 800-m-radius survey plot.

[ 11:] TETRA TECH 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

Anne-Marie Origer 
Tetra Tech, Inc 
8911 N. Capital of Texas Hwy 
Bldg 2, Suite# 2310 
Austin, Texas 78759 

Dear Ms. Griger: 

Ecological Services 
420 South Garfield Avenue, Suite 400 

Pierre, South Dakota 57501-5408 

March 23, 2014 

Re: Crowned Ridge Wind Energy Center, 
Codington and Grant Counties, South 
Dakota 

This letter is in response to your February 11, 2015, request for environmental comments 
regarding the above referenced project involving installation of the 200-MW Crowned Ridge 
Wind Energy Center and an associated 40- mile 230 kV transmission line. The 26,038-acre wind 
project area includes numerous sections in Townships 118-120 North, Ranges 51 and 52 West; 
the transmission line includes numerous sections in Townships 119-121 North, Ranges 46-51 
West, all within Grant and Codington Counties, South Dakota. 

Your current letter includes a previous (November 26, 2007) response from our office to Tetra 
Tech's October 19, 2007, inquiry for the Crowned Ridge facility; however, we sent an additional 
letter to you dated February 5, 2010 (copy enclosed) and a similar letter to Western Area Power 
Administration dated December 30, 2010. Herein we provide updated information. 

In accordance with section 7(c) of the Endangered Species Act, as amended, 16 U.S.C. 1531 et 
seq., we have determined that the following federally listed/proposed species may occur in the 
project area (this list is considered valid for 90 days): 

Species 
Topeka Shiner 
(Notropis topeka) 

Dakota Skipper 
(Hesperia dacotae) 

Poweshiek Skipperling 
( Oarisma poweshie"k) 

Status 
Endangered 

Threatened 

Endangered 

Expected Occurrence 
Known resident 

Resident in native prairie, 
northeastern SD 

Possible resident in native prairie, 
northeastern SD 
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Rufa Red Knot 
(Calidris canutus rufa) 

Whooping Crane 
(Grus americana) 

Threatened 

Endangered 

2 

Rare seasonal migrant 

Migration 

Additionally, the following species have been proposed for listing under the Endangered Species 
Act and may occur in the project area: 

Species 

Northern Long-eared Bat 
(Myotis septentrionalis) 

Proposed Endangered 

Expected Occurrence 

Summer resident, seasonal 
migrant, known winter 
resident in Black Hills 

The Topeka shiner is an endangered minnow known to occupy numerous small streams within 
the Big Sioux, Vermillion and James watersheds of eastern South Dakota. Willow Creek in 
Codington County is a known occupied stream, tributaries of which occur within the proposed 
project area. We recommend avoidance of impacts to this waterway and its tributaries. If 
instream work in the Willow Creek watershed is proposed, specific measures may be necessary 
to ensure that adverse impacts to the Topeka shiner are not incurred as a result of this project. 

The Dakota skipper is a small prairie butterfly listed as a threatened species under the 
Endangered Species Act (see: http://www.gpo.gov/fdsys/pkg/FR-2014-10-24/pdf/2014-
25190.pdf). Dakota skippers are obligate residents of high quality prairie ranging from wet
mesic tallgrass prairie to dry-mesic mixed grass prairie. In northeastern South Dakota, Dakota 
skippers inhabit dry-mesic hill prairies with abundant purple coneflower (Echinacea 
angustifolia), but also use mesic to wet-mesic tallgrass prairie habitats characterized by wood lily 
(Lilium philadelphicum) and mountain deathacamas (smooth camas; Zigadenus elegans). Their 
dispersal ability is very limited due in part to their short adult life span and single annual flight. 
Extirpation from a site may be permanent unless it occurs within about 0.6 miles of an inhabited 
site that generates a sufficient number of emigrants. Avoidance of impacts to native prairie 
habitat is recommended to reduce the risk of adverse effects to this species. 

The Poweshiek skipperling is a small prairie butterfly listed as endangered under the Endangered 
Species Act (see: http://www.gpo.gov/fdsys/pkg/FR-2014-10-24/pdf/2014-25190.pdf). The 
habitat of Poweshiek skipperlings includes prairie fens, grassy lake and stream margins, moist 
meadows, and wet-mesic to dry tallgrass prairie. Preferred nectar plants for adult Poweshieks 
include smooth ox-eye (Heliopsis helianthoides) and purple coneflower (Echinacea 
angustifolia), but they also use stifftickseed (Coreopsis palmate), black-eyed susan (Rudbeckia 
hirta), and palespike lobelia (Lobelia spicata). Larval food plants are assumed to include spike
rush, sedges, prairie dropseed (Sporobolus heterolepis) and little bluestem (Schizachyrium 
scoparium). Poweshiek skipperlings have one flight per year from about the middle of June 
through the end of July (depending upon weather). They have a low dispersal capability, and 
may not cross areas that are not structurally similar to native prairies. Extirpation from 
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fragmented and isolated prairie remnants may be permanent unless it occurs within about 0.6 
miles of an inhabited site that generates a sufficient number of emigrants. They are vulnerable to 
extreme weather conditions, dormant season fire, and other disturbances ( e.g., intense cattle 
grazing). Avoidance of impacts to native prairie habitat is recommended to reduce the risk of 
adverse effects to this species. 

Whooping cranes migrate through South Dakota on their way to northern breeding grounds and 
southern wintering areas. They occupy numerous habitats such as cropland and pastures; wet 
meadows; shallow marshes; shallow portions of rivers, lakes, reservoirs, and stock ponds; and 
both freshwater and alkaline basins for feeding and loafing. Overnight roosting sites frequently 
require shallow water in which to stand and rest. Line strike mortality is one ofthe greatest 
threats to this species. More information on this topic is provided below. Additionally, should 
construction occur during spring or fall migration, the potential for disturbances to whooping 
cranes exists. Disturbance (flushing the birds) stresses them at critical times of the year. We 
recommend remaining vigilant for these birds. There is little that can be done to reduce 
disturbance besides ceasing construction at sites where the birds have been observed. The birds 
normally do not stay in any one area for long during migration. Any whooping crane sightings 
should be reported to this office. 

The rufa red knot is a robin-sized shorebird listed as threatened under the Endangered Species 
Act (see: < http://www.gpo.gov/fdsys/pkg/FR-2014-12-l l/pdf/2014-28338.pdf> for more 
information). The red knot migrates annually between its breeding grounds in the Canadian 
Arctic and several wintering regions, including the Southeast United States, the Northeast Gulf 
of Mexico, northern Brazil, and Tierra de! Fuego at the southern tip of South America. Although 
it is primarily a coastal species, small numbers of rufa red knots are reported annually across the 
interior United States (i.e., greater than 25 miles from the Gulf or Atlantic Coasts) during spring 
and fall migration. These reported sightings are concentrated along the Great Lakes, but multiple 
reports have been made from nearly every interior State, including South Dakota. Any rufa red 
knot sightins should be reported to this office. 

The northern long-eared bat is a medium-sized brown bat that has been proposed for listing as 
endangered under the Endangered Species Act primarily due to impacts of White Nose 
Syndrome (see: <http://www.fws.gov/midwest/endangered/ mammals /nlba/pdf 
/FRpropListNLBA2Oct2013.pdf> for more information). Their proposed status defines these 
bats as a species in decline that the Service believes needs to be listed. Northern long-eared bats 
are known to be present in South Dakota during the summer months in forested habitat, primarily 
roosting singly or in colonies underneath bark, in cavities or in crevices of both live and dead 
trees. Some hibernacula have been documented in caves/mines in the Black Hills and the species 
have been documented in the Missouri River corridor during migration. White nose syndrome, a 
fungus affecting hibernating bats, is considered a significant threat to this species, but individuals 
may be harmed by other activities sµch as modifications to hibernacula, timber harvest, human 
disturbance, and collisions with wind turbines. Actions that may jeopardize the continued 
existence of this proposed species may require formal conference procedures in coordination 
with the Service. A decision regarding listing of the northern long-eared bat is anticipated to be 
made April 2, 2015., Interim guidance has been issued for this species that may be helpful to you 
(see: <http://www.fws.gov/midwest/endangered/mammals/nlba/pdf/ 
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NLEBinterimGuidance6Jan2014.pdt>. We request any northern long-eared bat survey data you 
may collect. 

Per earlier correspondence, it is our understanding that the Western Area Power Administration 
(Western) is the federal action agency for this project. If Western or their designated 
representative determines that the project "may adversely affect" listed species in South Dakota, 
it should request formal consultation from this office. If a "may affect - not likely to adversely 
affect" determination is made for this project, it should be submitted to this office for 
concurrence. If a "no effect" determination is made, further consultation may not be necessary. 
However, a copy of the determination should be sent to this office. 

Bald Eagles 

Our U.S. Fish and Wildlife Service (USFWS) Eagle Conservation Plan Guidance (ECPG) was 
issued in April 2013, and per your letter you are familiar with the guidance and will be 
conducting eagle surveys at the project site. We have reviewed the protocol you provided. We 
note that the ECPG suggests at least 2 years of preconstruction surveys for eagles, as well as 
coverage of at least 30% of a 1-km buffer around turbine locations, while your protocol currently 
includes only 1 year of study, and 26% coverage. Following the ECPG more closely will 
strengthen the data used to estimate the risk to eagles and determine the appropriate risk category 
of the proposed project. Additionally, you have requested locations of documented eagle nests 
within 10 miles of the project area. The South Dakota Department of Game, Fish and Parks 
(SDDGFP) monitors known eagle nests annually, thus you may obtain this information from 
SDDGFP. Consider conducting surveys for eagle nests within the 10 mile radius of the project to 
identify any nests not currently known to SDDGFP. 

Birds of Conservation Concern 

In our February 5, 2010, letter we indicated the potential for occurrence of species listed in our 
Birds of Conservation Concern 2008 publication. That information remains relevant to this 
project with exception of our recommendation to develop an Avian and Bat Protection plan for 
the wind facility. Although that type of plan would be appropriate for the transmission portion of 
this project, impacts from the wind energy facility may be better addressed via development of a 
Bird and Bat Conservation Strategy as outlined in our Land-Based Wind Energy Guidelines (see 
page 55 of the Guidelines: <http://www.fws.gov/windenergy/docs/ WEG_final.pdt>). 

Note that some species of migratory birds, particularly grassland dependent species such as the 
grasshopper sparrow, may tend to avoid wind turbines. This equates to habitat loss via negative 
behavioral response to turbines. We recommend offsetting that loss, perhaps via establishment 
of grassland easements, or restoration of degraded prairie/former grasslands. If the Crowned 
Ridge facility will impact intact grasslands, we recommend further coordination on this issue 
with both this office and the USFWS Waubay Wetland Management District whom you have 
already contacted. We request any survey data collected at the Crowned Ridge project area. 
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Agency Coordination 

Our February 5, 2010, letter included recommended coordination with other agencies, including 
the U.S. Geological Survey at the Northern Prairie Wildlife Research Center, as they were 
conducting wind energy/wildlife interaction studies, but it is our understanding that that work has 
been completed. Again, continued coordination is recommended with USFWS Waubay Wetland 
Management District and SDDGFP regarding their areas of expertise. 

Other Guidance Updates 

No changes from our February 5, 2010, recommendations and advisories are provided herein 
regarding fisheries, wetlands, or the Migratory Bird Treaty Act and Bald and Golden Eagle 
Protection Act. Your letter indicates you are familiar with our 2013 Land-based Wind Energy 
Guidelines which have been finalized since our last correspondence, and you are following the 
tiered steps therein, which we highly recommend. We provided information in our February 5, 
2010, letter regarding meteorological towers, but note that we have updated our communication 
tower guidance which extends to meteorological towers; that updated guidance is enclosed. Also 
note that the publication Mitigating Bird Collisions with Power Lines: The State of the Art in 
1994 we had previously recommended has been updated with a 2012 version: Reducing Avian 
Collisions with Power Lines: The State of the Art in 2012 which may be obtained by contacting 
the Edison Electric Institute at: <http://www.eei.org/resourcesandmedia/products/Pages/ 
ProductDetails.aspx?prod=F20558BF-A097-4289-A8BA-167 4 B6096523&type=P>. 

If changes are made in the project plans or operating criteria, or if additional information 
becomes available, the Service must be informed so that the above determinations can be 
reconsidered. 

We appreciate the opportunity to provide comments on this project. If you have any questions 
on these comments, please contact Natalie Gates of this office at (605) 224-8693, Extension 227. 

Enclosures 

Cc: USFWS Waubay NWR; Waubay, SD 
(Attn: Connie Mueller) 

Sincerely, 

Scott Larson 
Field Supervisor 
South Dakota Field Office 

Western Area Power Administration; Billings, MT 
(Attn: Matt Marsh) 

SDDGFP; Pierre, SD 
(Attn: Silka Kempema) 

USFWS HAPET; Bismarck, ND 
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2013 U.S. Fish and Wildlife Service (USFWS) Revised Voluntary Guidelines for 
Communication. Tower Design, Siting, Construction, Operation, Retrofitting, and 
Decommissioning-

Suggestions Based on Previous USFWS Recommendations to FCC Regarding WT Docket 
No. 03-187, FCC 06-164, Notice of Proposed Rulemaking, "Effects of Communication 
Towers on Migratory Birds" (2007), Docket No. 08-61, FCC's Antenna Structure 
Registration Program (2011), Service 2012 Wind Energy Guidelines, and Service 2013 
Eagle Conservation Plan Guidance 

Submitted by: 

Albert M. Manville, II, Ph.D., C.W.B. 
Senior Wildlife Biologist & Avian-Structural Lead 
Division of Migratory Bird Management, U.S. Fish & Wildlife Service 
4401 N. Fairfax Dr. -- MBSP-4107 
Arlington, VA 22203 
703/358-1963, albert manville@fws.gov 

Last updated: September 27, 2013 

[Comm Tower2013 Revised Guidance-to FCC-AMM.docx] 

1. Collocation of the communications equipment on an existing communication tower or other 
structure ( e.g., billboard, water and transmission tower, distribution pole, or building mount) is 
strongly recommended. Depending on tower load factors and communication needs, from 6 to 
10 providers should collocate on an existing tower or structure provided that frequencies do not 
overlap/"bleed" or where frequency length or broadcast distance requires higher towers. New 
towers should be designed structurally and electronically to accommodate the applicant's 
antenna, and antennas of at least 2 additional users - ideally 6 to 10 additional users, if possible -
unless the design would require the addition oflights and/or guy wires to an otherwise unlit 
and/or unguyed tower. This recommendation is intended to reduce the number of towers needed 
in the future. 

2. If collocation is not feasible and a new tower or towers are to be constructed, it is strongly 
recommended that the new tower(s) should be not more than 199 feet above ground level (AGL), 
and that construction techniques should not require guy wires. Such towers should be unlighted 
if Federal Aviation Administration (FAA) regulations and lighting standards (FAA 2007, 
Patterson 2012; FAA 2013 lighting circular anticipated update) permit. Additionally, the Federal 
Communications Commission (FCC) through recent rulemaking now requires that new towers ::". 
450 ft AGL contain no red-steady lights. FCC also recommends that new towers 350-450 ft 
AGL also contain no red-steady lights, and they will eventually recommend that new towers < 
350 ft AGL convert non-flashing lights to flash with existing flashing lights. LED lights are 
being suggested as replacements for all new construction and for retrofits, with the intent of 
future synchronizing the flashes. Given these dynamics, the Service recommends using lattice 
tower or monopole structures for all towers< 200 ft AGL and for taller towers where feasible. 
The Service considers the less than 200 ft AGL option the "gold standard" and suggests that this 

1 
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is the environmentally preferred industry standard for tower placement, construction and 
operation - i.e., towers that are unlit, unguyed, monopole or lattice, and less than 200 ft 
AGL. 

3. If constructing multiple towers, the cumulative impacts of all the towers to migratory birds -
especially to Birds of Conservation Concern (FWS 2008) and threatened and endangered 
species, as well as the impacts of each individual tower, should be considered during the 
development of a project. 

4. The topography of the proposed tower site and surrounding habitat should be clearly noted, 
especially in regard to surrounding hills, mountains, mountain passes, ridge lines, rivers, lakes, 
wetlands, and other habitat types used by raptors, Birds of Conservation Concern, and state and 
federally listed species, and other birds of concern. Active raptor nests, especially those of Bald 
and Golden Eagles, should be noted, including known or suspected distances from proposed 
tower sites to nest locations. Nest site locations for Golden Eagles may vary between years, and 
unoccupied, inactive nests and nest sites may be re-occupied over multiple years. The Service's 
2013 Eagle Conservation Plan Guidance, Module 1, Land-based Wind Energy, Version 2, 
available on our ..yebsite, is a useful document (USFWS 2013). · 

5. Ifat all possible, new towers should be sited within existing "antenna farms" (i.e., clusters of 
towers), in degraded areas (e.g., strip mines or other heavily industrialized areas), in commercial 
agricultural lands, in Superfund sites, or other areas where bird habitat is poor or marginal. 
Towers should not be sited in or near wetlands, other known bird concentration areas (e.g., state 
of federal refuges, staging areas, rookeries, and Important Bird Areas), in known migratory, daily 
movement flyways, areas of breeding concentration, in habitat of threatened or endangered 
species, or key habitats for Birds of Conservation Concern (FWS 2008). Disturbance can result 
in effects to bird populations which may cumulatively affect their survival. The Service has 
recommended some disturbance-free buffers, e.g., 0.5 mi around.raptor nests during the nesting 
season, and 1-mi disturbance free buffers for Ferruginous Hawks and Bald Eagles during nesting 
season in Wyoming (FWS WY Ecological Services Field Office, referenced in Manville 
2007:23). The effects of towers on "prairie grouse," "sage grouse," and grassland and shrub
steppe bird species should also be considered since tall structures have been shown to result in 
abandonment of nest site areas and leks, especially for "prairie grouse" (Manville 2004). The 
issue of buffers is currently under review, especially for Bald and Golden Eagles. Additionally, 
towers should not be sited in areas with a high incidence of fog, mist, and low cloud ceilings. 

6. If taller(> 199 ft AGL)towers requiring lights for aviation safety must be constructed, the 
minimum amount of pilot warning and obstruction avoidance lighting required by the FAA 
should be used. Unless otherwise required by the FAA, only white strobe or red strobe lights 
(red preferable since it is generally less displeasing to the human eye at night), or red flashing 
incandescent lights should be used at night, and these should be the minimum number, minimum 
intensity ( < 2,000 candela), and minimum number of flashes per minute (i.e., longest duration 
between flashes/"dark phase") allowable by the FAA. The use of solid (non-flashing) warning 
lights at night should be avoided (Patterson 2012, Gehring et al. 2009) - see recommendation #2 
above. Current research indicates that solid red lights attract night-migrating birds at a much 
higher rate than flashing lights (Gehring et al. 2009, Manville 2007, 2009). Recent research 
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indicates that use of white strobe, red strobe, or red flashing lights alone provides significant 
reductions in bird fatalities (Patterson 2012, Gehring et al. 2009). 

7. Tower designs using guy wires for support, which are proposed to be located in known raptor 
or waterbird concentrations areas, daily movement routes, major diurnal migratory bird 
movement routes, staging areas, or stopover sites, should have daytime visual markers or bird 
deterrent devices installed on the wires to prevent collisions by these diurnally moving species. 
The efficacy of bird deterrents on guy wires to alert night migrating species has yet to be 
scientifically validated. For guidance on markers, see Avian Power Line Interaction Committee 
(APLIC). 2006. Suggested Practices for Avian Protection on Power Lines -- State of the Art in 
2006. Edison Electric Institute, APLIC, and the California Energy Commission. Washington, 
DC, and Sacramento, CA. 207 pp, and APLIC. 2012. Reducing Avian Collisions with Power 
Lines -- the State of the Art in 2012. Edison Electric Institute and APLIC. Washington, DC. 159 
pp. Also see www.aplic.org. www.energy.ca.gov, or call 202-508-5000. 

8. Towers and appendant facilities should be designed, sited, and constructed so as to avoid or 
minimize habitat loss within and adjacent to the tower "footprint." However, a larger tower 
footprint is preferable to the use of guy wires in construction. Several shorter, un-guyed towers 
are preferable to one, tall guyed, lighted tower. Road access and fencing should be minimized to 
reduce or prevent habitat fragmentation, disturbance, and the creation of barriers, and to reduce 
above ground obstacles to birds in flight. 

· 9. If, prior to tower design, siting and construction, if it has been determined that a significant 
number of breeding, feeding and roosting"birds, especially of Birds of Conservation Concern 
(FWS 2008), state or federally-listed bird species, and eagles are known to habitually use the 
proposed tower construction area, relocation to an alternate site is highly recommended. If this 
is not an option, seasonal restrictions on construction are advised in order to avoid disturbance, 
site and nest abandonment, especially during breeding, rearing and other periods of high bird 
activity. 

I 0. Security lighting for on-ground facilities, equipment and infrastructure should be motion- or 
heat-sensitive, down-shielded, and of a minimum intensity to reduce nighttime bird attraction 
and eliminate constant nighttime illumination, but still allow safe nighttime access to the site 
(USFWS 2012, Manville 2011). 

11. Representatives from the USFWS or researchers from the Research Subcommittee of the 
Communication Tower Working Group should be allowed access to the site to evaluate bird use; 
conduct dead-bird searches; place above ground net catchments below the towers (Manville 
2002); and to perform studies using radar, Global Position System, infrared, thermal imagery, 
and acoustical monitoring, as necessary. This will allow for assessment and verification of bird 
movements, site use, avoidance, and mortality. The goal is to acquire information on the impacts 
of various tower types, sizes, configurations and lighting protocols. 

12. Towers no longer in use, not re-licensed by the FCC for use, or determined to be obsolete 
should be removed from the site within 12 months of cessation of use, preferably sooner. 
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13. In order to obtain information on the usefulness of these guidelines in preventing bird strikes 
and better understanding impacts from habitat fragmentation, please advise USFWS personnel of 
the final location and specifications of the proposed tower, and which measures recommended in 
these guidelines were implemented. If any of these recommended measures cannot be 
implemented, please explain why they are not feasible. This will further advise USFWS in 
identifying any recurring problems with the implementation of the guidelines, which may 
necessitate future modifications. 

Reference Sources: 

Federal Aviation Administration. 2007. Obstruction marking and lighting. Advisory Circular AC 
70/7460-lK. U.S. Department of Transportation. 

Gehring, J., P. Kerlinger, arid A.M. Manville, IL 2009. Communication towers, lights and birds: 
successful methods of reducing the frequency of avian collisions. Ecological Applications 19(2): 
505-514. Ecological Society of America. 

Gehring, J., P. Kerlinger, and A.M. Manville, II. 2011. The role of tower height and guy wires on 
· avian collisions with communication towers. Journal of Wildlife Management 75(4): 848-855. 
The Wildlife Society. 

Manville, A.M., IL 2002. Protocol for monitoring the impact of cellular telecommunication 
towers on migratory birds within the Coconino, Prescott, and Kaibab National Forests, Arizona. 
Protocol requested by U.S. Forest Service. 9 pp. 

Manville, A.M., IL 2004. Prairie grouse leks and wind turbines: U.S. Fish and Wildlife Service 
justification for a 5-mile buffer from leks; additional grassland songbird recommendations. 
Division of Migratory Bird Management, USFWS, Arlington, VA, peer-reviewed briefing paper. 
17 pp. 

Manville, A.M., IL 2007. Comments of the U.S. Fish and Wildlife Service Submitted 
Electronically to the FCC on 47 CFR Parts I and 17, WT Docket No. 03-187, FCC 06-164, 
Notice of Proposed Rulemaking, "Effects of Communication Towers on Migratory Birds." 
February 2, 2007. 32 pp. 

Manville, A.M., IL 200_9. Towers, turbines, power lines, and buildings - steps being taken by the 
U.S. Fish and Wildlife Service to avoid or minimize take of migratory birds at these structures. 
Pages 262-272 In T.D. Rich, C. Arizmendi, D. Demarest, and C. Thompson (eds.). Tundra to 
Tropics: Connecting Habitats and People. Proceedings 4th·International Partners in Flight 
Conference, McAllen, TX. 

Manville, A.M., II. 2011. Comments of the U.S. Fish and Wildlife Service's Division of 
Migratory Bird Management Filed Electronically on WT Docket No. 08-61 and WT Docket No. 
03-187, Regarding the Environmental Effects of the Federal Communication's Antenna Structure 
Registration Program. January 14, 2011. 12 pp. 
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Patterson, J.T., Jr. 2012. Evaluation of new obstruction lighting techniques to reduce avian 
fatalities. DOT IF AA/TC-TNl 2/9, Federal Aviation Administration, U.S. Department of 
Transportation. 28 pp, plus appendices. 

U.S. Fish and Wildlife Service. 2000. Service Guidance on the Siting, Construction, Operation, 
and Decommissioning of Communication Towers. September 14, 
2000. http://www.fws.gov/migratorybirds/CurrentBirdissues/Hazards/towers/comtow .html. 

U.S. Fish and Wildlife Service. 2008. Birds of Conservation Concern 2008. United States 
Department of Interior, Fish and Wildlife Service, Division of Migratory Bird Management, 
Arlington, VA. 85 pp. http://www.fws.gov/migratorybirds/> 

U.S. Fish and Wildlife Service. 2012. U.S. Fish and Wildlife Service Land-Based Wind Energy 
Guidelines. March, 82 pp. 

U.S. Fish and Wildlife Service. 2013. Eagle Conservation Plan Guidance, Module 1, Land-based 
Wind Energy, Version 2. Division of Migratory Bird Management. April, 103 pp. 
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1

Kely Mertz

Subject: Information included: Crowned Ridge project discussion
Location: Conference Line

Start: Thu 4/20/2017 12:00 PM
End: Thu 4/20/2017 1:00 PM
Show Time As: Tentative

Recurrence: (none)

Meeting Status: Not yet responded

Organizer: Kely Mertz
Required Attendees: Kempema, Silka; Natoma Hansen; Natalie_Gates@fws.gov; Mueller, Connie; Wells, 

Kimberly; Tyler.Williams@nexteraenergy.com; patrick.flowers@xcelenergy.com

Good morning, 
 
Below, please find the agenda and call‐in information for the call. We are also attaching a project overview, which we 
will walk through during the call. We understand the late circulation and do not expect review prior to the call.  
 
We look forward to talking tomorrow. 
Thank you, 
Kely 
 
Call‐in Information 
305‐552‐3001 
11855446# 
 
Agenda 

I. Introductions 
II. Project overview  
III. Current studies 
IV. PUC process 
V. USFWS easements 
VI. Questions 
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Memorandum 
 

Date: April 19, 2017 

Re: Crowned Ridge II Project Background 

PROJECT OVERVIEW 

Crowned Ridge Wind, LLC, an indirect subsidiary of NextEra Energy Resources, LLC (NEER), plans to 
develop a 600-megawatt (MW) wind facility known as the Crowned Ridge Wind Energy Facility (the 
project) in Deuel, Grant, and Codington Counties. The northern 300 MW will produce energy sold to 
Xcel through a Power Purchase Agreement. The southern 300 MW is a build-own-transfer project, with 
Xcel Energy (Xcel) as the ultimate owner-operator (Figure 1). The project’s point of interconnection will 
be Otter Tail Power’s Big Stone South 230-kilovolt (kV) substation near Big Stone City, South Dakota. 
Construction is anticipated to commence in early 2019, and the project is scheduled to achieve 
commercial operation on or before the end of 2019. For purposes of discussion, the northern 300 MW can 
be referenced as Crowned Ridge I, and the southern 300 MW can be referenced as Crowned Ridge II. 

STUDIES AND SURVEYS 

NEER has completed numerous studies in the general vicinity of the project area (Table 1). NEER has 
coordinated with the U.S. Fish and Wildlife Service and South Dakota Game, Fish and Parks multiple 
times (2005, 2007, 2009, 2010, 2015, 2017) to request information regarding ecologically significant 
areas (e.g., easements) and endangered, threatened, or special status species (e.g., eagles) in this general 
area of South Dakota.  

Table 1. Surveys and Studies Completed or in Progress for the Crowned Ridge Wind Energy Facility 
Project Area and Vicinity 

Survey/Study Date 
Survey/ Study 
Description 

Description or Summary of 
Results 

Federal or State 
Listed Species 
Observed?  
If Y, describe. 

Fall 2007 Critical Issues Analysis 
(CIA) Bemis Wind 
Resource Area (WRA) 

Recommended additional 
investigations; identified potential 
constraints. 

NA 

Mar 2007 – Jun 2008 Avian Surveys – Spring 
(Bemis WRA) 

Identified 27 active raptor nests 
(mostly red-tailed hawks); several 
leks. 

Y (11 South Dakota 
state-sensitive 
species) 

Jun 2008 Native Prairie Surveys 
(Bemis WRA) 

Delineated grassland, native and 
tame, and potential Dakota skipper 
habitat. 

N 

Aug – Nov 2008 Avian Surveys – Fall 
(Bemis WRA) 

Documented avian species. Y (12 South Dakota 
sensitive species) 

Jun – Jul 2009 Native Prairie Surveys 
(Crowned Ridge WRA) 

Delineated native and tame 
grassland and potential Dakota 
skipper habitat. 

N 
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Table 1. Surveys and Studies Completed or in Progress for the Crowned Ridge Wind Energy Facility 
Project Area and Vicinity (Continued) 

Survey/Study Date 
Survey/ Study 
Description 

Description or Summary of 
Results 

Federal or State 
Listed Species 
Observed?  
If Y, describe. 

2013 CIA (Crowned Ridge 
Wind Energy Center 
[WEC]) 

Recommended additional 
investigations and identified 
potential constraints or resources for 
consideration. 

NA 

Aug – Nov 2014 Avian Surveys – Fall 
(Crowned Ridge WEC) 

Documented avian species. N 

Mar – Nov 2014;  
Nov – Mar 2015 

Eagle Survey (Crowned 
Ridge WEC) 

Documented eagle presence and 
use. 

NA 

2015 Dakota Skipper Habitat 
Evaluation (Crowned 
Ridge WEC) 

Identified approximately five areas 
(ranging from 39 to 193 acres each 
and comprising 3% of the Project 
Area) of potential Dakota skipper 
habitat in the Project Area. 

N 

Summer 2015 Northern long-eared bat 
(NLEB) summer bat 
habitat assessment 
(Crowned Ridge 
Transmission Line Route) 

Identified marginal potential suitable 
NLEB roosting habitat. 

NA 

Aug – Oct 2015; April 
– Oct  2016 

Bat acoustic survey  
(Crowned Ridge WEC) 

Documented bat activity. NA 

Apr, May 2017 Aerial Raptor Survey 
(Crowned Ridge Wind 
Energy Facility [WEF]) 

Identified raptor nests within project 
area plus 2- and 10-mile buffers. 
April complete. 

TBD 

April – Nov 2017 Avian point count surveys 
(Crowned Ridge WEF) 

In progress. April point count 
complete. 

TBD 

Apr – Nov 2017 Bat Acoustic monitoring 
(Crowned Ridge WEF) 

In progress. TBD 

Notes: 
N = No. 
NA = Not Applicable. 
TBD = To Be Determined. 
Y = Yes. 
  

Technical Memorandum / SWCA Project No. 42063 2 
April 19, 2017 
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Figure 1. Crowned Ridge Wind Energy Facility, Crowned Ridge II, South Dakota. 

Technical Memorandum / SWCA Project No. 42063 3 
April 19, 2017 

Crowned Ridge II 

@ City i _______ Proposed Project Area 

Interstate Highway c::J County Boundary 

--- U.S. Highway 

--- State Highway 

SWCA 
ENVIRONMENTAL CONSULTANTS 

116 North 4th Street 
Suite 200 

Bismarck, ND 58501 

Phone: 701 .258.6622 
Fax: 701.258.5957 

www.swca.com 
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0 
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Codington, Grant, and Deuel Counties, South Dakota 

Projection: NAD 1983 UTM Zone 14N 
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1

Scott Phillips

From: Zonna Barnes
Sent: Friday, June 16, 2017 5:02 PM
To: Paige Olson; Scott Phillips; Carolyn.Stewart@nexteraenergy.com; 

Richard.Estabrook@nexteraenergy.com; Tyler.Wilhelm@nexteraenergy.com; 
Kimberly.Wells@nexteraenergy.com

Cc: Norma Crumbley; Stephen Sabatke
Subject: RE: Crowned Ridge Project Meeting
Attachments: Cultural Resources_overview-methods_memo_swca_14Jun2017.docx

Hi all,  
In preparation for the call on Monday morning, the cultural resource overview document is attached. 
 
Thanks! 
Zonnie 
 
‐‐‐‐‐Original Appointment‐‐‐‐‐ 
From: Zonna Barnes  
Sent: Monday, June 12, 2017 5:07 PM 
To: Zonna Barnes; Paige Olson; Scott Phillips; Carolyn.Stewart@nexteraenergy.com; 
Richard.Estabrook@nexteraenergy.com; Tyler.Wilhelm@nexteraenergy.com; Kimberly.Wells@nexteraenergy.com 
Cc: Norma Crumbley; Stephen Sabatke 
Subject: Crowned Ridge Project Meeting 
When: Monday, June 19, 2017 9:00 AM‐10:00 AM (UTC‐07:00) Mountain Time (US & Canada). 
Where: 866.740.1260 Access Code: 9951661 
 
 
9 am (MDT)/10 am (CDT) 
 
Conference Call information: 
1‐866‐740‐1260 
Access code: 9951661 
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Memorandum 
 

Date: June 14, 2017 

Re: Crowned Ridge Wind Energy Facility Overview and Cultural Resources Review 

PROJECT OVERVIEW 

Crowned Ridge Wind, LLC, an indirect subsidiary of NextEra Energy Resources, LLC (NEER), plans to 
develop a 600-megawatt (MW) wind facility known as the Crowned Ridge Wind Energy Facility (the 
project) in Deuel, Grant, and Codington Counties. The northern 300 MW will produce energy sold to 
Xcel Energy (Xcel) through a Power Purchase Agreement. The southern 300 MW is a build-own-transfer 
project, with Xcel as the ultimate owner-operator (Figures 1 and 2). The project’s point of interconnection 
will be Otter Tail Power’s Big Stone South 230-kilovolt (kV) substation near Big Stone City, South 
Dakota. Construction is anticipated to commence in early 2019, and the project is scheduled to achieve 
commercial operation on or before the end of 2019. For purposes of discussion, the northern 300 MW can 
be referenced as Crowned Ridge I, and the southern 300 MW can be referenced as Crowned Ridge II. 

CULTURAL RESOURCE REVIEW 

Cultural resources review for the project is to meet the requirements of the South Dakota Public Utilities 
Commission (PUC) for project permitting. No federal involvement is triggered for the project that would 
require review under Section 106 of the National Historic Preservation Act. NEER has engaged the 
Sisseton-Wahpeton Oyate of the Lake Traverse Reservation (SWO), HDR, Inc. (HDR), and SWCA 
Incorporated (SWCA) to conduct the tribal resource, archaeological, and historic—or collectively 
“cultural resource”—review for the project. SWCA is leading and coordinating this combined effort. 

Existing Knowledge Bases 

Records searches from the South Dakota Archaeological Research Center (SARC) databases indicate 562 
cultural resources previously recorded within the vicinity of the project by 103 previous surveys (Table 
1). Identification of tribal resources, such as sacred sites, Traditional Cultural Properties (TCPs), sites of 
religious importance, and historic properties, will be identified by SWO and may overlap with sites 
identified by others in the SARC databases. SWO is also working with NEER to lead outreach to other 
concerned tribes. As a result, the Spirit Lake Tribe and the Yankton Sioux Tribe are anticipated to 
participate in field survey efforts. 

Field Survey 

A Level III intensive inventory of tribal, archaeological, and historic resources of the project area will be 
conducted including all turbine locations, collection lines, roads, 230-kV substations, and 230-kV 
transmission lines connecting the project to the Otter Tail Power 230-kV Big Stone Substation. Resource 
specialists from SWCA, HDR, SWO, and other engaged tribes will cover these areas with systematic 
pedestrian transects spaced no more than 30 meters (m) apart for an intensive survey of cultural resources.  

Technical Memorandum / SWCA  
June 14, 2017 
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Table 1. Previously Recorded Cultural Resources in the Project Vicinity per SARC Databases 
Cultural Resource 
Category 

Quantity Identified 

Archaeological Sites 118 
Historic Districts 1 
Historic Bridges 49 
Cemeteries 11 
Historic Structures 383 
Total 562 

During the inventory, any previously recorded sites will be re-evaluated and re-recorded as necessary. 
Newly discovered cultural resources will be mapped to scale and recorded in accordance with South 
Dakota State Historic Preservation Officer (SHPO) guidelines. Global positioning system shapefiles will 
be created and additionally used to assist NEER in planning project design in relation to cultural 
resources.  

Principal Investigators from this team will evaluate the significance of all identified historic and 
prehistoric resources in terms of eligibility for the National Register of Historic Places and in relation to 
tribal significance. While evaluations of significance for an archaeological resource might use 
information from subsurface testing of both sites and isolated finds, subsurface testing will largely be 
limited to historical archaeological sites and excluded from potentially tribally significant resources that 
may be alternately assessed through nonintrusive means.  

Based upon the PUC permits required for project components, NEER anticipates that up to four phases of 
cultural resources reporting may be required: one each for the Off-site and On-site Gen-ties, and one each 
for Crowned Ridge I and II. The Off-Site Gen-tie will connect from the northern end of the project to the 
Big Stone South 230- kV substation and is to begin PUC permitting by August 2017. The On-site Gen-tie 
will connect between Crown Ridge I and II, and these project components are to begin PUC permitting by 
October 2017. 

Reporting 

The team will prepare Level III intensive inventory reports to current SHPO standards. Reporting will 
include a project description, environmental setting, cultural setting, background research results, research 
design, methods, results of investigations, recommendations, and references cited. The report will provide 
recommendations regarding the management of cultural resources identified in the project area, with 
particular recommendations for avoidance, minimization, and other mitigation, as needed, for significant 
(National Register of Historic Places–eligible) cultural resources. The information will assist NEER with 
micrositing, focusing upon the avoidance of effects to cultural resources to the extent achievable. An 
unanticipated discovery plan will also be drafted in consultation with NEER and the SHPO. This plan will 
detail specific actions to take during the construction phase of the project should any cultural resource 
discoveries be identified.  

 

This memorandum was prepared for NEER by SWCA. 

Technical Memorandum / SWCA  
June 14, 2017 
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Figure 1. Crowned Ridge Wind Energy Facility, Crowned Ridge I, South Dakota. 
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Figure 2. Crowned Ridge Wind Energy Facility, Crowned Ridge II, South Dakota. 
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From: Kely Mertz
To: Runia, Travis
Subject: RE: Lek data
Date: Thursday, June 15, 2017 10:53:00 AM
Attachments: Generalized_Polygon.zip

Travis,
Attached is the general area of interest, which is confidential at this time.
Thank you!
Kely
 
 

From: Runia, Travis [mailto:Travis.Runia@state.sd.us] 
Sent: Thursday, June 15, 2017 8:43 AM
To: Kely Mertz <KMertz@swca.com>
Subject: RE: Lek data
 
Hi Kely,
 
Do you have a shapefile of the area of interest?  I understand you might not be able to share the
exact project boundary.
 
We usually respond to these requests by providing any lek data we may have, but we also let the
developer know what surveys have been completed in the area.  Our survey foot print is quite small,
so many times we do not have any known lek locations in the proposed project area, but it is
because surveys have not been conducted.
 
Thanks,
 
 
Travis Runia | Senior Upland Game Biologist
South Dakota Department of Game, Fish and Parks

895 3rd St. SW | Huron, SD 57350
605.353.8477 | Travis.Runia@state.sd.us
 
 
 

From: Kely Mertz [mailto:KMertz@swca.com] 
Sent: Thursday, June 15, 2017 7:39 AM
To: Runia, Travis
Subject: FW: [EXT] Lek data
 
Good morning Travis,
I was inquiring about current data regarding lek locations, and Casey indicated you might have more
information. Is this data that your agency has, and can share? This is in reference to ongoing
coordination with SDGFP and USFWS regarding a potential wind project in eastern South Dakota.
Thank you in advance,
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Kely
 

 

Kely Mertz 

Senior Project Manager 

200 W. 22nd Street, Suite 220

Lombard, IL 60148

Office 630.705.1762

Cell 614.580.6715

Visit Our Website: http://www.swca.com

 
 
 

From: Heimerl, Casey [mailto:Casey.Heimerl@state.sd.us] 
Sent: Thursday, June 15, 2017 8:36 AM
To: Kely Mertz <KMertz@swca.com>
Subject: RE: Lek data
 
Hi Kely,
 
We do not keep lek data in our Natural Heritage Database. I recommend you contact our upland
gamebird biologist to see what he may be able to provide. His email is Travis.Runia@state.sd.us
 
~Casey
 

From: Kely Mertz [mailto:KMertz@swca.com] 
Sent: Thursday, June 15, 2017 7:15 AM
To: Heimerl, Casey
Subject: [EXT] Lek data
 
Hi Casey,
We are interested in the most current information regarding lek data also. Can we make that
request under the same data use agreement form, or would we need to do another request
separately? I would need to provide you with a slightly updated shapefiles and buffer.
Thank you,
Kely
 
 
Kely Mertz 

Senior Project Manager 

200 W. 22nd Street, Suite 220

Lombard, IL 60148

Office 630.705.1762

Cell 614.580.6715

Visit Our Website: http://www.swca.com
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From: Kely Mertz
To: Runia, Travis
Cc: Heimerl, Casey
Subject: RE: Lek data
Date: Tuesday, July 11, 2017 9:44:00 AM

This is very helpful, thank you Travis!
Kely
 

From: Runia, Travis [mailto:Travis.Runia@state.sd.us] 
Sent: Tuesday, July 11, 2017 9:43 AM
To: Kely Mertz <KMertz@swca.com>
Cc: Heimerl, Casey <Casey.Heimerl@state.sd.us>
Subject: RE: Lek data
 
Hi Kely,
 
We have very limited survey effort for prairie grouse leks in your project area.  However, see below
the information for 4 recent lek locations.
 
 
2014 – STGR – 11 males - -96.877056, 44.960364
2016 – GPCH – 25 birds - -96.879337, 45.161802
2016 – Unknown Species – 6 birds - -96.912922, 45.131501
2016 – Unknown Species – 20 birds - -96.872471, 45.129682
 
Thanks,
 
 
Travis Runia | Senior Upland Game Biologist
South Dakota Department of Game, Fish and Parks

895 3rd St. SW | Huron, SD 57350
605.353.8477 | Travis.Runia@state.sd.us
 
 
 

From: Kely Mertz [mailto:KMertz@swca.com] 
Sent: Monday, July 10, 2017 12:52 PM
To: Runia, Travis
Subject: RE: [EXT] Lek data
 
Good afternoon, Travis –
I was just following up to see if you had any lek data available for the area of interest I provided in
June?
Thank you!
Kely
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July 12, 2017 
 
Silka Kempema 
South Dakota Game Fish and Parks 
523 East Capitol Avenue 
Pierre, SD 57501 
Re: Crowned Ridge I and II Wind Energy Projects in Codington, Deuel, and Grant Counties, South 

Dakota 

Dear Ms. Kempema: 
SWCA Environmental (SWCA) is writing on behalf of NextEra Energy Resources, LLC (NEER), to request 
information regarding ecologically sensitive areas and federally and state listed endangered, threatened, or 
special concern species occurrences in reference to the proposed Crowned Ridge Wind, LLC and Crowned 
Ridge Wind II, LLC projects in Codington, Deuel, and Grant counties, South Dakota.  
The two projects are adjacent and will total 600 megawatts (MW). The northern 300 MW and northern gen-tie 
are known as the Crowned Ridge I project. The southern 300 MW and southern (on-site) gen-tie is known as the 
Crowned Ridge II project. The projects’ point of interconnection will be Otter Tail Power’s Big Stone South 230-
kilovolt substation near Big Stone City, South Dakota. Construction is anticipated to commence in late 2018, and 
the projects are scheduled to achieve commercial operation on or before the end of 2019. 
We have provided Shapefiles and a figure to facilitate your review, and we greatly appreciate your ongoing 
efforts to treat the projects and their locations as confidential at this time. Please note that the area provided is 
larger than what ultimately will be needed to develop the projects. However, querying this area will allow NEER 
to accommodate micro-siting adjustments to avoid sensitive resources to the extent possible. 
NEER has coordinated with the South Dakota Game, Fish, and Parks and US Fish and Wildlife Service 
(USFWS) since 2005 regarding potential wind energy development in this general region. Recent coordination 
includes our April 20, 2017 conference calls with you and the USFWS. As you are aware from this past and 
ongoing coordination, NEER’s goal is to perform a thorough analysis of environmental resources using the best 
available information.  
Should you have any questions or require additional information, please do not hesitate to contact me at 
614.580.6715 or kmertz@swca.com. Thank you for your assistance. 

Sincerely, 

 
Kely Mertz 
Senior Project Manager 

\ 

2136_ 7 
\..... 

ENVIRONMENTA L CONSULTANTS 

Sound Science. Creative Solutions.• 

200 West 22nd Street, Suite 220 
Lombard, Illinois 60148 
Tel 630.705. 1 7 62 
www.swco.com 
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July 12, 2017 
 
Natalie Gates 
US Fish and Wildlife Service 
420 S. Garfield Avenue, Suite 400 
Pierre, SD 57501 
Re: Crowned Ridge I and II Wind Energy Projects in Codington, Deuel, and Grant Counties, South 

Dakota 

Dear Ms. Gates: 
SWCA Environmental (SWCA) is writing on behalf of NextEra Energy Resources, LLC (NEER), to request 
information regarding ecologically sensitive areas and federally and state listed endangered, threatened, or 
special concern species occurrences in reference to the proposed Crowned Ridge Wind, LLC and Crowned 
Ridge Wind II, LLC projects in Codington, Deuel, and Grant counties, South Dakota.  
The two projects are adjacent and will total 600 megawatts (MW). The northern 300 MW and northern gen-tie 
are known as the Crowned Ridge I project. The southern 300 MW and southern (on-site) gen-tie is known as the 
Crowned Ridge II project. The projects’ point of interconnection will be Otter Tail Power’s Big Stone South 230-
kilovolt substation near Big Stone City, South Dakota. Construction is anticipated to commence in late 2018, and 
the projects are scheduled to achieve commercial operation on or before the end of 2019. 
We have provided Shapefiles and a figure to facilitate your review, and we greatly appreciate your ongoing 
efforts to treat the projects and their locations as confidential at this time. Please note that the area provided is 
larger than what ultimately will be needed to develop the projects. However, querying this area will allow NEER 
to accommodate micro-siting adjustments to avoid sensitive resources to the extent possible. 
NEER has coordinated with the US Fish and Wildlife Service and South Dakota Game, Fish, and Parks 
(SDGFP) since 2005 regarding potential wind energy development in this general region. Recent coordination 
includes our April 20, 2017 conference calls with you and the SDGFP. As you are aware from this past and 
ongoing coordination, NEER’s goal is to perform a thorough analysis of environmental resources using the best 
available information.  
Should you have any questions or require additional information, please do not hesitate to contact me at 
614.580.6715 or kmertz@swca.com. Thank you for your assistance. 

Sincerely, 

 
Kely Mertz 
Senior Project Manager 

\ 

2136 _ _ 7 
\..... 

ENVIRONMENTAL CONSULTANTS 

Sound Science. Creative Solutions.• 

200 West 22nd Street, Suite 220 
Lombard, Illinois 601 48 
Tel 630.705. 1 7 62 
www.swco.com 
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1

Kely Mertz

From: Heimerl, Casey <Casey.Heimerl@state.sd.us>
Sent: Tuesday, August 01, 2017 11:57 AM
To: Kely Mertz
Cc: Kempema, Silka
Subject: RE: Data request - Crowned Ridge projects
Attachments: SDNHD_8-1-17.zip; Invoice SDNHP-08-01-17-01.pdf; EOdatafields.pdf

Hi Kely, 
 
Attached is a zipped shapefile of the Element Occurrence within your request area along with an invoice for your data 
request.  
 
The SDNHD tracks species at risk. These species are those that are legally designated as either state or federally 
threatened or endangered (legally protected) or rare. Rare species are those that are declining and restricted to limited 
habitat, peripheral to a jurisdiction, isolated or disjunct due to geographic or climatic factors, or that are classified as such 
due to lack of survey data. A list of all monitored species can be found at http://gfp.sd.gov/wildlife/threatened-
endangered.   
 
I also included a description of the data fields included in the attribute table of the shapefile.  
 
Please note that many places in South Dakota have not been surveyed for rare or protected species and the absence of 
any additional species from the database does not preclude its presence. 
 
If you have any question please feel free to contact me, 
 
~Casey 
 
 
 
 

From: Kely Mertz [mailto:KMertz@swca.com]  
Sent: Monday, July 31, 2017 10:03 AM 
To: Heimerl, Casey 
Subject: RE: [EXT] Data request - Crowned Ridge projects 
 
Hi Casey, 
Yes, we are fine with the fees. 
Thank you, 
Kely 
 

From: Heimerl, Casey [mailto:Casey.Heimerl@state.sd.us]  
Sent: Monday, July 31, 2017 9:32 AM 
To: Kely Mertz <KMertz@swca.com> 
Subject: RE: Data request ‐ Crowned Ridge projects 
 
Hi Kely, 
 
Silka forwarded me your request. I can conduct a search of our Natural Heritage Database and provide you with 
any  records of rare, threatened or endangered species within the project areas. Silka will be providing you with a review 
of the projects.  
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Before I proceed with the data search, I want to make sure you are aware of the fees associated with data requests. Fees 
include $30/hour of staff time required and $30 per database search. If needed, I can provide you with a cost estimate 
for your request. 
 
Thanks, 
 
~Casey 
 
 

From: Kely Mertz [mailto:KMertz@swca.com]  
Sent: Wednesday, July 12, 2017 10:15 AM 
To: Kempema, Silka 
Subject: [EXT] Data request - Crowned Ridge projects 
 
Good morning Silka, 
 
Attached please find a data request, and accompanying figure and shapefiles for the Crowned Ridge I and II projects. 
 
Please let me know if you have any questions. 
Thank you! 
Kely 
 
Kely Mertz  
Senior Project Manager  
 
200 W. 22nd Street, Suite 220 
Lombard, IL 60148 
Office 630.705.1762 
Cell 614.580.6715 
Visit Our Website: http://www.swca.com  
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EO Data Fields 
 
 

FIELD DEFINITION 

EO_ID Element Occurrence ID - Unique identifier for the EO record in the Biotics 
database system; used as the primary key. 

EO_NUM Element Occurrence Number - A number identifying the particular 
occurrence in a subnation. 

SNAME Subnational (state) recognized scientific name. 
SCOMNAME Subnational (state) recognized common name. 
GNAME Global Scientific Name - The standard global (i.e., rangewide) scientific 

name (genus and species) adopted for use by the NatureServe Central 
Databases based on selected standard taxonomic references. 

GCOMNAME Global Common Name - Species: The common name of an element 
adopted for use by NatureServe. Associations: A colloquial name for the 
association. Note: Common names have not been tracked for all plants. 
Names for other groups may be incomplete. Many elements have 
several common names, often in different languages. Spellings of 
common names follow no standard conventions and are not 
systematically edited. 

NAME_CAT_1 Broad zoological, botanical or ecological category for the species to 
which the Scientific Name applies.   

G_RANK Global Rank - The NatureServe Conservation Status of a species from a 
global (i.e., rangewide) perspective, characterizing the relative rarity or 
imperilment of the species or community. The basic global ranks are:  GX 
- Presumed Extinct, GH - Possibly Extinct, G1 - Critically Imperiled, G2 – 
Imperiled, G3 – Vulnerable, G4 - Apparently Secure, and G5 – Secure. 
For more detailed definitions and additional information, please see: 
http://www.natureserve.org/explorer/granks.htm. 

S_RANK Subnational Conservation Rank - The conservation status of a species 
from the subnational jurisdiction perspective, characterizing the relative 
rarity or imperilment of the species. Together these values provide 
national distribution data. The basic subnational conservation ranks are: 
SX - Presumed Extirpated, SH - Possibly Extirpated (Historical), S1 – 
Critically Imperiled, S2 – Imperiled, S3 – Vulnerable, S4 - Apparently 
Secure, S5 – Secure, SNR – Rank not yet assessed, SU – Unrankable, 
SHB – State Hybrid, SNA – Rank Not Applicable. For more detailed 
definitions and additional information, please see: 
http://www.natureserve.org/explorer/nsranks.htm. 

CONFIDENCE Confidence Extent - Indicator whether the full extent of the Element is 
known (i.e., has been determined through field survey) at that location 
and, therefore, is represented by the Element Occurrence (EO). 

BASIC_EO_RANK EO Rank Codes - Value that indicates the relative value of the Element 
Occurrence (EO) with respect to other occurrences of the Element, 
based on an assessment of estimated viability (i.e., probability of 
persistence) for species. In other words, EO ranks provide an 
assessment of the likelihood that if current conditions prevail the 
occurrence will persist for a defined period of time, typically 20-100 
years. EO ranks may be used effectively in conjunction with NatureServe 
Conservation Status Ranks for the Element to guide which occurrences 
should be recorded and mapped, and to help prioritize EOs for purposes 
of conservation planning or action, both locally and rangewide. The basic 
EORANKs are: A – Excellent, B – Good, C – Marginal / Fair, D – Poor, E 
– Verified Extant, F – Failed to Find, X – Extirpated, H – Historic 
(possibly extirpated), U – Unrankable, NR – Not Ranked. 
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FIRST_OBS_DATE First Observation Date - Date that the Element Occurrence (EO) was first 
reported at the site. If the EO is known from only one field report, then  
the date entered in this field should be the same as in the Last 
Observation Date field.  

LAST_OBS_DATE Last Observation Date - The date that the Element Occurrence (EO) was 
last observed to be extant at the site. Note that the last observation date 
is not necessarily the date the site was last visited (i.e., the survey date) 
or the date on which the occurrence was assigned an EO rank (i.e., the 
EO rank date). However, for E-ranked (extant) EOs, the last observation 
date should be the same as the date on which the occurrence was 
ranked. 

EO_DATA EO Data - Data collected on the biology of this EO, including the number 
of individuals, vigor, habitat, soils, associated species, particular 
characteristics, etc. 

GEN_DESC General Description - A general (capsule) description or word picture of 
the area where the Element Occurrence (EO) is located (i.e., the physical 
setting/context surrounding the EO). 

DIRECTIONS Direction to Element Occurrence 

STATE_STAT State Protection Status, i.e. ST=State Threatened, SE=State Endangered 

FED_STAT Federal Protection Status, i.e. LT=Federally Threatened, LE=Federally 
Endangered, C=Candidate Species 
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From: Kely Mertz
To: "Heimerl, Casey"
Subject: Request for nest data
Date: Friday, April 20, 2018 9:44:00 AM
Attachments: PROJECT_AREA_BUFFER_20180419.zip

Hi Casey,
 
We would like to submit an updated request (current area of interest attached) for raptor nest data.
Could you please review and let me know if you have any questions?
 
Thank you,
Kely
 

From: Kely Mertz 
Sent: Tuesday, April 4, 2017 10:35 AM
To: Heimerl, Casey <Casey.Heimerl@state.sd.us>
Subject: Request for nest data (shapefiles 2 of 2)
 
Casey,
 
The attached shapefiles depict a corridor (2 of 2 project shapefiles) for which we would like to
request nest data. Please let me know if you have any questions.
 
Thank you,
Kely
 
 
Kely Mertz 

Senior Project Manager 

200 W. 22nd Street, Suite 220

Lombard, IL 60148

Office 630.705.1762

Cell 614.580.6715

Visit Our Website: http://www.swca.com
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From: Heimerl, Casey
To: Kely Mertz
Subject: RE: Request for nest data
Date: Tuesday, April 24, 2018 11:32:00 AM
Attachments: SDNHP-4-24-18.zip

Hi Kely,
 
Attached is an updated shapefile of raptor records. I will waive the fee since there are only a few
additional records from last year. The data use agreement that you signed last year is also good for
another year.
 
Please let me know if you have any questions,
 
~Casey
 

From: Kely Mertz [mailto:KMertz@swca.com] 
Sent: Tuesday, April 24, 2018 9:17 AM
To: Heimerl, Casey
Subject: FW: [EXT] Request for nest data
 
Hi Casey,
Sorry about that, not sure what happened. Can you see if this file works?
Thank you,
Kely
 

From: Mike Sobiech 
Sent: Tuesday, April 24, 2018 10:16 AM
To: Kely Mertz <KMertz@swca.com>
Subject: RE: Request for nest data
 
Interesting.  This contains the shapefile.
 
Mike Sobiech

GIS Lead/OSR - Bismarck

 

From: Kely Mertz 
Sent: Tuesday, April 24, 2018 9:14 AM
To: Mike Sobiech <MSobiech@swca.com>
Subject: FW: Request for nest data
 
Mike,
Casey says this folder is empty when she opens it?
 
 

From: Kely Mertz 
Sent: Friday, April 20, 2018 9:45 AM
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To: 'Heimerl, Casey' <Casey.Heimerl@state.sd.us>
Subject: Request for nest data
 
Hi Casey,
 
We would like to submit an updated request (current area of interest attached) for raptor nest data.
Could you please review and let me know if you have any questions?
 
Thank you,
Kely
 

From: Kely Mertz 
Sent: Tuesday, April 4, 2017 10:35 AM
To: Heimerl, Casey <Casey.Heimerl@state.sd.us>
Subject: Request for nest data (shapefiles 2 of 2)
 
Casey,
 
The attached shapefiles depict a corridor (2 of 2 project shapefiles) for which we would like to
request nest data. Please let me know if you have any questions.
 
Thank you,
Kely
 
 
Kely Mertz 

Senior Project Manager 

200 W. 22nd Street, Suite 220

Lombard, IL 60148

Office 630.705.1762

Cell 614.580.6715

Visit Our Website: http://www.swca.com
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1 INTRODUCTION 

Crowned Ridge Wind, LLC, an indirect, wholly owned subsidiary of NextEra Energy Resources, LLC 
(NextEra), plans to develop an approximately 300-megawatt (MW) wind facility known as the Crowned 
Ridge I Wind Energy Facility (the project) in Codington and Grant Counties, South Dakota (project 
boundary, Figure 1). The project will produce energy sold to Xcel Energy through a Power Purchase 
Agreement. A new approximately 34-mile transmission line will be constructed to connect the wind facility 
to Otter Tail Power’s Big Stone South 230-kilovolt (kV) substation near Big Stone City, South Dakota. 
Construction is anticipated to commence in early 2019, and the project is scheduled to achieve 
commercial operation at or before the end of 2019. At the time of this study, the study area included 
approximately 58,548 acres (study area, Figure 1). 
The U.S. Fish and Wildlife Service (USFWS) indicates the federally threatened Dakota skipper 
(Hesperia dacotae) and federally endangered Poweshiek skipperling (Oarisma poweshiek) butterflies 
have potential to occur in Codington and Grant Counties. Therefore, NextEra contracted SWCA 
Environmental Consultants (SWCA) to conduct adult presence/absence protocol surveys for these two 
species within the study area. The purpose of this report is to document the methods and results of the 
surveys. 

2 METHODS 

To identify potentially suitable habitat for Dakota skippers and Poweshiek skipperlings, SWCA first 
downloaded and assessed plant community data from South Dakota State University (Bauman et al. 
2016). These data were used to identify potentially undisturbed or native grasslands throughout the study 
area. Next, data developed in the first layer were overlaid with the National Land Cover Dataset to identify 
additional areas of potentially suitable habitat that the initial dataset did not identify. SWCA then 
completed an aerial photography interpretation at a ratio of roughly 1:20,000 m to determine areas of 
disturbance (agricultural fields, development, open water, etc.). Disturbed areas were omitted from the 
dataset. Results of the desktop assessment were reviewed and approved by one of SWCA’s federally 
permitted Dakota skipper biologists.  
SWCA then completed field surveys to verify results of the desktop habitat assessment. SWCA 
completed surveys between August 2017 and June 2018, in areas identified during the desktop 
assessment as potentially suitable and where landowner access was granted. Qualified biologists 
experienced with grassland plant identification completed these surveys based on habitat characteristics 
for Dakota skippers and Poweshiek skipperlings as outlined in the published literature (Rigney 2013; 
Royer and Marrone 1992a, 1992b; Selby 2013; Skadsen 2003; USFWS 2014, 2016, 2018).  
Biologists determined the presence of suitable Dakota skipper and Poweshiek skipperling habitat based 
on Type A and Type B habitat types described by the USFWS (2016). The Type A suitable habitat areas 
typically contain death camas (Zigadenus elegans), candle anemone (Anemone cylindrica), prairie lily 
(Lilium philadelphicum), black-eyed Susan (Rudbeckia hirta), and big bluestem (Andropogon gerardii). 
Typical Type B suitable habitat areas are characterized by big bluestem, little bluestem (Schizachyrium 
scoparium), and sideoats grama (Bouteloua curtipendula), with scattered purple prairie clover (Dalea 
purpurea), purple coneflower (Echinacea angustifolia), and prairie coneflower (Ratibida columnifera). 
Type B habitat may have other dominant native species, such as porcupine grass (Hesperostipa spartea) 
and prairie dropseed (Sporobolus heterolepis) present. 
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Figure 1. Project location and study area. 
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Biologists concluded that habitat was not suitable for Dakota skippers and Poweshiek skipperlings if the 
habitat being assessed was: in a wetland that did not have requisite Dakota skipper or Poweshiek 
skipperling plant species, or if the grassland was cultivated, lacked species richness, was qualitatively 
assessed as occurring in small or isolated patches, and/or was dominated by non-native upland species. 
These species include smooth brome (Bromus inermis), clover (Trifolium spp.), orchardgrass (Dactylis 
glomerata), or timothy (Phleum pratense). Relict native grassland areas may contain a high composition 
of porcupine grass (Hesperostipa comata) and some native forbs, but requisite Dakota skipper or 
Poweshiek skipperling plant species may not be present.  
SWCA then identified eligible adult presence/absence survey areas as areas of field-verified suitable 
habitat where the habitat limited workable space around proposed turbine locations. Of the eligible survey 
area, SWCA identified a subset of areas in which to complete adult presence/absence surveys 
(prioritizing the largest areas) (Table 1, Figures 2–3). 
Within the adult presence/absence survey areas, SWCA completed three rounds of Dakota skipper and 
Poweshiek skipperling adult presence/absence surveys between June 28 and July 12, 2018, with 48 
hours’ spacing between each survey round. The surveys fell within the adult flight period of both species. 
Dr. David Lightfoot, an SWCA ecologist listed on SWCA’s Scientific Recovery Permit for the Dakota 
skipper and Poweshiek skipperling (Permit Number TE64070B-1), led the surveys. Additional surveyors 
worked under direct supervision of Dr. Lightfoot. 
SWCA followed the 2018 Dakota Skipper Survey Protocol (USFWS 2018) and used a modified “Pollard-
style random walk” method to conduct the surveys (Royer et al. 1998). Prior to the survey, and per 
SWCA’s federal permit conditions, SWCA obtained USFWS concurrence with proposed survey methods 
(Attachment A). Surveyors walked with insect nets at approximately 35 m per minute within the survey 
areas (see Figure 2). Surveyors scanned the area within a 5-m box (5 m on each side, within 5 m of the 
ground, or 5 m to the front) as they walked. Global positioning system (GPS) coordinates would have 
been recorded if Dakota skippers, Poweshiek skipperlings, or other sensitive butterfly species had been 
observed. SWCA recorded all observed butterfly species and conducted a general count of flowering 
plants. 
SWCA conducted surveys between 10:00 a.m. and 5:30 p.m., Central Daylight Time. All surveys were 
conducted within the environmental constraints listed below, as outlined by the USFWS (2018).  

• No surveys during fog, drizzle, or rain. 
• No surveys at times of sustained or gusting winds that average greater than 30 km (19 miles) per 

hour measured over a 30-second period at a height of 1.2 to 1.8 m (4–6 feet) above ground level 
(Beaufort Scale of 5 or greater). 

• No surveys when temperature in the shade at ground level measures less than 21 degrees 
Celsius (°C) (70 degrees Fahrenheit [°F]) when cloud cover is less than 50% or less than 30°C 
(86°F) when cloud cover is 50% or more. 

3 RESULTS  

Results of the desktop assessment indicated that there were approximately 20,242 acres of potentially 
suitable habitat within the entire Crowned Ridge I study area (Figure 2). Field surveys indicated only 
approximately 1,038 acres of suitable habitat were present in areas surveyed (Figure 3). Of the field-
verified suitable habitat, 127.5 acres was selected for adult Dakota skipper and Poweshiek skipperling 
presence/absence surveys based on the criteria described in the Methods section of this report (see 
Figure 3).  
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Figure 2. Potentially suitable habitat as identified through desktop assessment within the study 
area. 
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Figure 3. Field-assessed suitable habitat and adult presence/absence survey locations within the 
Crowned Ridge I study area. 
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SWCA biologists typically assessed the habitat identified during the desktop review as marginal, with a 
relatively low potential for Dakota skipper and Poweshiek skipperling population (either adult or larval) 
maintenance. Eligible survey areas were characterized by few, scattered nectar species; occurred in 
small, isolated patches; and/or lacked requisite species diversity. Eligible survey areas primarily had 
prairie coneflower, occasionally a few stems of purple coneflower and thistle (Cirsium spp.), along with 
scattered pockets of big bluestem. The eligible survey area sites primarily were dominated by smooth 
brome and Kentucky bluegrass (Poa pratensis). However, regardless of their marginal nature, the areas 
did qualify as suitable habitat. Type A and Type B habitat areas throughout the eligible survey areas 
typically were dominated by big bluestem, little bluestem, sideoats grama, prairie coneflower, and a few 
purple coneflowers. 
No Dakota skippers or Poweshiek skipperlings were observed during adult protocol surveys. Sixteen 
butterfly species were observed during the adult surveys (Table 2). The most frequently observed species 
were regal fritillary (Speyeria idalia, n = 885), common wood nymph (Cercyonis pegala nephele, n = 267), 
and clouded sulfur (Colias philodice, n = 231). These species, and meadow fritillary (Boloria bellona), 
were observed on all 9 survey days. July 9, 2018, had the highest number of total butterfly observations 
(n = 693), and July 5, 2018, had the lowest number of observations (n = 31).  
During the adult presence/absence surveys, SWCA biologists observed nine species of flowering plants 
within the eligible survey areas (Table 3). The dominant flowering plants observed were western yarrow 
(Achillia millefolium), daisy fleabane (Erigeron annuus), and black-eyed Susan. No observations were 
made of flowering purple coneflower, which is the Dakota skipper’s main nectar plant.  

4 DISCUSSION 

No Dakota skippers or Poweshiek skipperlings were observed during the surveys. As described above, 
while the eligible survey areas were considered representative of the best quality habitat available within 
the study area, they were all marginal habitat. Several areas appeared recently to have been sprayed 
with herbicide. Because available habitat in the study area is very limited, the available habitat is 
considered marginal, and no Dakota skippers or Poweshiek skipperlings were documented during 
surveys, it is unlikely that impacts to either species will result from the project. 
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Table 1. Survey Locations and Dates when First, Second, and Third Adult Protocol Presence/Absence Survey Rounds were Completed 

Site  
(Turbine ID) 

Location 
(Section, Township, Range) 

Survey 
Acres 

6/28 6/29 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 Dominant Plant Species 

CR-ALT3 S8, T119N, R51W 16.83 – – – – 1st – – 2nd – 3rd Porcupine grass 
Little bluestem 
Smooth brome 
Kentucky bluegrass 
Black-eyed Susan 

CR-66 S8, T119N, R51W 21.61 1st – – – 2 – – 3rd – – Smooth brome 
Kentucky bluegrass 
Needle and thread grass 
Green needle grass 
Indian grass 
Little bluestem 
Black-eyed Susan 
Daisy fleabane 
Prairie coneflower 
Western yarrow 

CR-12 S28, T119N, R51W 18.02 – 1st – 2nd – – 3rd – – – Smooth brome 
Timothy 
Needle and thread grass 
Indian grass 
Black-eyed Susan 
Daisy fleabane 
Death camas 
Yellow coneflower 

CR-32 S10, T118N, R51W 24.32 1st – – 2nd – – 3rd – – – Smooth brome 
Kentucky bluegrass 
Big bluestem 
Indian grass 
Needle and thread grass 
Black-eyed Susan 
*Pasture appears sprayed by 
herbicide. Forbs wilted/dying off.  
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Site  
(Turbine ID) 

Location 
(Section, Township, Range) 

Survey 
Acres 

6/28 6/29 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 Dominant Plant Species 

CR-117 S5, T119N, R50W 26.81 1st – – 2nd – – 3rd – – – Smooth brome  
Indian grass 
Green needle grass 
Intermediate wheatgrass 
Porcupine grass 
Big bluestem 
Daisy fleabane 
Prairie coneflower 
Black-Eyed Susan 
*Appeared to have been 
recently sprayed with herbicide. 
Strong odor observed. 

CR-09 S29, T119N, R50W 19.92 – 1st 2nd – – 3rd – – – – Smooth brome  
Kentucky bluegrass 
Indian grass 
Little bluestem 
*Pasture appeared to have been 
recently sprayed with herbicide. 
No forbs observed. 

Total 127.51            
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Table 2. Butterfly Species Observed during Dakota Skipper and Poweshiek Skipperling Adult Presence/Absence Surveys, Crowned 
Ridge I Project 

Species Survey Date (2018) Total 

Common Name Scientific Name 6/28 6/29 7/5 7/6 7/7 7/8 7/9 7/10 7/12 

Monarch Danaus plexippus 29 1 2 10 1 1 8 1 0 53 

Regal fritillary Speyeria idalia 29 51 10 247 37 27 360 58 66 885 

Common wood nymph Cercyonis pegala nephele 32 3 3 61 10 1 144 5 8 267 

Meadow fritillary Boloria bellona 15 9 9 63 6 1 32 12 9 156 

American lady Vanessa virginiensis 1 0 0 0 0 0 0 0 0 1 

Black swallowtail Papilio polyxenes asterius 1 0 0 1 1 0 1 1 0 5 

Peck's skipper Polites peckius 0 0 0 5 2 0 1 4 1 13 

Long-dash skipper Polites mystic dacotah 24 20 3 5 0 0 2 0 0 54 

Tawny-edged skipper Polites themistocles 0 0 0 0 1 0 1 0 0 2 

Clouded sulphur Colias philodice 28 2 3 65 4 2 116 3 8 231 

Variegated fritillary Euptoieta claudia 0 3 0 12 0 0 23 0 2 40 

Checkered white Pontia protodice 7 0 0 2 1 0 2 1 0 13 

Red admiral Vanessa atalanta rubria 9 0 0 0 0 0 1 0 0 10 

Melissa blue Lycaeides melissa 9 0 1 1 0 0 2 0 0 13 

Common ringlet Coenonympha tullia 2 0 0 0 0 0 0 0 0 2 

Northern crescent Phyciodes selenis 0 0 0 0 0 0 0 1 1 2 

Total 186 89 31 472 63 32 693 86 95 1,747 
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Table 3. Flowering Plant Species and Total Approximate Stem 
Counts Observed during Field Surveys 

Plant Species Scientific Name Stem Count 

Prairie lily Lilium philadelphicum 2 
Thistle Cirsium spp. 5 
Death camas Zigadenus elegans 20 
Goldenrod Solidago spp. 28 
Purple prairie clover Dalea purpurea 66 
Yellow coneflower Ratibida pinnata 221 
Black-eyed Susan Rudbeckia hirta 290 
Daisy fleabane Erigeron annuus 750 
Western yarrow Achillia millefolium 1,150 
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June 14, 2018 
 
Charlene Bessken 
U.S. Fish and Wildlife Service 
Ecological Services Office 
420 South Garfield Avenue, Suite 400 
Pierre, South Dakota 57501 

Re: Notification for Dakota Skipper and Poweshiek skipperling Surveys at a Potential Wind Farm Project 

in Codington, Grant, and Deuel Counties, South Dakota 

Dear Ms. Bessken: 

SWCA Environmental Consultants (SWCA) is submitting this notification and approval request to the U.S. Fish 
and Wildlife Service (USFWS) South Dakota Ecological Services Office for Dakota skipper (Hesperia dacotae) 
and Poweshiek skipperling (Oarisma poweshiek) butterfly surveys at a potential wind farm project in Codington, 
Grant, and Deuel Counties, South Dakota, during the 2018 adult flight period, per the requirements of SWCA’s 
Scientific Recovery Permit for these two species (TE64070B-1; enclosed).  

The wind farm project has a potential construction start date of 2019. SWCA currently is working with our client, 
NextEra Energy Resources (NextEra) to identify the need and final location for surveys. SWCA’s master service 
agreement with NextEra is enclosed with this letter. SWCA has met all prior reporting requirements for surveys 
of these species during past years; copies of the annual reports can be provided upon request. Please review 
and provide a concurrence letter to SWCA for these surveys. 

The surveys will be conducted between approximately June 25 and July 15 by SWCA’s Mr. Jake Powell who is 
listed on SWCA’s permit. The survey protocols will follow the 2018 Dakota skipper survey protocols 
(https://www.fws.gov/midwest/endangered/insects/dask/index.html). The surveys will be conducted on field 
verified suitable habitat. The protocols will include three surveys, separated by 48 hours, conducted under the 
environmental conditions outlined in the protocol. Table 1 provides the legal location and acreage of the 
potentially suitable habitat. All areas are within Codington, Grant, and Deuel Counties, South Dakota. Final 
survey locations depend, in part, on results of habitat surveys that are currently ongoing, and on land access. 
Please note that not all areas listed in Table 1 will be surveyed. The total area where adult protocol surveys will 
be conducted is likely to be approximately 100 acres. 
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Page 2 

 

Table 1. Legal location and acreage details 

 
Section Township Range  Acres (ac) 

28, 29 119N 50W 37.0 
27, 28 119N 50W 25.0 
32, 5 119N, 118N 50W 48.4 
33 118N 51 45.8 
6, 1 117N 50W, 51W 49.7 
25 118N 51 7.4 
9, 10 118N 51 70.7 
11, 14 117N 51W 54.9 
5, 8, 9 119N 51W 74.6 
9 119N 51W 47.5 
7, 8 119N 51W 79.0 
18 119N 51W 77.7 
29 119N 50W 42.0 
28 119N 51W 54.6 
33 119N 50W 26.8 
10 118N 51 62.4 
9, 10 118N 51 50.9 
22 118N 51 48.8 
14, 23 118N 51 59.7 
7, 8 119N 51 77.7 
1 117N 51 42.5 
18 117N 50 20.7 
18 117N 50 29.4 
      1,133.3 

SWCA appreciates your time and consideration on this request. Please let me know if there are any questions. I 
can be contacted at jpowell@swca.com or 307-429-8922. 

Sincerely, 

 

Jake Powell 

Senior Ecologist, SWCA Environmental Consultants 
 
 
Enclosures: NextEra Master Service Agreement, SWCA USFWS Scientific Recovery Permit  
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Issuing Office: 

Department of the Interior 
U.S. FISH & WILDLIFE SERVICE 
Endangered Species Permit Office 
5600 American Boulevard, West, Suite 990 
Bloomington, MN 55437-1458 
perm itsR3ES@fws.gov 

Permittee: 

SWCA, INC 
dba SWCA ENVIRONMENTAL CONSULTANTS 
116 NORTH 4TH STREET, SUITE 200 
BISMARCK, ND 58501 
U.S.A. 

Name and Title of Principal Officer: 
SARAH BAER - DIRECTOR 

Page 1 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

Chief - Endangered Species 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

Authority: Statutes and Regulations: 16 USC 1539(a); 50 CFR 17.22, 50 CFR 13. 

Location where authorized activity may be conducted: 
Throughout the range of the species in the States of Iowa, Michigan, Minnesota, North Dakota, South Dakota and Wisconsin. 

Reporting requirements: 
ANNUAL REPORT DUE: 01 /31 
See permit conditions for reporting requirements 

Authorizations and Conditions: 

Scientific Recovery Permit number TE64070B-1 replaces Sub-permit no. 17-20 issued on 06/29/2017. Sub
permit 17-20 is invalid as of 3/12/2018. 

A. General Conditions set out in Subpart B of 50 CFR 13, and specific conditions contained in Federal regulations 
cited above, are hereby made a part of this permit. All activities authorized herein must be carried out in accord with 
and for the purposes described in the application submitted. Continued validity, or renewal of this permit is subject 
to complete and timely compliance with all applicable conditions, including the filing of all required information and 
reports. 

B. The validity of this permit is also conditioned upon strict observance of all applicable foreign, state, local, tribal, 
or other federal law. Necessary state and/or local permits where applicable, must also be acquired and observed; this 
permit is invalid without such permits. 

C. Valid for use by Kenneth J. Kingsley, David Lightfoot, and Jake Powell. Field assistants not named on this 
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Page 2 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

pennit may conduct activities pursuant to this permit only under the direct supervision of a named permittee listed 
below. "On-sight" supervision is defined as having the authorized individual at a distance that would allow this 
individual to immediately assist a supervised individual, as needed, while they are conducting an authorized activity. 

D. ACCEPTANCE OF THIS PERMIT SERVES AS EVIDENCE THAT THE PERMITTEE AND ITS 
AUTHORIZED AGENTS UNDERSTAND AND AGREE TO ABIDE BY THE TERMS OF THIS PERMIT AND 
ALL SECTIONS OF TITLE 50 CODE OF FEDERAL REGULATIONS, PARTS 13 AND 17, PERTINENT TO 
ISSUED PERMITS. SECTION 11 OF THE ENDANGERED SPECIES ACT OF 1973, AS AMENDED, 
PROVIDES FOR CIVIL AND CRIMINAL PENALTIES FOR FAILURE TO COMPLY WITH PERMIT 

CONDITIONS. 

E. Pennittee is authorized to take ( capture, handle, and release) the following species for scientific research 
(presence/absence surveys, studies to document habitat use, and population monitoring) aimed at recovery of the 
species: 

Dakota skipper (Hesperia dacotae) 
Poweshiek skipperling ( Oarisma poweshiek) 
Rusty patched bumble bee (Bombus affinis) 

F. Activities are authorized at the following locations: 

F.l. Locations within Region 3 of the USFWS: Illinois, Indiana, Iowa, Michigan, Minnesota, Ohio, and 
Wisconsin, upon receipt of written concurrence from the Field Supervisor, as outlined in Condition G. 

F.2. Locations within Region 5 of the USFWS: Maine, Massachusetts, Virginia, and West Virginia, upon receipt 
of written concurrence from the Field Supervisor, as outlined in Condition G. 

F.3. Locations within Region 6 of the USFWS: North Dakota and South Dakota upon receipt of written 
concurrence from the Field Supervisor, as outlined in Condition G. 

G. Permittee shall notify and request approval from the USFWS Field Supervisor for the state in which activities are 
proposed to occur at least fifteen (15) days prior to conducting any activities. Contact information is available at: _ 
<https://www.fws.gov/midwest/endangered/permits/index.html> (located under 1. Recovery and Interstate 
Commerce Permits, For Fish and Wildlife Permit Holders). Your request for this site-specific approval must be in 
writing and must indicate: 

G.1 . Species for which proposed activities are being conducted. 

G.2. Location of proposed activities, including project site, county, and state. 

G.3. A full description of activities (i.e. , proposed project, purpose and need, surveys, methods, etc.) 
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G.4. Dates when the project is proposed to take place. 

Page 3 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

Permit Number: TE640708-1 
Effective: 03/12/2018 Expires: 12/31/2023 

G.5. Evidence that Pennittee has received any required contracts to complete the activities. 

G.6. Whether all prior annual reporting requirements have been fulfilled. 

G.7. You may proceed with activities only upon receipt of written concurrence from the applicable USFWS Field 
Supervisor. Your concurrence letter must be carried with this permit to authorize site-specific activities. 

H. Permittees must adhere to the following conditions for all species: 

H.1. Accidental mortality, may not exceed one (1) specimen per species. In the event that this number is met, all 
species activities for this permit must cease ( e.g. One rusty patched bumble is accidentally killed, all 
activities associated with Rusty patched bumble bee must cease, but activities associated with Dakota 
skippers and Poweshiek skipperlings may continue.). You must contact the Minnesota/Wisconsin 
Ecological Services Field Office (Condition L.2.) within two (2) business days and explain the incident and 
its circumstances. Your initial contact may be made by telephone; however, a written explanation must be 
provided within five (5) days of the incident to the following USFWS offices: Regional Recovery Permits 
Coordinator, Bloomington, Minnesota (Condition L. l. ), the Minnesota/Wisconsin Ecological Services Field 
Office (Condition L.2.), and the Field Office for the state in which the activity occurred (Condition M.). 
Following mortality or injury of a species you may not resume activities, for that species, authorized by this 
permit without written permission of the U.S. Fish and Wildlife Service, Minnesota/Wisconsin Ecological 
Services Field Office (Condition L.2.). 

H.2. Any individuals found dead or killed accidentally ( during authorized activities) may be salvaged. Prior to 
collecting specimen(s), you must photograph to document the condition. For Dakota skipper and 
Poweshiek skipperling specimens, also see additional procedures in Condition 1.10. You must preserve the 
specimen(s) using standard museum practices including proper identification and indices [include date, 
complete scientific and common names, and geographic location (township, range, section, and UTM) 
where salvaged). All specimens obtained under this permit remain the property of the United States 
Government and must clearly be identified as such. All specimens shall be sent to a public scientific or 
educational facility or museum in the state where the individuals were collected along with a copy of the 
permit(s) under which they were collected. When agreed upon in writing by the Minnesota/Wisconsin 
Ecological Services Field Office (Condition L.2.), specimens may be sent out of state to an alternate 
specialized educational facility or museum within the United States. A list of specimens collected (if any), 
pertinent location data, and the facility where specimen is curated shall be provided in your annual and final 
reports (Conditions K.1.e and K.2.g.) 

H.3. Upon any new discovery location, permittee shall notify the U.S. Fish and Wildlife Service Field 
Supervisors (Condition M.) and the Minnesota/Wisconsin Ecological Services Field Office (Condition L.2.) 
in writing of where the new discovery location occurred (previously undocumented sites only) within 
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ENDANGERED WILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

fourteen (14) days of discovery unless otherwise specified by the Field Supervisor(s). 

I. In addition to Condition H. permittees must adhere to the following conditions for Dakota skipper and Poweshiek 
skipperling: 

I.1. To the extent practicable, identification of Dakota skippers and Poweshiek skipperlings shall be done in a 
manner that avoids capture. 

I.2. Any specimens that must be captured for identification shall be handled in a manner that minimizes the 
likelihood of injury. 

I.3. If it is necessary to capture specimens to facilitate identification, you may capture them in a soft butterfly net. 
All reasonable efforts must be made to allow the butterfly to walk freely inside the net and to avoid direct 
contact with the butterfly. This may be done, for example, by holding the net upside down and holding the 
bottom of the net upwards to allow the butterfly to walk up into the net - a pouch may be created in the 
upside-down net to facilitate close inspection by pinching the net below the butterfly while ensuring its free 
movement inside the net. 

I.4. Captured butterflies may also be placed inside plastic jars by carefully coaxing them from the net into the jar. 
The jar must contain some type of tissue (preferred), paper towel, or soft cloth that the butterfly may stand 
or walk on while in the jar to facilitate visual inspection. 

I.5. Any captured Dakota skippers or Poweshiek skipperlings shall be released as near to the capture site as 
possible and as soon as is practicable. Temporary holding of specimens for the purpose of species 
identification shall not exceed 5 minutes. 

I.6. No mutilation ( e.g., leg removal) or marking schemes are authorized. 

I. 7. Handling affects the behavior of some butterflies after their release. Permittee shall observe post-release 
behavior of any Dakota skippers or Poweshiek skipperlings that are captured and released. The behavior of 
each captured and released butterfly will be noted and reported annually as described in Condition K.1.c. 

I.8. Collection of voucher specimens of Dakota skipper: This may occur only when the species is encountered in 
a county where it has not been previously recorded. A list of counties where the Dakota skipper has been 
documented can be found online at 
<https://www.fws.gov/midwest/endangered/ insects/dask/pdf/Cnty0ccurrencesDASKNov2017 .pdf> . In 
new counties, only one voucher specimen is permitted and collection of a female is discomaged if a male 
could be vouchered instead. In addition, dead or dying specimens (from natural causes) may be collected 
for voucher specimens regardless of geographic area, adhering to Conditon H.2. Upon approval and review 
by the Minnesota/Wisconsin Ecological Services Field Office (Condition L.2.), any individuals accidentally 
killed or lethally injured may also be collected as voucher specimens. The number, location, cause of death 
(if known), sex, and any other information relevant to voucher specimen must be reported in the annual 
report as described in Condition K.1.d. 

I.9. The collection of voucher specimens of Powesheik skipperlings is strictly prohibited except for circumstances 
identified in Condition H.2. 
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Page 5 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED W ILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

I. l 0. If collection of a voucher specimen of Dakota skipper (Conditions H.2. and I.9 .) and/or Powesheik 
skipperling (Condition H.2.) occurs, please adhere to the following protocol: For each vouchered specimen, 
clip two legs and place in a 30mL or smaller vial filled with 95-100% ethanol (EtOH; not isopropyl 
alcohol). The remainder of the specimen shall be preserved according to the conditions noted in H.2., 
making note on the identification tag that two legs were removed and sent to the Minnesota/Wisconsin Field 
Office. The vial with legs should also have all proper identification and indices [include date collected, 
complete scientific and common names, and geographic location (township, range, section, and UTM) 
where salvaged, and a note identifying the specimen as property of the United States Government]. Double 
bag the vial and ship in a strong outer container with enough absorbent material to soak up any ethanol that 
might accidentally leak. Include a copy of permit(s) under which the sample(s) was collected when 
shipping vials. Label the outer shipping box "Samples. This package conforms to 49 CFR 173.4" Ship this 
package to the Minnesota/Wisconsin Field Office as soon as possible. 

J. In addition to Condition H. permittees must adhere to the following conditions for rusty patched bumble bee: 

J. l. Rusty patched bumble bees may be captured with aerial hand nets following the methodology, guidelines, 
and best practices included in the "Survey Protocols for the Rusty Patched Bumble Bee (Bombus a/finis)" 
(Survey Protocols). Survey Protocols are available online at: 
<https://www.fws.gov/midwest/endangere<l/insects/rpbb/guidance/>. Note that you must use the most up
to-date version of the Survey Protocol, available on the USFWS website page on February 28th of each 
year. 

J.2. For areas believed to be unoccupied by rusty patched bumble bee (See map online at: 
<https://www.fws.gov/rnidwest/endangered/insects/rpbb/guidance/>), you are authorized to take (capture, 
release, and accidental mortality) only in the event that the species is captured accidental to lawful survey 
activities directed at other species (if using lethal survey methods such as bee bowl, pan, or cup traps, 
malaise traps, or blue vane traps). This permit does not authorize any activities for the specific purpose of 
lethal capture of rusty patched bumble bee. If rusty patched bumble bees are identified at a survey site, all 
lethal survey methods shall cease within a two (2) mile area and permittee shall contact the U.S. Fish and 
Wildlife Service in accordance with Condition H.1. Should accidental mortality occur you must document 
the capture and collect information outlined in Condition K.2.f. on the captured individual. 

J.3. For a permittee using approved, lethal protocols in areas where the lethal protocols are allowed (Condition 
J.2.), all rusty patched bumble bees need to be identified from samples annually, in time to be included in 
the annual report due January 31. In some cases, accidental mortality may not be discovered until 
specimens are identified by a bee taxonomist. In these cases the permit holder and/or taxonomists must take 
an initial look through samples to identify rusty patch bumble bees in order to include this information in 
the annual report. In the event that one or more rusty patched bumblebees are identified in a sample, all 
lethal survey activities must cease within two (2) miles of the capture location. The Minnesota/Wisconsin 
Ecological Services Field Office (Condition L.2.) must be contacted within two (2) business days of 
discovery of the specimen and the circumstances of collection. Initial contact may be made by telephone, 
however, a written explanation must be provided within five (5) days of the identification to the following 
USFWS offices: Regional Recovery Permits Coordinator, Bloomington, Minnesota (Condition L.1 .), the 
Minnesota/Wisconsin Ecological Services Field Office (Condition L.2.), the Field Office for the state in 
which the activity occurred (Condition M.). 
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NATIVE ENDANGERED SPECIES RECOVERY 
ENDANGERED WILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

J.4. The collection of a voucher specimen of Rusty patched bumble bee is strictly prohibited except for 
circumstances identified in Condition H.2. 

K. An annual report of all activities conducted under the authority of this permit is due by January 31 following each 
year this permit is in effect. In addition, copies of all publications and reports resulting from work conducted under 
this permit must be submitted as they become available. Failure to furnish any reports required by this permit is 
cause for permit revocation and/or denial of future pennit applications. 

K. l. Reporting requirements for Dakota Skipper and Poweshiek skipperling: 

K. 1.a A complete discussion of field procedures, data collection methods, results, and conclusions. 

K.1.b. The date and location (state, county, locality, geographic coordinates, site characteristics) where 
each species was encountered. 

K. l.c. A complete discussion of post-capture behavior, including, at a minimum, whether the specimen: 

K. l .c.1. Flew to and perched on herbaceous vegetation, low shrubs, or to out-of-sight location in 
herbaceous vegetation ( e.g., into plant litter or duff layer or into bases of grasses). 

K.1.c.2. Flew into tall shrubs or trees and out-of-sight. 

K. 1.c.3. Flew away - did not see butterfly perch or fly into vegetation; or, 

K. l .c.4. Post-release behavior unknown. 

K.1.d. A complete description of injuries and/or mortalities to listed species while in your possession, 
the dates of occurrence, location, cause of death (if known), any circumstances surrounding the 
incidents, sex, numeric estimates of the mortalities broken down by lifestage ( e .g., eggs, larvae, 
pupae, adults), and a description of any steps taken to reduce the likelihood that such injuries 
and/or mortalities will occur in the future. 

K.1.e. Any other data you may have collected for individual butterflies, such as evidence of damage or 
injury, mortalities, locations where salvaged specimens are being kept. 

K.1.f. Copies of any separate reports and/or publications resulting from work conducted under the 
authority of this permit. 

K.1.g. Copies of all site specific authorization letters required under Condition G. 

K.2. Reporting requirements for rusty patched bumble bee: 

K.2.a. A description oflocations (date, time, geographic locations (state, county, and geographic 
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Page 7 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

coordinates using latitude and longitude in decimal degrees)) of areas surveyed, even if no rusty 
patched bumble bees were encountered. 

K.2.b. The date, time, geographic locations (state, county, and geographic coordinates using latitude and 
longitude in decimal degrees) of any rusty patched bumble bees encountered. While not required, 
we appreciate receiving information for other Bombus species captured, as this information could 
help indicate suitable habitat for rusty patched bumble bee. 

K.2.c. A description of the habitat conditions where the surveys took place (e.g., floral diversity and 
abundance, management practices and potential stressors). 

K.2.d. A description of field procedures, data collection methods, and survey effort. 

K.2.e. Photographs of the identifying characteristics for each individual federally-listed species. 
Photographs of other Bombus species observed are encouraged. 

K.2.f. A complete description of injuries or mortalities to listed species while in your possession, the 
dates of occurrence, location of occurrence, any circumstances surrounding the incidents, and a 
description of any steps taken to reduce the likelihood that such injuries and/or mortalities will 
occur in the future. 

K.2.g. Any other data you may have collected for individual rusty patched bumble bees, such as 
evidence of damage or injury, mortalities, locations where salvaged specimens are being kept. 

K.2.h. Copies of any separate reports and/or publications resulting from work conducted under the 
authority of this permit. 

K.2.i. Copies of all site specific authorization letters required under Condition G. 

If no activities occurred over the course of the year, indication of such shall be submitted as an annual report. 

L. Copies of your reports shall be sent to the offices listed below. When possible, electronic copies shall be 
submitted in lieu of hard copies in MS Word, Portable Document Format, Rich Text Fonnat, or other file format that 
is compatible with the receiving office. 

L.1. Regional Recovery Permits Coordinator 

U.S. Fish and Wildlife Service - Midwest Region (Region 3) 
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Ecological Services - Endangered Species 

5600 American Blvd. W., Suite 990 

Bloomington, Minnesota 55437-1458 

(612/713-5343; fax 612/713-5292) 

permitsR3 ES@fws.gov 

L.2. Minnesota/Wisconsin Ecological Services Field Office 

U.S. Fish and Wildlife Service - Midwest Region (Region 3) 

Ecological Services - Endangered Species 

4101 American Blvd. E. 

Bloomington, MN 55425 

(952/252-0052; fax 952/646-2873) 

L.3. Regional Recovery Permits Coordinator 

U.S. Fish and Wildlife Service - Northeast Region (Region 5) 

Ecological Services - Endangered Species 

300 Westgate Center Drive 

Hadley, Massachusetts 01035-9589 

(703/358-2402; fax 413/253-8482) 

permitsR5ES@fws.gov 

L.4. Regional Recovery Permits Coordinator 

Page 8 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31/2023 

U.S. Fish and Wildlife Service - Mountain Prairie Region (Region 6) 

Ecological Services - Endangered Species 

P.O. Box 25486, DFC, MS 60120 

Denver, Colorado 80225 

(719/628-2670) 
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Page 9 of 9 
NATIVE ENDANGERED SPECIES RECOVERY 

ENDANGERED WILDLIFE 

permitsR6ES@fws.gov 

Permit Number: TE64070B-1 
Effective: 03/12/2018 Expires: 12/31 /2023 

M. Additionally, based on geographic area where surveys were conducted, reports and publications shall be 
submitted to the offices listed under Field Office Contact Information at: 
<https://www.fws.gov/midwest/endangered/permits/index.html>. 

All correspondence related to this permit should reference the permit number shown above. Any questions you may 
have regarding this permit should be directed to Carlita Payne, the Region 3 Endangered Species Permits Coordinator 
at (612) 713-5339. 

cc: FWS/Region 5 and 6 (Attn: Regional Recovery Permits Coordinator) 
FWS/ES/ Endangered Species Coordinators IA-IL, IN, MI, MN-WI, OH 
DNR, Endangered Species Coordinators IA, IL, MI, MN, OH, IN, WI 
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Enterprise Agreement
See General Information Section

Page No: 1 / 9
Purchase Contract: 

4600016659

SWCA INC
3033 N CENTRAL AVENUE, STE 145
PHOENIX AZ 85012

Vendor Number:  3000046714
Phone Number:   602-274-3831
Fax Number:       6022743958

Vendor Information

Contract Date:      03/12/2017

Validity Start date: 03/20/2017
Validity End Date:  02/28/2022

Incoterm:
Payment Terms:    Net 48 Days

Contract Number 4600016659

General Information

Questions of a commercial or contractual nature may be directed to DEPTULA JEFFREY JOHN Jeff.Deptula@nee.com, at (561)
681-3096

Ship To, Invoice To and Sales Tax information will be specified on each individual PO release against this Contract.

This ENTERPRISE AGREEMENT ("EA") is entered into by and between NextEra Energy Resources, LLC  ("NextEra"), and the legal
entity named in the "Vendor Information" section above on this EA ("Supplier"). In this EA, NextEra and Supplier are sometimes referred to
collectively as the "Parties" and individually as a "Party."
For good and valuable consideration of one U.S. Dollar ($1.00), the receipt and sufficiency of which is hereby acknowledged by the
Parties, the Parties do hereby agree as follows:
NextEra or any of its affiliated companies (each, a "NextEra Party") may, from time to time during the validity of this EA as described
above (the "Term"), contract with Supplier for Supplier to provide specific material(s), equipment or service(s) as described in a purchase
order release referencing this EA (each, a "Purchase Order Release").

Each Purchase Order Release will incorporate and be subject to the terms and conditions referenced below.
The Parties expressly acknowledge and agree that, upon execution, acknowledgment or acceptance by Supplier of a Purchase Order
Release, (i) each such Purchase Order Release creates a separate contractual relationship solely between the NextEra Party executing
such Purchase Order Release (such NextEra Party is hereinafter referred to as the "Purchaser") and Supplier in relation to the materials,
equipment and/or services described in such Purchase Order Release (the "Work"), except for any rights afforded to any NextEra Party
under the Purchase Order Release, and (ii) Supplier will look solely to Purchaser for payment for the Work and the fulfillment of all other
obligations of the Purchaser under the Purchase Order Release.

THIS EA SHALL NOT BE CONSTRUED AS ANY (AND NEXTERA MAKES NO) REPRESENTATION, WARRANTY, COVENANT OR
GUARANTEE OF ANY MINIMUM QUANTITY OF MATERIAL, EQUIPMENT OR SERVICES TO BE PROCURED OR SECURED FROM
SUPPLIER BY NEXTERA OR ANY OTHER NEXTERA PARTY UNDER THIS EA OR ANY PURCHASE ORDER RELEASE OR
OTHERWISE.

THIS EA SHALL BE GOVERNED BY AND CONSTRUED IN ACCORDANCE WITH THE LAWS OF THE STATE OF FLORIDA
(REGARDLESS OF CHOICE OF LAW RULES APPLICABLE UNDER THE LAWS OF FLORIDA OR ANY OTHER JURISDICTION).

IN ANY LITIGATION ARISING FROM OR RELATED TO THIS EA, EACH PARTY HEREBY KNOWINGLY, VOLUNTARILY AND
INTENTIONALLY WAIVES THE RIGHT IT MAY HAVE TO A TRIAL BY JURY WITH RESPECT TO ANY LITIGATION BASED HEREON,
OR ARISING OUT OF, UNDER OR IN CONNECTION WITH THIS EA, OR ANY COURSE OF CONDUCT, COURSE OF DEALING,
Authorized Signature : /S/ Jeffrey John Deptula Date: 03/12/2017

Either party hereto may choose to transmit its order, release, or acknowledgment documents electronically by EDI, email, or facsimile
(fax). The parties agree that any such document transmitted via EDI, email, or fax will be considered original and signed by a party when
received electronically by the other party.  Neither party will contest the validity or enforceability of such documents based upon their
electronic delivery or signature.

Ben Brodbeck
Digitally signed by Ben Brodbeck 
DN: cn=Ben Brodbeck, o=Florida Power Light, 
ou=ISC, email=benjamin.brodbeck@fpl.com, c=US 
Date: 2017.03.15 15:27:52 -04'00' I 
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Enterprise Agreement
See General Information Section

Page No: 2 / 9
Purchase Contract: 

4600016659

Contract Number: 4600016659
Vendor Name: SWCA INC

General Information

STATEMENTS (WHETHER ORAL OR WRITTEN) OR ACTIONS OF EITHER PARTY TO THIS EA. THIS PROVISION IS A MATERIAL
INDUCEMENT FOR NEXTERA AND SUPPLIER TO ENTER INTO THIS EA. EACH PARTY AGREES THAT FINAL JUDGMENT IN ANY
SUCH ACTION OR PROCEEDING SHALL BE CONCLUSIVE AND MAY BE ENFORCED IN ANY OTHER JURISDICTION BY SUIT ON
THE JUDGMENT OR IN ANY OTHER MANNER PROVIDED BY APPLICABLE LAW.

In no event will either Party, or their respective parents, affiliates, successors or assigns, or its or their applicable shareholders, partners,
assigns, directors, officers, agents or employees or representatives, be liable to the other Party under or in relation to this EA for
consequential, special, exemplary, indirect, punitive or incidental losses or damages, including loss of use, cost of capital, loss of goodwill,
lost revenues or loss of profit

***********************
USE / PURPOSE:
This EA shall be used for the specific Work as detailed in the "Description of Work" section below.

This EA shall commence on 3/20/17 and shall terminate on 2/28/2022 (the "Term").

SCOPE /DESCRIPTION OF WORK:
This EA is the Supplier's authority to furnish the necessary supervision, labor, equipment, materials, services and Consumables to
perform the environmental services as listed below on behalf of the Purchaser:

In supporting the environmental services department development projects, the Supplier shall be capable of identifying and assisting with
all necessary environmental permitting activities on a federal, state and local level in all areas of the United States that develops projects.
This involves detailed local knowledge of the relevant permitting processes as well as applicable laws, ordinances, regulations, best
management practices, and standards that must be addressed depending on the technology to be deployed and location.  Supplier should
have competent working knowledge and practical experience with applicable regulations and key entitlement agencies.

Excellent project management and communication skills with staff are critical. Project schedule software, as well as mapping software is
essential (e.g., GIS, Google earth and other geographic tools).   Environmental desktop studies, research into environmental issues
specific to projects and substantial report writing will be required.  Some project work may require intensive field work in often remote
locations.

The range of services for supporting development projects includes, but is not limited to, the following:

Project Management
* Cost estimating
* Record keeping and management (e.g., administrative record, agency correspondence)
* Document management
* Expert Witness Support (noise, visual, shadow flicker, EMF)
* Public Outreach support (open houses, public meetings, stakeholder consultations)

Early Stage Development Support
* Development site selection and constraints analysis
* Preliminary routing (linear facilities)
* Environmental Critical Issues Analysis and/or Fatal Flaws Analysis  (see template for content)
* Phase I/II Environmental Site Assessment (including updates for project financing as needed)

Permitting Support
* Federal Processes (e.g., NEPA EIS/EA)
* State Processes (e.g., PSC, PUC, CEQA)
* Provincial Processes (e.g., Canada REA)
* Local permitting support (CUP, SUP, etc.)
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Enterprise Agreement
See General Information Section

Page No: 3 / 9
Purchase Contract: 

4600016659

Contract Number: 4600016659
Vendor Name: SWCA INC

General Information

Air
* Air quality studies and/or monitoring
* Air emissions modeling
* New Source Permitting
* Greenhouse gas emissions modeling/inventory

Biological Resources
* Avian studies and/or monitoring (pre- and post- construction)
* Bat studies and/or monitoring (pre- and post- construction)
* Other Wildlife studies and/or monitoring (pre- and post- construction)
* Listed Species strategy/permitting
* Plant studies and/or monitoring (pre- and post- construction)
* Mitigation strategy/planning
* Species Relocation
* Consultation with US Fish and Wildlife Service and state-specific wildlife agencies

Cultural and Architectural History Resources
* Cultural resource studies/archaeology desktop studies and field surveys
* Architectural History studies
* Tribal consultation and ethnographic studies
* Consultation with State Historic Preservation Office
* Historic Preservation and Mitigation
* Unanticipated Discoveries Plan for construction compliance

Environmental Compliance
* Environmental mitigation support
* Drafting of environmental compliance plans
* Construction worker training programs targeting environmental issues
* Onsite Construction compliance support
* Decommissioning compliance support

Geological Resources
* Soil/sediment surveys and testing

Acquisition Due Diligence
* Assistance in document review and data gap analysis
* Risk assessments

Wetlands and water resources (ground water and surface water)
* Water quantity and quality studies and/or monitoring
* Formal Wetlands delineation
* Jurisdictional wetlands permitting
* Consultation with US Army Corps of Engineers for jurisdictional waters and/or state environmental agencies
* Storm water pollution prevention plan (SWPPP)
* Spill Prevention, Control, and Countermeasure (SPCC) Plan
* FEMA Floodplain permitting
* Water quantity and quality studies

Noise, Shadow Flicker, and Visual
* Acoustic receptor modeling, mapping, pre-and post- construction monitoring and technical studies
* Shadow flicker modeling studies
* Visual simulations
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Enterprise Agreement
See General Information Section

Page No: 4 / 9
Purchase Contract: 

4600016659

Contract Number: 4600016659
Vendor Name: SWCA INC

General Information

* Preparation of glint-glare studies

All Work shall be in accordance with the requirements identified in the following documents  incorporated into and made a part of this EA:

TERMS AND CONDITIONS:
All Work performed under this Purchase Document (Release) shall be performed in accordance with the terms and conditions of the
following exhibits:
STANDARD PURCHASER TERMS AND CONDITIONS FOR CONSULTING SERVICES (NON FLORIDA), REV. 12/15/16
NextEra Supplier Code of Conduct date 8/21/14
NextEra Contractor Safety Requirements Rev. 11/13/11
NextEra Safe & Secure Workplace Requirements Rev 4/7/15

COMPANY REPRESENTATIVE:
All Work shall be subject to the approval and acceptance of the Purchaser's Company Representative, as identified in each Purchase
Document (Release).

The Supplier's Company Representative is:
Mr. Steve Stielstra
Office number: 650-440-4160, x6402
Mobile number: 650-868-6861
Email: sstielstra@swca.com

SCHEDULE / DELIVERY:
All Work performed under this Contract shall be performed in accordance with the schedule requirements identified in each Purchase
Document (Release)..

SCHEDULE OF COSTS / PRICING / COMPENSATION:
Labor Services shall be confirmed based on the rates listed below.
* No overtime or double time is authorized for the Work.

Equipment rental shall be per the attached Supplier's Rate Sheet "SWCA Equipment Rates_Standard_PDS"

******************************************
* Automobile mileage shall be reimbursed at current GSA rate.

* Reasonable customary travel and living expenses, when authorized by Purchaser, shall be reimbursed at cost or at the IRS/GSA Per
Diem rate as approved by Purchaser.

* For Purchaser pre-approved additional materials, third party rentals or leases, Supplier shall be paid at cost plus five (5) percent.

* For Purchaser pre-approved additional subcontracted work with affiliate companies of Supplier will be invoiced at actual cost with no
adder.

Pricing is firm for the original Term of this Contract.

AUTHORIZATION/WORK INSTRUCTIONS:
Authority to commence Work on site will be issued via a Purchase Document (Release) serving as Notice to Proceed, Notice of
Commencement, or its equivalent.

*****************************************
NOTE: Purchaser does have the option to do a conventional release in lieu of E Receiving.
*****************************************
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Enterprise Agreement
See General Information Section

Page No: 5 / 9
Purchase Contract: 

4600016659

Contract Number: 4600016659
Vendor Name: SWCA INC

General Information

INVOICING:
Supplier shall perform electronic confirmations in lieu of submitting actual invoices for work performed.
Electronic confirmations shall be submitted by Supplier via the FPL.com Supplier Portal and shall include any applicable, or required,
attachments (documentation of charges, lien waivers, etc.).
Electronic confirmations shall be reviewed by FPL personnel. Electronic confirmations which are entered incorrectly or without proper
documentation shall be rejected, with explanation, and returned to Supplier for re-submittal by Supplier.

Electronic Invoices must itemize charges with supporting documentation for all applicable billing rates and any other costs authorized by
the Purchase Document (Release).
Failure to comply shall result in invoice processing delays at the expense of the Supplier.

All expenses invoiced in excess of $25.00 must be accompanied by the original receipt.

SALES TAX:
Sales tax applicability shall be set forth in each Purchase Document (Release).

SPECIAL/OUT OF SCOPE INSTRUCTIONS:
Changes in the scope of a Purchase Document (Release) will be performed only upon approval by the Purchaser's Company
Representative and receipt of an authorized Change Form.
Purchaser reserves the right to bid each identified out of scope task via any method at its discretion.

Payment terms for all Supplier invoices shall be  net 48 days for electronic funds transfer (FEDI).

INSURANCE:
It is understood and agreed that the Supplier is not covered by any Purchaser provided insurance program. See the attached terms and
conditions for insurance requirements. If specifically requested by Purchaser, the Supplier must provide proof of insurance via an ACORD
form or other Certificate of Insurance before commencement of on-site Work.

ATTACHMENTS:
STANDARD PURCHASER TERMS AND CONDITIONS FOR CONSULTING SERVICES (NON FLORIDA), REV. 12/15/16
NextEra Supplier Code of Conduct date 8/21/14
NextEra Contractor Safety Requirements Rev. 11/13/11
NextEra Safe & Secure Workplace Requirements Rev 4/7/15
Rate Sheet "SWCA Equipment Rates_Standard_PDS"

ACKNOWLEDGEMENT:
You are required to sign and submit an acknowledgement copy of this Contract prior to beginning Work. FAILURE TO RETURN THIS
ACKNOWLEDGEMENT SHALL RESULT IN PAYMENT OF YOUR INVOICES BEING DELAYED.

As a duly authorized representative, the undersigned acknowledges and accepts the terms of this Contract, its attachments and
references.

Signature - Accepted By:

____________________________________

Name: ___________________________________

Title: _________________________________________

Joseph J. Fluder III

Chief Operating Officer
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
South Dakota Ecological Services 

IN REPLY REFER TO: 
TE64070B-I Skipper 
Pennit 420 South Garfield Avenue, Suite 400 

Jake Powell, Senior Ecologist 
SWCA Environmental Consultants 
1892 South Sheridan A venue 
Sheridan, Wyoming 82801 

Dear Mr. Powell: 

Pierre, South Dakota 57501-5408 

Juue 18, 2018 

This letter provides your site specific authorization per condition F.3 of Federal Endangered 
Species Permit No. TE64070B-1. Under this condition you are to notify the U.S. Fish and 
Wildlife Service (Service) Field Supervisor for the state in which activities are proposed to occur 
at least 30 days prior to conducting any activities. 

The information required under condition F.3 was provided to the Service in a letter dated June 
14, 2018. In summary, SWCA is working with NextEra Energy Resources (NextEra) to identify 
the need and final location for surveys for Dakota skipper and Poweshiek skipperling in 
Codington, Grant, and Deuel counties, South Dakota, during the 2018 adult flight period. 
Surveys will be conducted between approximately June 25 and July 15 by Mr. Jake Powell. The 
survey protocols will follow the 2018 Dakota skipper survey protocols 
(https://wwww.fws.gov/midwest/endangered/insects/dask/index.html). The surveys will be 
conducted on field verified suitable habitat. 

All survey activities should conform to the conditions of your Service permit TE64070B-1. 
Please report your data from this survey to the USFWS South Dakota Field Office . 

As stated in your permit, your concurrence letter must be can·ied with this permit to authorize 
site-specific activities. If you have any questions, please feel free to call Charlene Bessken at 
605-224-8693 X 23 J. 

Sincerely, 

Scott V. Larson 
Field Supervisor 
South Dakota Field Office 
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Technical Memorandum 

To: Crowned Ridge Wind I, LLC 
From: SWCA Environmental Consultants 

Date: November 28, 2018 

Re: Crowned Ridge I Raptor Nest Aerial Surveys / SWCA Project No. 44511 

INTRODUCTION 
Crowned Ridge Wind, LLC, an indirect, wholly owned subsidiary of NextEra Energy Resources, LLC 
(NEER), plans to develop an approximately 300-megawatt wind facility known as the Crowned Ridge I 
Wind Energy Facility (the project) in Grant and Codington Counties, South Dakota (see project boundary, 
Figure 1). SWCA Environmental Consultants (SWCA) completed raptor nest aerial surveys for the project 
during 2017 and 2018. At the time of the 2017 survey, the study area included approximately 69,433 
acres (ac) (28,099 hectares [ha]) (Figure 1). At the time of the 2018 survey, the study area as provided to 
SWCA on March 20, 2018, included approximately 57,126 ac (23,118 ha) (Figure 2).  
SWCA performed two raptor nest aerial surveys in 2017 and one in 2018 to identify nesting raptors and to 
provide NEER spatial and species information for use during its turbine siting process to minimize the 
potential for impacts during construction and operation. SWCA completed surveys on April 5 and 6, 2017, 
June 8 and 9, 2017, and April 25 and 26, 2018. All raptor nests were surveyed within the study areas and 
a 2-mile (mi) (3.2-kilometer [km]) buffer. The study areas plus a 10-mi (16-km) buffer were surveyed to 
search specifically for eagle nests. SWCA used fixed-wing aerial survey methods following 
recommendations contained in the U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines1 
and Eagle Conservation Plan Guidance.2 

METHODS  
Two avian biologists and an experienced wildlife survey pilot conducted the raptor nest aerial surveys in a 
Cessna 172. The first nest survey in 2017 was conducted April 5 and 6 just prior to leaf-out to provide the 
best opportunity for nest detection. The second 2017 nest survey was conducted on June 8 and 9 (near 
most eagle and other large raptor fledge dates) to determine activity and productivity, if possible, of 
previously identified nests. Nest surveys in 2018 were completed April 25 and 26 to better determine 
status during a single survey period and avoid visibility issues due to canopy closure encountered during 
2017. SWCA documented all raptor nests identified within the study area and associated 2-mi (3.2-km) 
buffer and all eagle nests identified within the study area and associated 10-mi (16-km) buffer. The study 
                                                      
1 U.S. Fish and Wildlife Service. 2012. Land-Based Wind Energy Guidelines. Wind Turbine Guidelines Advisory 

Committee. Washington, D.C.: U.S. Department of the Interior, U.S. Fish and Wildlife Service. 
2 U.S. Fish and Wildlife Service. 2013. Eagle Conservation Plan Guidance, Module 1 – Land-Based Wind Energy, 

Version 2. Washington, D.C.: U.S. Department of the Interior, U.S. Fish and Wildlife Service, Division of 
Migratory Bird Management.  

2 136 

.. 

ENVI ONMENT~ CONSULTANTS 

So d Science. Creative Solutions."' 
~ 

A' 

\ 
116 North 4th Street, Suite 200 
Bismarck, North Dakota 58501 
Tel 701.258.6622 Fox 701 .258.5957 
www.swca.com 
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Crowned Ridge I Raptor Nest Aerial Surveys 2 

area and 2-mi (3.2-km) buffer survey were conducted by flying pre-established linear north–south 
transects at 0.5-mi (800-m) intervals at an altitude of 300 to 700 feet (ft) (91–213 meters [m]) above 
ground level, depending on terrain and flight safety issues. Transects within the 2-mi buffer were pre-
established in ArcGIS software and loaded in a global positioning system (GPS) unit for guidance during 
the survey. The study area and 10-mi (16-km) buffer survey were conducted by flying roaming, east–west 
transects at 1.0- to 3.5-mi (1.6–5.6-km) intervals across the entire survey area at an altitude of 300 to 700 
ft above ground level, with a focus on suitable eagle nesting habitat (Figures 3 and 4).  
SWCA identified suitable eagle nesting habitat during a preliminary ArcGIS software desktop analysis to 
guide the nest survey. Additional areas of suitable eagle nesting habitat identified during the survey also 
were investigated for presence of eagle nests. Characteristics of suitable eagle nesting habitat include 
wooded riparian corridors, utility structures, and stands of large trees capable of supporting an eagle nest. 
Potential nest locations detected within the 2-mi (3.2-km) and 10-mi (16-km) buffers were observed until 
raptor nest status (nest/no nest, active/inactive, etc.) could be confirmed. 

DATA ANALYSIS  
Data recorded at each raptor nest location included nest substrate, condition (i.e., good, fair, or poor), and 
status (i.e., occupied or unoccupied); raptor species using occupied nests; number of adults, eggs, and/or 
nestlings, if observed; behavior (e.g., incubating, perched at nest, flying nearby); and GPS location. A 
summary of all nests detected is presented in the section below. All eagle nest data recorded during the 
raptor nest aerial survey are presented in Attachments 1 and 2. See Figure 5 for detected raptor nest 
locations in the 2-mi buffer during each survey year, and Figure 6 for eagle nest locations detected in the 
10-mi buffer during each survey year. 
Though all nests observed during the aerial nest survey were documented, it is possible that nests of 
certain species (e.g., American kestrel [Falco sparverius], prairie falcon [Falco mexicanus], and northern 
harrier [Circus cyaneus]) were not located due to the nature of aerial surveys. This is primarily due to the 
height and speed at which aerial surveys are conducted, and because of the nest structure and preferred 
substrate of these species (i.e., built in small cavities along rock outcrops or in trees, or built on the 
ground nestled in tall grasslands). 

RESULTS 
2017 Non-Eagle Raptor Nests 

The April 2017 aerial raptor nest surveys identified 22 non-eagle raptor nest structures within the 2-mi 
buffer (Figure 5). Eight of these nests were considered occupied due to the presence of an adult in 
incubation position; five of these nests were located within the study area (Table 1). Fourteen nests were 
considered unoccupied due to a lack of an attending/incubating adult, nestlings, or eggs at the time of the 
survey. The non-eagle raptor nests were of medium size, built with sticks, and located in small- to 
medium-sized deciduous trees. Given that the nest survey was conducted just prior to leaf-out, it was 
difficult to determine the exact species of a nest tree. The species composition of the occupied non-eagle 
raptor nests consisted of one great-horned owl (Bubo virginianus), three red-tailed hawks (Buteo 
jamaicensis), and one Swainson’s hawk (Buteo swainsoni). The sixteen unoccupied nests were 
consistent in size and composition to those made by a Buteo species. 
Visibility of the raptor nests was extremely restricted due to dense foliage (i.e., deciduous trees had fully 
leafed out). As such no new nests not already documented during April surveys were discovered during 
the June 2017 nest status survey. Only eagle nests located during the April survey were observed from 
the aircraft during the June survey (discussed below).  
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Crowned Ridge I Raptor Nest Aerial Surveys 3 

2018 Non-Eagle Raptor Nests 

The April 2018 aerial raptor nest survey identified 47 non-eagle raptor nest structures within the 2-mi 
buffer (Figure 5). Sixteen nests were considered occupied due to the presence of an adult in incubation 
position; eight of these nests were located within the study area (Table 1). Thirty-one nests were 
considered unoccupied due to a lack of an attending/incubating adult, nestlings, or eggs at the time of the 
survey. Of the 16 active non-eagle raptor nests, one (No. 122-2018, red-tailed hawk nest) was located 
within the 2-mi buffer of both the Crowned Ridge I and Crowned Ridge II study areas. The non-eagle 
raptor nests were of medium size, built with sticks, and located in small- to medium-sized deciduous 
trees. Given that the nest survey was conducted just prior to leaf-out, it was difficult to determine the 
exact species of a nest tree. The species composition of occupied non-eagle raptor nests consisted of 
three great-horned owl nests and nine red-tailed hawk nests. The 31 unoccupied nests were consistent in 
size and composition to those made by a Buteo species. 

Table 1. Occupied Non-Eagle Raptor Nests within the Study Area and 2-mi Buffer 

Nest No. Nesting Species 
Nest 
Condition 

Nest Contents Location Coordinates 

2017 Nest Surveys 

52-2017 Red-tailed hawk Good Incubating adult Within study area 45.1365 N, -96.9746 W 
34-2017 Great-horned owl Good Incubating adult Within study area 45.0240 N, -96.9853 W 
47-2017 Red-tailed hawk Good Incubating adult Within study area 45.0598 N, -96.9681 W 
48-2017 Red-tailed hawk Good Incubating adult Within study area 45.0788 N, -97.0094 W 
49-2017 Red-tailed hawk Good Incubating adult Within study area 45.0637 N, -97.0019 W 
06-2017 Red-tailed hawk Good Incubating adult 2-mi buffer 45.1178 N, -96.7304 W 
50-2017 Red-tailed hawk Good Incubating adult 2-mi buffer 45.1745 N, -97.0048 W 
51-2017 Swainson’s hawk Good Incubating adult 2-mi buffer 45.1749 N, -96.9806 W 
2018 Nest Surveys 

33-2018 Red-tailed hawk Good Incubating adult Within study area 45.0446 N, -96.9510 W 
34-2018 Red-tailed hawk Good Incubating adult Within study area 45.0562 N, -96.9345 W 
134-2018 Great-horned owl Good Incubating adult Within study area 45.1063 N, -96.8274 W 
137-2018 Red-tailed hawk Good Incubating adult Within study area 45.0447 N, -96.8213 W 
139-2018 Great-horned owl Good Incubating adult Within study area 45.1427 N, -96.8053 W 
142-2018 Red-tailed hawk Good Incubating adult Within study area 45.1419 N, -96.7969 W 
145-2018 Red-tailed hawk Good Incubating adult Within study area  45.0948 N, -96.7877 W 
152-2018 Red-tailed hawk Good Incubating adult Within study area 45.1682 N, -96.7754 W 
80-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.0225 N, -97.0363 W 
82-2018 Great-horned owl Good Incubating adult 2-mi buffer 45.1032 N, -96.9498 W 
96-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.0874 N, -97.0615 W 
97-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.0335 N, -97.0145 W 
122-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.0032 N, -96.8694 W 
141-2018 Great-horned owl Good Incubating adult 2-mi buffer 45.0195 N, -96.8057 W 
158-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.1538 N, -96.7554 W 
160-2018 Red-tailed hawk Good Incubating adult 2-mi buffer 45.1030 N, -96.7440 W 

2017 Bald Eagle Nests 

No bald eagle nests were observed within the study area during 2017 surveys. Two occupied bald eagle 
(Haliaeetus leucocephalus) nests were observed within the 2-mi buffer (Table 2; Figure 6). The two 
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Crowned Ridge I Raptor Nest Aerial Surveys 4 

occupied bald eagle nests were identified as such due to the presence of an adult in incubation position. 
The detected eagle nests within the 2-mi buffer were found in medium- to large-sized eastern cottonwood 
(Populus deltoides) trees approximately 0.10 mi (0.16 km), and approximately 1.6 mi (2.6 km) outside of 
the study area. No bald eagle nests were identified within the 10-mi buffer (outside of the 2-mi buffer 
[Figure 6]) except those identified within the 2-mi buffer of the Crowned Ridge II study area.  
No new nests not already documented during April surveys were discovered during the June 2017 
survey. Of the two active bald eagle nests observed in April, both were still active and contained one 
eaglet each and observations of a nearby adult were recorded.  

2018 Bald Eagle Nests 

No bald eagle nests were observed within the study area during 2018 surveys. Two occupied bald eagle 
nests and one (likely) unoccupied eagle nest were observed within the 2-mi buffer (Table 2 and Figure 6). 
The two occupied bald eagle nests were identified as such due to the presence of an adult in incubation 
position. Unoccupied Nest No. 87-2018 was the same as occupied Nest No. 42-2017 identified during 
2017 surveys. Occupied Nest No. 04-2018 was the same as occupied Nest No. 05-2017 identified during 
2017 surveys. Eagle Nest No. 124-2018 and Nest No. 87-2018 were in the 2-mi buffer of both the 
Crowned Ridge I and Crowned Ridge II study areas. 
Three occupied bald eagle nests were identified within the 10-mi buffer (outside the 2-mi buffer) (Figure 6, 
Table 3). Occupied Nest No. 89-2018 appears to be in the same territory as unoccupied (destroyed) 
Nests No. 43-2017 and No. 45-2017 identified during 2017 surveys. The remaining two nests identified 
within the 10-mi buffer during the 2018 survey were previously undetected and/or new nest structures. 
Given that the nest survey was conducted just prior to leaf-out, it was difficult to determine the exact 
species of a nest tree. Bald eagle nests located within the 10-mi buffer of the Crowned Ridge I study area 
and within the 2-mi buffer of Crowned Ridge II were not included in this analysis (see Crowned Ridge II 
Aerial Raptor Nest Surveys Technical Memorandum). 
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Crowned Ridge I Raptor Nest Aerial Surveys 5 

Table 2. Bald Eagle Nests within the 2-mi Buffer (and Outside the Study Area) 

Nest No. 
Survey 
Year 

Status Nest Condition Nest Contents Nest Coordinates 

05-2017* 2017 Occupied Sticks – intact 1 nestling 45.1172 N, -96.9126 W 
42-2017† 2017 Occupied Sticks – intact 1 nestling 45.0236 N, -96.8553 W 
04-2018* 2018 Occupied Sticks – excellent Incubating adult 45.1172 N, -96.9126 W 
87-2018† 2018 Unoccupied Excellent Empty 45.0238 N, -96.8553 W 
124-2018 2018 Occupied Sticks – excellent Incubating adult 44.7947 N, -96.9330 W 

* Indicates same nest site between years  
† Indicates same nest site between years 

Table 3. Bald Eagle Nests within the 10-mi Buffer (and Outside the Study Area and 2-mi Buffer) 

Nest No. 
Survey 
Year 

Status Nest Condition Nest Contents Nest Coordinates 

89-2018 2018 Occupied Excellent 1 nesting 45.2750 N, -97.0030 W 
93-2018* 2018 Occupied Excellent Incubating adult 45.2710 N, -96.5420 W 
163-2018* 2018 Occupied Excellent Incubating adult 45.0313 N, -97.2456 W 

* Located 1.3 to 5.8 kilometers outside of 10-mi (16-km) buffer but on waterways that cross the study area 10-mi buffer  
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Crowned Ridge I Raptor Nest Aerial Surveys 6 

 

Figure 1. Study areas, 2017.  
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Figure 2. Study areas, 2018. 
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Figure 3. Survey transects, 2017. 
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Figure 4. Survey transects, 2018.  
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Figure 5. Survey results: non-eagle raptor nests.  
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Figure 6. Survey results: eagle nests. 
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ATTACHMENT 1. 2017 Crowned Ridge I Raptor Nest Survey Data 

Nest No. Status Species Study Area 
Study 
Area 
Proximity 

Latitude Longitude 

53-2017 Active Swainson's Hawk CRI 10-mi 45.2544 -97.0135 
43-2017 Destroyed Unoccupied Stick Nest CRI 10-mi 45.2744 -97.0027 
45-2017 Destroyed Unoccupied Stick Nest CRI 10-mi 45.2750 -97.0030 
03-2017 Inactive Unoccupied Stick Nest CRI 10-mi 45.0223 -96.7234 
15-2017 Inactive Unoccupied Stick Nest CRI 10-mi 44.9967 -96.7430 
46-2017 Inactive Unoccupied Stick Nest CRI 10-mi 45.3176 -96.4869 
05-2017 Active Bald Eagle CRI 2-mi 45.1172 -96.9126 
42-2017 Active Bald Eagle CRI & CRII 2-mi 45.0236 -96.8553 
06-2017 Active Red-tailed Hawk CRI 2-mi 45.1178 -96.7304 
50-2017 Active Red-tailed Hawk CRI 2-mi 45.1745 -97.0048 
51-2017 Active Swainson's Hawk CRI 2-mi 45.1749 -96.9806 
01-2017 Inactive Unoccupied Stick Nest CRI 2-mi 45.0043 -96.7980 
14-2017 Inactive Unoccupied Stick Nest CRI 2-mi 45.1149 -97.0505 
20-2017 Inactive Unoccupied Stick Nest CRI 2-mi 45.0860 -97.0784 
22-2017 Inactive Unoccupied Stick Nest CRI 2-mi 45.0424 -96.7376 
23-2017 Inactive Unoccupied Stick Nest CRI 2-mi 44.9786 -97.0061 
25-2017 Inactive Unoccupied Stick Nest CRI 2-mi 45.0315 -97.0508 
13-2017 Inactive Unoccupied Stick Nest CRI & CRII 2-mi 44.9500 -96.9480 
34-2017 Active Great Horned Owl CRI Within 45.0240 -96.9853 
47-2017 Active Red-tailed Hawk CRI Within 45.0598 -96.9681 
48-2017 Active Red-tailed Hawk CRI Within 45.0788 -97.0094 
49-2017 Active Red-tailed Hawk CRI Within 45.0637 -97.0019 
52-2017 Active Red-tailed Hawk CRI Within 45.1365 -96.9746 
35-2017 Inactive Red-tailed Hawk CRI Within 45.0446 -96.9510 
36-2017 Inactive Red-tailed Hawk CRI Within 45.0562 -96.9345 
37-2017 Inactive Red-tailed Hawk CRI Within 45.0741 -96.9532 
39-2017 Inactive Red-tailed Hawk CRI Within 45.1075 -96.9878 
40-2017 Inactive Red-tailed Hawk CRI Within 45.1218 -96.9966 
41-2017 Inactive Red-tailed Hawk CRI Within 45.1482 -96.9829 
38-2017 Inactive Swainson's Hawk CRI Within 45.1120 -96.9703 
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ATTACHMENT 2. 2018 Crowned Ridge I Raptor Nest Survey Data 

Nest No. Status Species 
Study 
Area 

Study Area 
Proximity 

Latitude Longitude 

111-2018 Active Red-tailed Hawk CR 10-mi 45.2362 -96.9019 
117-2018 Active Red-tailed Hawk CR 10-mi 45.2394 -96.8778 
89-2018 Active Bald Eagle CRI 10-mi 45.2750 -97.0030 
93-2018 Active Bald Eagle CRI 10-mi 45.2710 -96.5420 
163-2018 Active Bald Eagle CRI 10-mi 45.0313 -97.2456 
164-2018 Active Great-horned Owl CRI 10-mi 45.1122 -97.1473 
14-2018 Inactive Unknown CRI 10-mi 44.9967 -96.7430 
72-2018 Inactive Unknown CRI 10-mi 45.2544 -97.0135 
98-2018 Active Red-tailed Hawk CRI & II 10-mi 44.9343 -97.0264 
99-2018 Inactive Unknown CRI & II 10-mi 44.8972 -97.0215 
151-2018 Inactive Unknown CRI & II 10-mi 44.9789 -96.7835 
158-2018 Active Red-tailed Hawk CR 2-mi 45.1538 -96.7554 
102-2018 Inactive Unknown CR 2-mi 45.1807 -96.9294 
104-2018 Inactive Unknown CR 2-mi 45.1807 -96.9287 
110-2018 Inactive Unknown CR 2-mi 45.2040 -96.9026 
112-2018 Inactive Unknown CR 2-mi 45.2307 -96.8996 
162-2018 Inactive Unknown CR 2-mi 45.1178 -96.7338 
05-2018 Gone  CR 2-mi 45.1178 -96.7304 
04-2018 Active Bald Eagle CRI 2-mi 45.1172 -96.9126 
82-2018 Active Great-horned Owl CRI 2-mi 45.1032 -96.9498 
141-2018 Active Great-horned Owl CRI 2-mi 45.0195 -96.8057 
80-2018 Active Red-tailed Hawk CRI 2-mi 45.0225 -97.0363 
96-2018 Active Red-tailed Hawk CRI 2-mi 45.0874 -97.0615 
97-2018 Active Red-tailed Hawk CRI 2-mi 45.0335 -97.0145 
160-2018 Active Red-tailed Hawk CRI 2-mi 45.1030 -96.7440 
21-2018 DNLO Unknown CRI 2-mi 45.0424 -96.7376 
00-2018 Inactive Unknown CRI 2-mi 45.0043 -96.7980 
12-2018 Inactive Unknown CRI 2-mi 44.9500 -96.9480 
24-2018 Inactive Unknown CRI 2-mi 45.0315 -97.0508 
39-2018 Inactive Unknown CRI 2-mi 45.1482 -96.9829 
69-2018 Inactive Unknown CRI 2-mi 45.1745 -97.0048 
94-2018 Inactive Unknown CRI 2-mi 45.0315 -97.0497 
118-2018 Inactive Unknown CRI 2-mi 45.0723 -96.8683 
140-2018 Inactive Unknown CRI 2-mi 45.0288 -96.8005 
146-2018 Inactive Unknown CRI 2-mi 45.0083 -96.7928 
147-2018 Inactive Unknown CRI 2-mi 44.9961 -96.7865 
153-2018 Inactive Unknown CRI 2-mi 45.1041 -96.7562 
161-2018 Inactive Unknown CRI 2-mi 45.0666 -96.7308 
22-2018 Unknown Unknown CRI 2-mi 44.9786 -97.0061 
36-2018 Gone - CRI 2-mi 45.1120 -96.9703 
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Nest No. Status Species 
Study 
Area 

Study Area 
Proximity 

Latitude Longitude 

66-2018 Gone - CRI 2-mi 45.0637 -97.0019
67-2018 Gone - CRI 2-mi 45.0635 -96.9985
70-2018 Gone - CRI 2-mi 45.1749 -96.9806
77-2018 Gone - CRI 2-mi 45.1808 -96.9756
78-2018 Gone - CRI 2-mi 45.0277 -97.0096
124-2018 Active Bald Eagle CRI & II 2-mi 45.0123 -96.8440
122-2018 Active Red-tailed Hawk CRI & II 2-mi 45.0032 -96.8694
127-2018 Inactive Unknown CRI & II 2-mi 45.0279 -96.8495
128-2018 Inactive Unknown CRI & II 2-mi 45.0399 -96.8418
87-2018 Inactive Prob. Bald Eagle CRI & II Within 45.0238 -96.8553

134-2018 Active Great-horned Owl CR Within 45.1063 -96.8274
139-2018 Active Great-horned Owl CR Within 45.1427 -96.8053
145-2018 Active Great-horned Owl CR Within 45.0948 -96.7877
142-2018 Active Red-tailed Hawk CR Within 45.1419 -96.7969
152-2018 Active Red-tailed Hawk CR Within 45.1682 -96.7754
123-2018 Inactive Unknown CR Within 45.1499 -96.8531
143-2018 Inactive Unknown CR Within 45.1469 -96.7921
33-2018 Active Red-tailed Hawk CRI Within 45.0446 -96.9510
34-2018 Active Red-tailed Hawk CRI Within 45.0562 -96.9345
137-2018 Active Red-tailed Hawk CRI Within 45.0447 -96.8213
32-2018 Inactive Unknown CRI Within 45.0240 -96.9853
83-2018 Inactive Unknown CRI Within 45.1373 -96.9703
101-2018 Inactive Unknown CRI Within 45.0781 -96.9437
108-2018 Inactive Unknown CRI Within 45.0571 -96.9095
109-2018 Inactive Unknown CRI Within 45.0597 -96.9126
138-2018 Inactive Unknown CRI Within 45.0926 -96.8139
38-2018 Gone CRI Within 45.1218 -96.9966
62-2018 Gone CRI Within 45.0611 -96.9243
63-2018 Gone CRI Within 45.0598 -96.9681
64-2018 Gone CRI Within 45.1000 -96.9943
65-2018 Gone CRI Within 45.0788 -97.0094
71-2018 Gone CRI Within 45.1365 -96.9746
116-2018 Inactive Unknown CRI & II Within 45.0122 -96.8862
58-2018 Gone CRI & II Within 44.9729 -96.8838
60-2018 Gone CRI & II Within 45.0014 -96.9039
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1 INTRODUCTION 

Crowned Ridge Wind, LLC, an indirect, wholly owned subsidiary of NextEra Energy Resources, LLC, 
plans to develop an approximately 300-megawatt (-MW) wind facility known as the Crowned Ridge I Wind 
Energy Facility (the project) in Grant and Codington Counties, South Dakota. The project will produce 
energy sold to Xcel Energy through a power purchase agreement. A new transmission line will be 
constructed to connect the wind facility to Otter Tail Power’s Big Stone South 230-kilovolt (-kV) substation 
near Big Stone City, South Dakota. Construction is anticipated to commence in early 2019, and the 
Project is scheduled to achieve commercial operation at or before the end of 2019. This report addresses 
the study area comprising approximately 58,548 acres of land as provided to SWCA on March 21, 2017. 
Crowned Ridge Wind, LLC, contracted SWCA Environmental Consultants (SWCA) to conduct large and 
small bird use surveys in the study area. The objectives of the surveys were to characterize the activity, 
spatial distribution, and relative abundance of avian species in the study area. This report summarizes the 
methods and results of large and small bird use surveys conducted from April 1, 2017, through November 
30, 2017, in the study area. 

2 METHODS 

 Large Bird Use Surveys 

SWCA developed the large bird use survey protocols in accordance with recommendations set forth in 
the U.S. Fish and Wildlife Service’s (USFWS’s) Land-Based Wind Energy Guidelines (USFWS 2012) and 
Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy Version 2 (ECPG) (USFWS 
2013). The purpose of these studies is to characterize the activity, spatial distribution, and relative 
abundance of diurnal raptors and other large bird species using the study area. The survey data is useful 
to identify potential high-use areas in the study area that may be avoided during project design to avoid 
and minimize potential risk to large birds. 
Large birds generally are defined as those the size of waterfowl or larger and include raptors, vultures, 
waterfowl, herons, pelicans, and corvids. Federally listed species, state-listed species, and large flocks of 
small birds also were considered target groups during large bird use surveys. 
SWCA used a spatially balanced sampling design to establish 29 circular point count locations, each with 
a survey area of 800 meters (m) (2,625 feet) in radius, throughout the study area provided by the 
proponent on March 21, 2017 (Figure 1). This sampling method captures the variability in habitat and 
vegetation conditions, topography, and potential turbine numbers and densities within the study area. 
These locations allowed for more than 30% survey coverage of the study area, exceeding 
recommendations in the ECPG (USFWS 2013). Point count locations were micro-sited in the field to 
minimize obstructed views of the surrounding terrain and corresponding airspace.  
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Figure 1. Project location and study area showing point count survey plots.  
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SWCA completed surveys of each of the 29 point count locations once a month for 8 months (232 
surveys total for the project). The surveys lasted for 1 hour per survey date at each of the 29 point count 
locations, in accordance with ECPG guidance (USFWS 2013: Technical Appendix C). The schedule was 
designed and implemented to provide survey coverage across all hours for each of the point count 
locations in accordance with ECPG guidance. The schedule also was designed such that multiple large 
bird use surveys conducted on any given day were separated spatially to increase the likelihood of 
independent observations. 
SWCA collected the following data for each large bird observation within the 800-m-radius survey areas: 
species, age, sex, number of individuals, distance to bird(s), azimuth to bird(s), estimated flight height 
within three bins (0–30 m [0–98 feet], 30–200 m [98–656 feet], and 200+ m [656+ feet]), flight direction, 
beginning and ending time of presence within the point count location, flight time (recorded as number of 
seconds), behavioral activity, and interactions with other birds. SWCA also collected flight pathway 
information per recommendations in Strickland et al. (2011) and the ECPG (USFWS 2013). Flight 
pathway data were collected for raptor species. Flight pathways within the point count location 800m 
survey area were digitally recorded using ArcGIS Collector software. This software allowed biologists to 
record the flight path as a spatial data layer, which overlaid aerial imagery displaying relevant landforms 
in each survey area. The data was uploaded and analyzed using geographic information system (GIS) 
software. 

Small Bird Use Surveys 

SWCA developed the small bird use survey protocols in accordance with recommendations set forth in 
the USFWS’s Land-Based Wind Energy Guidelines (USFWS 2012). The purpose of small bird use 
surveys is to characterize the activity, spatial distribution, and relative abundance of passerine and other 
small bird species using the study area. To understand small bird use in the study area across all daylight 
hours, SWCA conducted small bird point count surveys in conjunction with the large bird use surveys.  
Small birds generally are defined as those smaller in size than a crow and include passerine species. 
Federally listed species, state-listed species, and large flocks of small birds also were considered target 
groups during small bird use surveys. The small bird use surveys were conducted at the same point count 
locations as the large bird use surveys (see Figure 1). The biologists recorded all birds detected within a 
100-m-radius (328-foot-radius) of each location for 10 minutes before beginning the large bird use
surveys.
SWCA collected the following data for each observation made during the small bird use surveys: species, 
number of observations by species, age and sex, behavior, method of detection (visual or auditory), 
estimated distance from the observer to each bird, time each bird or group of birds was detected within 
the point count location survey area, temperature, wind speed and direction, cloud cover, and 
precipitation. In addition, the biologists recorded large bird species observed outside of the 100-m-radius 
survey areas as incidental observations during the small bird surveys. 

3 DATA ANALYSIS 

Data collected during the large bird use surveys allow for robust analysis of large bird use in the study 
area. Analysis of these data provides the following metrics: species composition, diversity, and 
abundance; relative abundance and frequency of observations per guild and species; eagle and raptor 
use (number of observations/60-minute-survey/800-m-radius survey plot) and minutes (eagle flight 
minutes within 800-m-radius survey plot up to 200 m [656 feet] in height); large bird use (large bird 
observations/survey period/800-m-radius survey plot); comparisons of use below, in, and above the rotor 
swept area; vegetation type near observations; and notable behavior or flight patterns. In addition, 
analysis has the potential to identify potential high-use areas in the study area that may be avoided during 
project design to avoid or minimize the potential risk to birds. 
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The small bird point count survey data were analyzed to measure different indices of abundance for the 
project. Analysis of small bird use survey data provides the following metrics: species composition, 
diversity, and abundance; frequency of observations per guild and species; small bird use (number of 
observations/8-minute survey/100-m-radius survey plot); comparisons of use below, in, and above the 
rotor-swept area; and notable behavior patterns observed during the survey. Small bird use also was 
compared between seasons to understand the relative use by individuals and species between seasons. 

4 RESULTS 

 Large Bird Use 

SWCA performed 232 surveys across the 29 point count locations in the study area from April 1, 2017, 
through November 30, 2017. In total, large bird use surveys were conducted for 13,920 survey minutes 
(232 survey hours). The survey efforts were evenly distributed across the 29 point count locations. All 
point count locations were surveyed for 60 minutes monthly for 8 months.  
No large birds were observed during 86 (37.1%) of the 232 surveys. During the remaining 146 surveys, 
SWCA recorded 356 large bird observations (Table 1). The number of observations per point count 
locations ranged from three to 26 (mean = 12.3, standard deviation = 6.9). Relative abundance (i.e., the 
percentage of total large bird observations made at an individual point count location) ranged from 1.1% 
to 7.3% (see Table 1). 

Table 1. Number and Relative Abundance of Large Bird Observations by 
Point Count Location 

Point Count Location  Number of 
Observations 

Relative 
Abundance* 

CR01 9 2.5 
CR02 18 5.1 
CR03 17 4.8 
CR04 14 3.9 
CR05 26 7.3 
CR06 10 2.8 
CR07 10 2.8 
CR08 9 2.5 
CR09 11 3.1 
CR10 22 6.2 
CR11 12 3.4 
CR12 13 3.7 
CR13 13 3.7 
CR14 26 7.3 
CR15 23 6.5 
CR16 25 7.0 
CR17 6 1.7 
CR18 8 2.2 
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Point Count Location Number of 
Observations 

Relative 
Abundance* 

CR42 4 1.1 
CR43 8 2.2 
CR45 15 4.2 
CR46 3 0.8 
CR47 7 2.0 
CR48 11 3.1 
CR49 8 2.2 
CR54 6 1.7 
CR55 9 2.5 
CR56 6 1.7 
CR57 7 2.0 
Total 356 100.0 

* Relative abundance is expressed as the percentage of total large bird observations (n=356) recorded at an
individual point count location.

4.1.1 Species 
The 356 large bird observations consisted of 35 species (Table 2). Twelve raptor species were recorded: 
American kestrel (Falco sparverius), Cooper’s hawk (Accipiter cooperii), ferruginous hawk (Buteo regalis), 
merlin (Falco columbarius), northern harrier (Circus cyaneus), peregrine falcon (Falco peregrinus), prairie 
falcon (Falco mexicanus), rough-legged hawk (Buteo lagopus), red-shouldered hawk (Buteo lineatus), 
red-tailed hawk (Buteo jamaicensis), sharp-shinned hawk (Accipiter striatus), and Swainson’s hawk 
(Buteo swainsoni).  
The 23 non-raptor species recorded were American crow (Corvus brachyrhynchos), American white 
pelican (Pelecanus erythrorhynchos), blue-winged teal (Spatula discors), California gull (Larus 
californicus), Canada goose (Branta canadensis), double-crested cormorant (Phalacrocorax auritus), 
Franklin’s gull (Leucophaeus pipixcan), gadwall (Mareca strepera), great blue heron (Ardea herodias), 
great egret (Ardea alba), greater prairie-chicken (Tympanuchus cupido), greater yellowlegs (Tringa 
melanoleuca), marbled godwit (Limosa fedoa), mallard (Anas platyrhynchos), northern pintail (Anas 
acuta), ring-billed gull (Larus delawarensis), ring-necked pheasant (Phasianus colchicus), snow goose 
(Chen caerulescens), sharp-tailed grouse (Tympanuchus phasianellus), turkey vulture (Cathartes aura), 
Wilson’s snipe (Gallinago delicata), wild turkey (Meleagris gallopavo), and wood duck (Aix sponsa).  
Northern harrier (Circus cyaneus) and red-tailed hawk (Buteo jamaicensis) each accounted for 50 
observations (14.0% of total observations). Swainson’s hawk (Buteo swainsoni) accounted for nine 
observations (2.5% of total observations), and American kestrel (Falco sparverius) accounted for six 
observations (1.7% of total observations). Collectively, these four species accounted for 115 observations 
(32.3% of total observations).  
SWCA recorded northern harrier during 36 of the 232 surveys (15.5% of total surveys), red-tailed hawk 
during 36 surveys (15.5% of total surveys), Swainson’s hawk during six surveys (2.6% of total surveys), 
and American kestrel during five surveys (2.2% of total surveys) (see Table 2). SWCA determined the 
frequency of species occurrence during the 232 large bird surveys, with 19 of the 35 large bird species 
(54.3%) observed during more than 1% of the 232 surveys and 16 of the 35 large bird species (45.7%) 
observed during less than 1% of the 232 surveys.  
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SWCA’s biologists recorded four large bird species recognized by the USFWS as birds of conservation 
concern (BCC) within the study area: ferruginous hawk, peregrine falcon, prairie falcon, and marbled 
godwit (USFWS 2008). No bald eagles (Haliaeetus leucocephalus) or golden eagles (Aquila chrysaetos) 
were observed within the study area. No state or federally listed species were observed. 

Table 2. Total Large Bird Species Composition, Abundance, and Occurrence 

Large Bird Species Abundance* Relative 
Abundance† 

Number of 
Surveys During 
Which Species 
Was Recorded 

Frequency of 
Occurrence‡ 

American crow 4 1.1 4 1.7 
American kestrel 6 1.7 5 2.2 
American white pelican 20 5.6 17 7.3 
Blue-winged teal 2 0.6 2 0.9 
California gull 1 0.3 1 0.4 
Canada goose 39 11.0 35 15.1 
Cooper's hawk 2 0.6 2 0.9 
Double-crested cormorant 6 1.7 5 2.2 
Ferruginous hawk 4 1.1 4 1.7 
Franklin's gull 46 12.9 21 9.1 
Gadwall 2 0.6 2 0.9 
Great blue heron 3 0.8 3 1.3 
Great egret 2 0.6 2 0.9 
Greater prairie-chicken 1 0.3 1 0.4 
Greater yellowlegs 1 0.3 1 0.4 
Marbled godwit 3 0.8 2 0.9 
Mallard 27 7.6 22 9.5 
Merlin 3 0.8 2 0.9 
Norther harrier 50 14.0 36 15.5 
Peregrine falcon 1 0.3 1 0.4 
Northern pintail 2 0.6 2 0.9 
Prairie falcon 4 1.1 4 1.7 
Ring-billed gull 21 5.9 17 7.3 
Rough-legged hawk 5 1.4 3 1.3 
Ring-necked pheasant 11 3.1 11 4.7 
Red-shouldered hawk 1 0.3 1 0.4 
Red-tailed hawk 50 14.0 36 15.5 
Snow goose 2 0.6 2 0.9 
Sharp-shinned hawk 1 0.3 1 0.4 
Sharp-tailed grouse 1 0.3 6 2.6 
Swainson's hawk 9 2.5 6 2.6 
Turkey vulture 21 5.9 16 6.9 
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Large Bird Species Abundance* Relative 
Abundance† 

Number of 
Surveys During 
Which Species 
Was Recorded 

Frequency of 
Occurrence‡ 

Wilson's snipe 1 0.3 1 0.4 
Wild turkey 3 0.8 3 1.3 
Wood duck 1 0.3 1 0.4 
Total 356 100 - 62.9 

* Abundance = total number of observations per species. 
† Relative abundance = the percentage of large bird observations (n=356) recorded at an individual point count location.  
‡ Frequency = percentage of all surveys (n=232) during which the species or group was recorded. 
§ The total number of surveys with at least one large bird observation (regardless of number of species) is 146. 
¶ The percentage of surveys with at least one large bird or flock observation (146 of 232 = 62.9 %). 

4.1.2 Seasonality 
Monthly totals for large bird species observed during the study period are provided in Table 3. Large bird 
observations varied considerably between months, ranging from 1 to 31 observations per month. The two 
lowest monthly totals occurred in October and November (see Table 3). 
Canada goose was the only species recorded each month. Seasonal occurrence of migratory species is 
evident for several species. For example, biologists recorded Swainson’s hawk during the species’ 
expected breeding season in July and migratory season in August and September. Conversely, biologists 
recorded rough-legged hawk (Buteo lagopus) only during its expected migratory and overwintering 
season in November. 

Table 3. Number of Large Bird Species Observations by Month 

Large Bird Species  2017 

Apr May Jun Jul Aug Sep Oct Nov 

American crow 1 1 1 0 0 1 0 0 
American kestrel 0 0 0 1 1 2 0 2 
American white pelican 0 0 5 10 5 0 0 0 
Blue-winged teal 0 0 0 1 1 0 0 0 
California gull 0 0 0 1 0 0 0 0 
Canada goose 5 6 4 2 4 4 6 8 
Cooper's hawk 0 0 1 0 0 1 0 0 
Double-crested cormorant 0 0 1 1 1 2 1 0 
Ferruginous hawk 1 2 0 0 0 1 0 0 
Franklin's gull 0 0 0 0 15 31 0 0 
Gadwall 0 0 0 0 0 0 2 0 
Great blue heron 0 0 1 0 1 1 0 0 
Great egret 0 0 1 0 0 1 0 0 
Greater prairie-chicken 0 0 0 0 0 1 0 0 
Greater yellowlegs 0 0 0 0 0 1 0 0 
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Large Bird Species  2017 

Apr May Jun Jul Aug Sep Oct Nov 

Marbled godwit 0 0 3 0 0 0 0 0 
Mallard 12 5 7 2 0 0 1 0 
Merlin 0 0 0 0 0 0 3 0 
Norther harrier 8 10 8 6 2 13 3 0 
Peregrine falcon 0 0 1 0 0 0 0 0 
Northern pintail 1 1 0 0 0 0 0 0 
Prairie falcon 0 0 0 0 4 0 0 0 
Ring-billed gull 5 0 10 6 0 0 0 0 
Rough-legged hawk 0 0 0 0 0 0 0 5 
Ring-necked pheasant 1 0 2 3 2 2 0 1 
Red-shouldered hawk 0 0 1 0 0 0 0 0 
Red-tailed hawk 8 7 1 6 10 17 1 0 
Snow goose 0 0 0 0 0 0 0 2 
Sharp-shinned hawk 0 0 0 0 0 1 0 0 
Sharp-tailed grouse 0 1 0 0 0 0 0 0 
Swainson's hawk 0 0 0 1 1 7 0 0 
Turkey vulture 0 0 2 6 4 9 0 0 
Wilson's snipe 0 0 0 0 0 1 0 0 
Wild turkey 1 0 0 1 0 0 0 1 
Wood duck 0 0 0 0 0 1 0 0 
Total 43 33 49 47 51 97 17 19 

4.1.3 Flight Height 
The estimated flight height upon initial detection of an observation was recorded to characterize raptor 
use within the zone between 0 to 200 m aboveground, which the USFWS recognizes as a zone with 
potential for collisions between raptors and wind turbine infrastructure. Two-hundred nine flight 
observations out of the total flight 356 observations (58.7% of total observations) were of large birds flying 
within this zone (Table 4). However, 172 of the observations (48.3% of total observations) were of large 
birds flying below 30 m aboveground and therefore may be considered outside the rotor-swept zone for 
wind turbine models typically used at commercial wind energy facilities (31–200 m). A total of 147 flight 
observations (41.3% of total observations) were of large birds flying above 200 m aboveground. A total of 
37 observations (10.4% of total observations) were of large birds flying within the rotor-swept zone. 

Table 4. Number of Large Bird Observations Per Flight Height Bin 

Large Bird Species Flight Height Bin (meters) 

0–30 31–200 >200 

American crow 3 0 1 
American kestrel 4 0 2 
American white pelican 2 6 12 

Exhibit A1-E

 
007277

ADMINISTRATIVE RECORD - Scan 7 - Page 130 of 149

- Page 2451 -



Avian Use Survey Report for the Proposed Crowned Ridge I Wind Facility, 
Grant and Codington Counties, South Dakota 

9 

Large Bird Species Flight Height Bin (meters) 

0–30 31–200 >200 

Blue-winged teal 2 0 0 
California gull 1 0 0 
Canada goose 18 2 19 
Cooper's hawk 0 0 2 
Double-crested cormorant 2 0 4 
Ferruginous hawk 1 1 2 
Franklin's gull 4 12 30 
Gadwall 1 0 1 
Great blue heron 1 0 2 
Great egret 1 0 1 
Greater prairie-chicken 1 0 0 
Greater yellowlegs 0 0 1 
Marbled godwit 2 0 1 
Mallard 26 0 1 
Merlin 2 0 1 
Norther harrier 42 1 7 
Peregrine falcon 0 0 1 
Northern pintail 2 0 0 
Prairie falcon 0 0 4 
Ring-billed gull 19 0 2 
Rough-legged hawk 1 0 4 
Ring-necked pheasant 11 0 0 
Red-shouldered hawk 0 0 1 
Red-tailed hawk 15 7 28 
Snow goose 0 1 1 
Sharp-shinned hawk 0 0 1 
Sharp-tailed grouse 1 0 0 
Swainson's hawk 1 2 6 
Turkey vulture 4 5 12 
Wilson's snipe 1 0 0 
Wild turkey 3 0 0 
Wood duck 1 0 0 
Total 172 37 147 

 

4.1.4 Behavior 
Large bird observations per type of behavior are provided in Table 5. Most of the observations (163 of 
356; 45.8%) were of large birds exhibiting the behavior of powered flight. The biologists recorded large 
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birds demonstrating the behavior of circle soaring (64; 18.0%), gliding (31; 8.7%), soaring (12; 3.4%), and 
hovering (five; 1.4%). Eighty-one observations (22.8%) were of large birds exhibiting non-flight behavior 
(e.g., calling, foraging, perching). 

Table 5. Number and Frequency of Large Bird Observations Per Type of 
Behavior 

Behavior  Number of 
Observations 

Frequency (percent) 

Circle soaring 64 18.0 
Gliding 31 8.7 
Powered flight 163 45.8 
Hovering 5 1.4 
Soaring 12 3.4 
Calling 13 3.7 
Foraging 54 15.2 
Perched 14 3.9 
Total 356 100.0 

 

4.1.5 Time of Day 
SWCA’s biologists conducted the surveys between 6:00 a.m. and 5:00 p.m., with hourly average number 
of large bird observations ranging from 1.4 to 3.6 per survey (Table 6). The biologists recorded very few 
observations in the early morning (6:00 a.m.) and early evening (4:00 p.m.) hours relative to other hours. 
The 10:00 a.m., 11:00 a.m., 12:00 p.m., and 5:00 p.m. hours were associated with an uptick in 
observations per survey, which averaged 3.2, 3.6, 3.4, and 3.5, respectively. Table 6 provides the total 
number of observations for each survey hour, number of surveys per hour, and average number of 
observations per survey in each hour during the study period. 

Table 6. Number of Large Bird Observations and Surveys by Hour Per Month 

Month 
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April 0 10 10 8 0 5 3 1 1 3 2 0 
May 1 3 3 1 0 6 4 3 1 8 3 0 
June 0 5 4 8 5 2 2 8 5 2 4 4 
July 5 1 3 3 7 0 7 2 7 4 5 3 
August 3 6 2 5 6 2 21 4 0 6 2 0 
September 6 6 5 11 14 22 4 13 13 15 4 0 
October 4 1 3 1 1 1 0  0 3 0 3 0 
November 0 1 2 1 6 9 0 0 0 0 0 0 
Number of 
observations per 
hour 

18 29 31 34 38 47 41 31 27 33 20 7 
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Month 
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Average number 
of observations 
per survey 

2.0 1.9 1.6 2.4 3.2 3.6 3.4 2.6 2.3 3.0 1.4 3.5 

4.1.6 Eagle Observations 
During the 8-month study period, the biologists did not record golden eagles, bald eagles, or any 
unknown eagle species as incidental or large bird observations. Thus, no areas in the study area were 
identified as potential high-use areas for eagles. 

 Small Bird Use 

SWCA performed 232 surveys across the 29 point count locations in the study area from April 1, 2017, 
through November 30, 2017. The survey efforts were evenly distributed across the 29 point count 
locations. All locations were surveyed for 10 minutes per survey for eight survey sessions. The small bird 
use surveys took place before the large bird use surveys at each point count location.  
No small birds were observed during 37 of the surveys (15.9% of total surveys). During the remaining 195 
surveys, SWCA biologists recorded 644 observations (Table 7). The number of observations per point 
count location ranged from 11 to 44 (mean = 22.2, standard deviation = 7.9). Relative abundance (i.e., 
the percentage of total small bird observations made at an individual point count location) ranged from 
1.7% to 6.8% (see Table 7). 

Table 7. Number and Relative Abundance of Small Bird Observations Per 
Point Count Location 

Point Count Location  Number of 
Observations 

Relative Abundance* 

CR01 22 3.4 
CR02 20 3.1 
CR03 29 4.5 
CR04 17 2.6 
CR05 19 3.0 
CR06 11 1.7 
CR07 39 6.1 
CR08 18 2.8 
CR09 17 2.6 
CR10 18 2.8 
CR11 14 2.2 
CR12 22 3.4 
CR13 15 2.3 
CR14 29 4.5 
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Point Count Location  Number of 
Observations 

Relative Abundance* 

CR15 24 3.7 
CR16 24 3.7 
CR17 25 4.0 
CR18 16 2.5 
CR42 27 4.2 
CR43 20 3.1 
CR45 26 4.0 
CR46 15 2.3 
CR47 20 3.1 
CR48 37 5.8 
CR49 44 6.8 
CR54 13 2.0 
CR55 27 4.2 
CR56 19 3.0 
CR57 16 2.5 
Total 644 100.0 

 *Relative abundance = the percentage of total small bird observations (n=644) recorded at an individual point count 
location.  

4.2.1 Species 
The 644 total small bird observations consisted of 54 species and individuals that could not be identified 
to species but were placed in two generic categories (unknown sparrow and unknown blackbird species) 
(Table 8). Western meadowlark (Sturnella neglecta) accounted for 113 of the 644 observations (17.5% of 
total observations), followed by red-winged blackbird (Agelaius phoeniceus) with 95 observations (14.7% 
of total observations), and American robin (Turdus migratorius) with 30 observations (4.7% total 
observations). Collectively, these three species accounted for 238 (36.9%) of all observations. 
SWCA recorded western meadowlark during 85 of the 232 surveys (36.6% of total surveys), followed by 
red-winged blackbird during 62 surveys (26.7% of total surveys), and American robin during 26 surveys 
(11.2% of total surveys). SWCA detected the frequency of species occurrence during the 232 small bird 
surveys, with 34 of the 55 small bird species (61.8%) observed during more than 1% of the 232 surveys 
and 21 of 55 of the small bird species (38.2%) observed during less than 1% of the 232 surveys (see 
Table 8).  
SWCA’s biologists recorded four small bird species recognized by the USFWS as BCC within the study 
area: the chestnut-collard longspur (Calcarius ornatus), grasshopper sparrow (Ammodramus 
savannarum), willow flycatcher (Empidonax traillii), red-headed woodpecker (Melanerpes 
erythrocephalus) (USFWS 2008). No observations of federally threatened red knots occurred during the 
8-month survey period.  
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Table 8. Total Small Bird Species Composition, Abundance, and Occurrence  

Small Bird Species  Abundance* Relative 
Abundance† 

Number of 
Surveys During 
Which Species 
Was Recorded 

Frequency of 
Occurrence‡ 

American goldfinch 30 4.7 25 10.8 
American robin 30 4.7 26 11.2 
American tree sparrow 7 1.1 7 3.0 
Barn swallow 30 4.7 22 9.5 
Black-billed magpie 2 0.3 2 0.9 
Brown headed cowbird 28 4.3 24 10.3 
Blue-headed vireo 1 0.2 1 0.4 
Blue jay 5 0.8 3 1.3 
Bobolink 20 3.1 14 6.0 
Brewer’s blackbird 12 1.9 12 5.2 
Brown thrasher 2 0.3 2 0.9 
Clay-colored sparrow 9 1.4 9 3.9 
Cedar waxwing 4 0.6 4 1.7 
Chestnut-collared longspur 2 0.3 2 0.9 
Chipping sparrow 6 0.9 6 2.6 
Cliff swallow 12 1.9 11 4.7 
Common grackle 14 2.2 12 5.2 
Common nighthawk 2 0.3 2 0.9 
Common yellowthroat 2 0.3 2 0.9 
Dickcissel 8 1.2 8 3.4 
Downy woodpecker 2 0.3 2 0.9 
Eastern kingbird 15 2.3 15 6.5 
European starling 8 1.2 8 3.4 
Field sparrow 3 0.5 3 1.3 
Grasshopper sparrow 23 3.6 22 9.5 
Horned lark 14 2.2 14 6.0 
House sparrow 2 0.3 2 0.9 
House wren 2 0.3 2 0.9 
Killdeer 30 4.7 26 11.2 
Lapland longspur 3 0.5 3 1.3 
Lincoln’s sparrow 1 0.2 1 0.4 
Mourning dove 16 2.5 15 6.5 
Northern flicker 3 0.5 3 1.3 
Northern Rough-wing swallow 5 0.8 5 2.2 
Orange-crowned oriole 1 0.2 1 0.4 
Orchard oriole 1 0.2 1 0.4 
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Small Bird Species  Abundance* Relative 
Abundance† 

Number of 
Surveys During 
Which Species 
Was Recorded 

Frequency of 
Occurrence‡ 

Pine warbler 1 0.2 1 0.4 
Red-headed woodpecker 1 0.2 1 0.4 
Rusty blackbird 1 0.2 1 0.4 
Red-winged blackbird 95 14.8 62 26.7 
Savannah sparrow 21 3.2 17 7.4 
Sedge wren 2 0.3 2 0.9 
Song sparrow 21 3.3 19 8.2 
Tree swallow 5 0.8 5 2.2 
Unknown sparrow spp.  3 0.5 3 1.3 
Unknown blackbird spp. 2 0.3 2 0.9 
Upland sandpiper 3 0.5 3 1.3 
Vesper sparrow 7 1.1 7 3.0 
Western kingbird 2 0.3 2 0.9 
Western meadowlark 113 17.5 85 36.6 
Willow flycatcher 1 0.2 1 0.4 
Willet 1 0.2 1 0.4 
White-rumped sandpiper 1 0.2 11 4.7 
Yellow warbler 1 0.2 1 0.4 
Yellow-headed blackbird 5 0.8 5 2.2 
Yellow-rumped warbler 3 0.5 2 0.9 
Total 644 100 195§ 84.1¶ 

* Abundance refers to the total number of observations per species or group. 
† Relative abundance is expressed as the percentage of small bird observations (n=644) recorded at an individual point count location.  
‡ Frequency is expressed as the percentage of all surveys (n=232) during which the species or group was recorded. 
§ The total number of surveys with at least one small bird observation (regardless of number of species) is 195 and is not the sum of individual 
species. 
¶ The percentage of surveys with at least one small bird observation (195 of 232 = 84.1%). 

4.2.2 Seasonality 
Table 9 provides monthly totals for the small bird species observed across all point count locations during 
the study period. The total number of small bird observations per month varied considerably between 
months, ranging from 18 to 143. The two lowest monthly totals occurred during the late-fall and winter 
period in October and November (see Table 9). No species were recorded during all 8 months of the 
survey period; however, western meadowlark, red-winged blackbird, and horned lark were recorded 
during 7 of the 8 months.  
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Table 9. Number of Small Bird Observations by Month 

Small Bird Species  2017 

Apr May Jun Jul Aug Sept Oct Nov 

American goldfinch 0 0 4 5 11 10 0 0 
American robin 4 3 4 6 7 3 3 0 
American tree sparrow 0 0 1 0 0 0 0 6 
Barn swallow 0 4 2 10 5 9 0 0 
Black-billed magpie 0 0 0 0 0 0 1 1 
Brown headed cowbird 0 6 15 7 0 0 0 0 
Blue-headed vireo 0 0 0 0 0 1 0 0 
Blue jay 0 3 2 0 0 0 0 0 
Bobolink 0 3 16 1 0 0 0 0 
Brewer’s blackbird 0 0 0 4 3 0 3 2 
Brown thrasher 0 1 0 0 1 0 0 0 
Clay-colored sparrow 0 0 1 2 2 3 1 0 
Cedar waxwing 0 0 0 0 1 1 1 1 
Chestnut-collared longspur 0 0 0 1 0 1 0 0 
Chipping sparrow 0 2 2 2 0 0 0 0 
Cliff swallow 0 2 2 6 0 2 0 0 
Common grackle 1 0 4 2 5 2 0 0 
Common nighthawk 0 0 1 1 0 0 0 0 
Common yellowthroat 0 0 1 0 0 1 0 0 
Dickcissel 0 0 1 7 0 0 0 0 
Downy woodpecker 0 0 0 0 0 1 0 1 
Eastern kingbird 0 0 2 6 7 0 0 0 
European starling 0 0 0 2 1 5 0 0 
Field sparrow 1 0 1 0 0 0 0 1 
Grasshopper sparrow 0 9 4 9 1 0 0 0 
Horned lark 1 1 4 3 1 3 0 1 
House sparrow 0 0 0 0 1 1 0 0 
House wren 0 0 0 1 0 1 0 0 
Killdeer 12 7 6 4 1 0 0 0 
Lapland longspur 1 0 0 0 0 0 0 2 
Lincoln’s sparrow 0 0 0 0 0 1 0 0 
Mourning dove 0 1 2 5 2 6 0 0 
Northern flicker 0 0 2 0 0 1 0 0 
Northern Rough-wing swallow 0 0 0 4 1 0 0 0 
Orange-crowned oriole 0 0 0 0 0 1 0 0 
Orchard oriole 0 0 0 1 0 0 0 0 
Pine warbler 0 0 0 1 0 0 0 0 
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Small Bird Species  2017 

Apr May Jun Jul Aug Sept Oct Nov 

Red-headed woodpecker 1 0 0 1 0 0 0 0 
Rusty blackbird 0 0 0 0 0 1 0 0 
Red-winged blackbird 29 29 24 5 3 2 3 0 
Savannah sparrow 0 0 6 3 2 8 2 0 
Sedge wren 0 0 1 1 0 0 0 0 
Song sparrow 1 7 3 4 5 1 0 0 
Tree swallow 0 3 2 0 0 0 0 0 
Unknown sparrow spp.  0 0 0 1 0 0 0 0 
Unknown blackbird spp. 0 0 0 0 0 4 0 0 
Upland sandpiper 0 2 1 0 0 0 0 0 
Vesper sparrow 0 2 1 2 2 0 0 0 
Western kingbird 0 0 1 1 0 0 0 0 
Western meadowlark 25 26 25 6 6 21 4 0 
Willow flycatcher 0 0 0 1 0 0 0 0 
Willet 0 0 0 0 1 0 0 0 
White-rumped sandpiper 0 0 0 0 0 1 0 0 
Yellow warbler 0 0 0 0 1 0 0 0 
Yellow-headed blackbird 0 1 2 2 0 0 0 0 
Yellow-rumped warbler 0 0 0 0 0 0 0 3 
Total species observed/month 76 112 143 116 70 91 18 18 

4.2.3 Flight Height 
The estimated flight height upon initial detection of an observation was recorded to characterize small bird 
use within the zone between 0 to 200 m aboveground, which the USFWS recognizes as a zone with 
potential for collisions between avian species and wind turbine infrastructure. Eighteen flight observations 
of the of the total 644 flight observations (2.8% of total observations) were of small birds flying in the 31 to 
200 m aboveground zone (Table 10). Most of the flight observations (625, 97.0% of total observations) 
were of small birds flying below 30 m and therefore may be considered outside the rotor-swept zone for 
wind turbine models typically used at commercial wind energy facilities (31–200 m). Only one observation 
of small birds flying above 200 m was made. 

Table 10. Number of Small Bird Observations Per Flight Height Bin 

Small Bird Species Flight Height Bin (meters) 

0–30 31–200 >200 

American goldfinch 29 1 0 
American robin 30 0 0 
American tree sparrow 7 0 0 
Barn swallow 28 1 1 
Black-billed magpie 2 0 0 
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Small Bird Species Flight Height Bin (meters) 

0–30 31–200 >200 

Brown headed cowbird 27 1 0 
Blue-headed vireo 0 1 0 
Blue jay 5 0 0 
Bobolink 20 0 0 
Brewer’s blackbird 12 0 0 
Brown thrasher 2 0 0 
Clay-colored sparrow 9 0 0 
Cedar waxwing 4 0 0 
Chestnut-collared longspur 2 0 0 
Chipping sparrow 6 0 0 
Cliff swallow 11 1 0 
Common grackle 11 3 0 
Common nighthawk 2 0 0 
Common yellowthroat 2 0 0 
Dickcissel 8 0 0 
Downy woodpecker 2 0 0 
Eastern kingbird 15 0 0 
European starling 8 0 0 
Field sparrow 3 0 0 
Grasshopper sparrow 23 0 0 
Horned lark 13 1 0 
House sparrow 0 2 0 
House wren 2 0 0 
Killdeer 30 0 0 
Lapland longspur 3 0 0 
Lincoln’s sparrow 1 0 0 
Mourning dove 16 0 0 
Northern flicker 3 0 0 
Northern Rough-wing swallow 5 0 0 
Orange-crowned oriole 1 0 0 
Orchard oriole 1 0 0 
Pine warbler 1 0 0 
Red-headed woodpecker 1 0 0 
Rusty blackbird 0 1 0 
Red-winged blackbird 95 0 0 
Savannah sparrow 20 1 0 
Sedge wren 1 1 0 
Song sparrow 20 1 0 
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Small Bird Species Flight Height Bin (meters) 

0–30 31–200 >200 

Tree swallow 5 0 0 
Unknown sparrow spp.  3 0 0 
Unknown blackbird spp. 2 0 0 
Upland sandpiper 3 0 0 
Vesper sparrow 7 0 0 
Western kingbird 2 0 0 
Western meadowlark 109 4 0 
Willow flycatcher 1 0 0 
Willet 1 0 0 
White-rumped sandpiper 1 0 0 
Yellow warbler 1 0 0 
Yellow-headed blackbird 5 0 0 
Yellow-rumped warbler 3 0 0 
Total 625 18 1 

4.2.4 Behavior and Initial Detection 
During the small bird use surveys, the biologists recorded the method by which each bird was initially 
detected (visual or aural detection) and the bird’s behavior upon initial detection. Most of the observations 
(250 of 644, or 38.8 %) were of calling individuals (Table 11). Powered flight was the next most frequently 
observed behavior, totaling 206 (32.0%) of the observations. The remaining flight categories (circle 
soaring, gliding, hovering, and soaring) accounted for one observation. Of the 644 observations, 306 
(47.5 %) were made by aural detection (e.g., singing). 

Table 11. Number and Frequency of Small Bird Observations 
Per Type of Behavior 

Behavior  Number of 
Observations 

Frequency (percent) 

Calling 250 38.8 
Copulating 0 0.0 
Circle Soaring 0 0.0 
Displaying 2 0.3 
Foraging 33 5.1 
Gliding 0 0.0 
Hovering  1 0.2 
Perched  86 13.4 
Powered flight 206 32.0 
Singing 66 10.3 
Total 644 100.0 
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4.2.5 Time of Day 
The highest average number of small bird observations by hour for the 232 small bird surveys was during 
the 1:00 p.m. hour, which averaged 4.9 small bird observations per hour. The number of observations 
across hours was slightly skewed toward the morning hours of 6:00 a.m., 7:00 a.m., and 8:00 a.m., which 
averaged 4.8, 4.4, and 4.3 observations per survey hour, respectively, during the 8-month study. The 
average number of observations was evenly distributed across the remaining hours. Table 12 presents 
the total number of observations for each hour, the number of surveys per hour, and the average number 
of observations per survey in each hour during the study period. 

Table 12. Number of Small Bird Observations and Surveys by Hour Per Month 

Month 

6
 a

.m
. 

7
 a

.m
. 

8
 a

.m
. 
 

9
 a

.m
. 
 

1
0
 a

.m
. 
 

1
1
 a

.m
. 
 

1
2
 p

.m
. 
 

1
 p

.m
. 
 

2
 p

.m
. 
 

3
 p

.m
. 
 

4
 p

.m
. 
 

5
 p

.m
. 
 

April  0 20 5 13 0 8 4 6 1 11 9 0 
May 0 18 17 7 7 13 7 21 0 12 10 0 
June 0 20 9 22 24 4 20 16 6 10 9 3 
July 19 10 13 13 5 10 6 9 14 7 7 3 
August 15 13 17 2 2 7 3 1 3 7 7 0 
September 24 17 11 11 5 4 3 0 0 10 6 0 
October 0 2 1 1 0 2 0 4 0 0 1 0 
November 0 1 4 1 1 2 4 4 0 0 0 0 
Number of 
observations per 
hour 

58 101 77 70 44 50 47 61 24 57 49 6 

Number of 
surveys per hour 12 23 18 19 12 17 18 20 8 16 16 2 

Average number 
of observations 
per survey 

4.8 4.4 4.3 3.7 3.7 2.9 2.6 4.9 3.0 3.6 3.1 3.0 

4.2.6 Vegetation Type 
Table 13 presents the dominant National Landcover Dataset (U.S. Geological Survey 2014) habitat type 
and the number of species and observations for each of the 29 100-m-radius point count locations. 
Biologists recorded approximately 25% more species (54) and made approximately 62.4% more 
observations (402) in point count locations dominated by tallgrass prairie than species (41) and 
observations (242) in survey plots located in an agricultural setting. Species richness based on habitat 
type ranged from 9 to 22 species per point count location.  

Table 13. Habitat Type, Number of Species, and Number of Observations Per 
Point Count Location 

Survey Plot Habitat Type Number of Species Number of Observations 

CR01 Tallgrass prairie 15 22 
CR02 Tallgrass prairie 22 20 
CR03 Tallgrass prairie 9 29 
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Survey Plot Habitat Type Number of Species Number of Observations 

CR04 Tallgrass prairie 10 17 
CR05 Tallgrass prairie 8 19 
CR06 Agriculture 9 11 
CR07 Agriculture 18 39 
CR08 Tallgrass prairie 10 18 
CR09 Tallgrass prairie 14 17 
CR10 Tallgrass prairie 11 18 
CR11 Agriculture 11 14 
CR12 Tallgrass prairie 14 22 
CR13 Agriculture 9 15 
CR14 Agriculture 13 29 
CR15 Tallgrass prairie 11 24 
CR16 Tallgrass prairie 12 24 
CR17 Tallgrass prairie 16 26 
CR18 Agriculture 13 16 
CR42 Agriculture 17 27 
CR43 Tallgrass prairie 12 20 
CR45 Tallgrass prairie 16 26 
CR46 Agriculture 13 15 
CR47 Agriculture 12 20 
CR48 Tallgrass prairie 15 37 
CR49 Tallgrass prairie 21 44 
CR54 Agriculture 9 13 
CR55 Agriculture 14 27 
CR56 Tallgrass prairie 9 19 
CR57 Agriculture 10 16 

Summary 
Agriculture 41 242 
Tallgrass prairie 54 402 

Forty-five of the 54 (83.3%) species had an equal or higher number of observations in tallgrass prairie 
point count locations than in agriculture locations (Table 14). Four species—rusty blackbird (Euphagus 
carolinus), unknown sparrow (Passer spp.), yellow warbler (Setophaga petechial), and yellow-rumped 
warbler (Setophaga coronate)—were observed only on agriculture-dominated point count locations; 
however, there were only eight observations total of those species. 

Exhibit A1-E

 
007289

ADMINISTRATIVE RECORD - Scan 7 - Page 142 of 149

- Page 2463 -



Avian Use Survey Report for the Proposed Crowned Ridge I Wind Facility, 
Grant and Codington Counties, South Dakota 

21 

Table 14. Number of Observations per Species per Habitat Type 

Small Bird Species 

Number of Observations  

Agriculture Tallgrass Prairie 

American goldfinch 10 20 
American robin 12 18 
American tree sparrow 2 5 
Barn swallow 17 13 
Black-billed magpie 1 1 
Brown headed cowbird 10 18 
Blue-headed vireo 0 1 
Blue jay 0 5 
Bobolink 4 16 
Brewer’s blackbird 6 6 
Brown thrasher 0 2 
Clay-colored sparrow 5 4 
Cedar waxwing 1 3 
Chestnut-collared longspur 1 1 
Chipping sparrow 0 6 
Cliff swallow 4 8 
Common grackle 7 7 
Common nighthawk 0 2 
Common yellowthroat 1 1 
Dickcissel 4 4 
Downy woodpecker 0 2 
Eastern kingbird 6 9 
European starling 5 3 
Field sparrow 2 1 
Grasshopper sparrow 3 20 
Horned lark 9 5 
House sparrow 1 1 
House wren 0 2 
Killdeer 15 15 
Lapland longspur 1 2 
Lincoln’s sparrow 0 1 
Mourning dove 10 6 
Northern flicker 1 2 
Northern Rough-wing swallow 2 3 
Orange-crowned oriole 0 1 
Orchard oriole 0 1 
Pine warbler 0 1 
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Small Bird Species 

Number of Observations  

Agriculture Tallgrass Prairie 

Red-headed woodpecker 0 1 
Rusty blackbird 1 0 
Red-winged blackbird 34 61 
Savannah sparrow 7 14 
Sedge wren 0 2 
Song sparrow 11 10 
Tree swallow 3 2 
Unknown sparrow spp.  3 0 
Unknown blackbird spp. 0 2 
Upland sandpiper 1 2 
Vesper sparrow 3 4 
Western kingbird 1 1 
Western meadowlark 33 80 
Willow flycatcher 0 1 
Willet 0 1 
White-rumped sandpiper 0 1 
Yellow warbler 1 0 
Yellow-headed blackbird 1 4 
Yellow-rumped warbler 3 0 
Total 242 402 

5 DISCUSSION 

Numerous studies have been conducted across the United States to allow for better prediction of the 
potential of avian mortality associated with wind energy facilities. Multiple variables could affect avian 
species’ risk at wind energy facilities, including vegetation type(s) and habitat suitability, overall landscape 
and geographic characteristics, avian population densities, migration paths, or a species’ use of an area. 
The objective of the avian point count surveys for this project was to characterize the activity, spatial 
distribution, and relative abundance of avian species within the study area.  

 Large Bird Use Surveys 

The large bird use survey results are summarized below: 
• SWCA conducted monthly surveys at 29 point count locations from April 1, 2017, to November 

30, 2017.  
• In all, 232 surveys were completed for a total of 13,920 survey-minutes. 
• A total of 356 large bird observations were recorded during 146 of the 232 surveys. 
• Twelve raptor species and 23 non-raptor species were recorded. 
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• Flight altitudes for 209 of the 356 observations occurred within the potential for collision zone (0–
200 m aboveground); however, 172 of the 209 observations (48.3%) occurred below 30 m 
aboveground, which is outside the typical turbine rotor-swept area (31–200 m). 

• No golden eagle, bald eagle, or unidentified eagle observations were recorded across the 29 
survey plots. Thus, no areas in the study area were identified as potential eagle high-use areas. 

• Biologists recorded four large bird species recognized by the USFWS as BCC species within the 
study area: ferruginous hawk, peregrine falcon, prairie falcon, and marbled godwit.  

• All species observed during the 8-month survey period were typical for the region and seasons.  

 Small Bird Surveys 

The small bird use survey results are summarized below:  
• SWCA conducted monthly surveys at 29 point count locations from April 1, 2017 to November 30, 

2017.  
• In all, 232 surveys were completed. 
• A total of 644 observations were recorded during 185 of the 232 surveys. 
• Fifty-five species were identified during the surveys. 
• Flight altitudes for 643 of the 644 observations occurred within the 0–200 m aboveground zone; 

however, 625 of these 643 observations (97.2%) occurred below 30 m, which is outside the 
typical turbine rotor-swept area (31–200 m).  

• Western meadowlark accounted for 113 (17.5%) of the 644 observations. Three species (western 
meadowlark, red-winged blackbird, and American robin) accounted for 238 (36.9%) of the 644 
observations. 

• The biologists recorded higher numbers of species (54 versus 41) and observations (242 versus 
402) in survey plots dominated by tallgrass prairie than in plots in an agricultural setting. 

• The biologists recorded four small bird species recognized by the USFWS as BCC within the 
study area: the chestnut-collard longspur, grasshopper sparrow, willow flycatcher, and red-
headed woodpecker.  

• All species observed during the 8-month survey period were typical for the region and seasons.  
  

Exhibit A1-E

 
007292

ADMINISTRATIVE RECORD - Scan 7 - Page 145 of 149

- Page 2466 -



Avian Use Survey Report for the Proposed Crowned Ridge I Wind Facility, 
Grant and Codington Counties, South Dakota 

24 

6 LITERATURE CITED 

Strickland, M.D., E.B. Arnett, W.P. Erickson, D.H. Johnson, G.D. Johnson, M.L. Morrison, J.A. Shaffer, 
and W. Warren-Hicks. 2011. Comprehensive Guide to Studying Wind Energy/Wildlife 
Interactions. Prepared for the National Wind Coordinating Collaborative, Washington, D.C. 

U.S. Fish and Wildlife Service. 2008. Birds of Conservation Concern 2008. U.S. Department of Interior, 
Fish and Wildlife Service, Division of Migratory Bird Management, Arlington, Virginia.  

———. 2012. Land-Based Wind Energy Guidelines. Wind Turbine Guidelines Advisory Committee. U.S. 
Department of the Interior, U.S. Fish and Wildlife Service, Washington, D.C. 

———. 2013. Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy, Version 2. U.S. 
Department of the Interior, U.S. Fish and Wildlife Service, Division of Migratory Bird 
Management, Washington, D.C. 

———. 2018. Information, Planning, and Consultation System (IPAC System). https://www.fws.gov/ipac/. 
Accessessed October 2018.  

U.S. Geological Survey. 2014. National Land Cover Dataset. 
https://gapanalysis.usgs.gov/gaplandcover/data/download.  Accessed October 2018.  

Exhibit A1-E

 
007293

ADMINISTRATIVE RECORD - Scan 7 - Page 146 of 149

- Page 2467 -



Bat Habitat Assessment,  
Proposed Crowned Ridge I Wind 
Facility, Grant and Codington 
Counties, South Dakota 
NOVEMBER 2018 

PREPARED FOR 

Crowned Ridge Wind, LLC 

PREPARED BY 

SWCA Environmental Consultants 

Exhibit A1-F

 
007294

ADMINISTRATIVE RECORD - Scan 7 - Page 147 of 149

- Page 2468 -



 

 

 

Exhibit A1-F

 
007295

ADMINISTRATIVE RECORD - Scan 7 - Page 148 of 149

- Page 2469 -



 

 

BAT HABITAT ASSESSMENT, 
PROPOSED CROWNED RIDGE I WIND FACILITY,  

GRANT AND CODINGTON COUNTIES, SOUTH DAKOTA 

 
 
 
 
 
 
 
 
 

Prepared for 
Crowned Ridge Wind, LLC 

700 Universe Boulevard 
Juno Beach, Florida 33408 

 
 
 
 
 
 
 
 
 

Prepared by 
SWCA Environmental Consultants 

116 North 4th Street, Suite 200 
Bismarck, North Dakota 58501 

(701) 258-6622 
www.swca.com 

 
 
 

SWCA Project No. 44511 
 
 
 
 
 
 
 
 
 

November 2018 

Exhibit A1-F

 
007296

ADMINISTRATIVE RECORD - Scan 7 - Page 149 of 149

- Page 2470 -



 

 

 

Exhibit A1-F

 
007297

ADMINISTRATIVE RECORD - Scan 8 - Page 1 of 299

- Page 2471 -



Bat Habitat Assessment: Proposed Crowned Ridge I Wind Facility, Grant and Codington Counties, South Dakota 

i 

CONTENTS 

1 Introduction ........................................................................................................................................... 1 
1.1 Project Overview ........................................................................................................................... 1 
1.2 Environmental Setting ................................................................................................................... 1 

2 Bats of south dakota ............................................................................................................................ 3 
2.1 Species of Conservation Concern ................................................................................................ 3 

3 Habitat availability ................................................................................................................................ 5 
4 Conclusion .......................................................................................................................................... 12 
5 Literature Cited ................................................................................................................................... 14 
 
 

Figures 

Figure 1. Location of the study areas. ........................................................................................................... 2 
Figure 2. Aerial photography within the study areas. .................................................................................... 6 
Figure 3. USGS land cover within the study areas. ...................................................................................... 7 
Figure 4. Water resources within the study areas. ....................................................................................... 9 
Figure 5. Forest patch size analysis within the study areas, indicating areas of suitable northern 

long-eared bat habitat. ............................................................................................................. 10 
Figure 6. Karst geology within the study areas. .......................................................................................... 11 
 
 

Tables 

Table 1. Ecology and Distribution of Bat Species with Potential to Occur in Grant and Codington 
Counties, South Dakota ............................................................................................................. 4 

Table 2. Land Cover Classifications within the Wind Array Study Area, Grant and Codington 
Counties, South Dakota ............................................................................................................. 5 

Table 3. Land Cover Classifications within the Transmission Line Study Area, Grant and Codington 
Counties, South Dakota ............................................................................................................. 5 

Table 4. Habitat Availability and Suitability, and Seasonal Likelihood of Occurrence for Bats with 
Potential to Occur within the Study Areas, Grant and Codington Counties, South 
Dakota ...................................................................................................................................... 12 

 

Exhibit A1-F

 
007298

ADMINISTRATIVE RECORD - Scan 8 - Page 2 of 299

- Page 2472 -



Bat Habitat Assessment: Proposed Crowned Ridge I Wind Facility, Grant and Codington Counties, South Dakota 

1 
  

1 INTRODUCTION 

1.1 Project Overview 

Crowned Ridge Wind, LLC, an indirect, wholly-owned subsidiary of NextEra Energy Resources, LLC, 
plans to develop an approximately 300-megawatt (MW) wind facility known as the Crowned Ridge I Wind 
Energy Facility (the project) in Grant and Codington Counties, South Dakota (see project boundary, 
Figure 1). The project will produce energy sold to Xcel Energy through a Power Purchase Agreement. A 
new transmission line will be constructed to connect the wind facility to Otter Tail Power’s Big Stone 
South 230-kilovolt (kV) substation near Big Stone City, South Dakota (Figure 1). For the purposes of this 
assessment, the wind array study area consists of 58,548 acres, and the transmission line study area 
consists of the center line of the proposed route with a 150-foot buffer, plus a 200-foot buffer at all turns 
(Figure 1). Construction of the Crowned Ridge 1 project is anticipated to commence in early 2019, and 
the project is scheduled to achieve commercial operation at or before the end of 2019. 
The purpose of this report is to assess the availability and suitability of bat habitat within the study areas, 
to determine the potential for presence of state-listed and federally listed bat species, and to provide 
context for regulations relative to those species. 

1.2 Environmental Setting 

Ecoregions are delineated based upon the continuity of natural resource availability, vegetation 
communities, and other factors (Bryce et al. 1998). The U.S. Environmental Protection Agency and the 
Commission for Environmental Cooperation (CEC) defined a hierarchy of ecoregions at various scales, 
with Level I ecoregions being the coarsest level defined at the global scale, through Level III at the 
national scale (CEC 1997). Bryce et al. (1998) defined smaller Level IV ecoregions at a regional scale 
within the Level III ecoregions for the states of North Dakota and South Dakota. 
The project is located within the Level IV Prairie Coteau, Prairie Coteau Escarpment, and Big Sioux Basin 
ecoregions, which are subdivisions of the Level III Northern Glaciated Plains ecoregion (Bryce  
et al. 1998). The Prairie Coteau ecoregion resulted from stagnant glacial ice melting beneath a layer of 
sediment, and is dominated by tightly undulating, hummocky landscape with no drainage pattern. There 
are large chains of lakes and scattered semi-permanent or seasonal wetlands (Bryce et al. 1998).  
The Prairie Coteau Escarpment is a small but unique ecosystem rising from the Missouri River valley  
to the Prairie Coteau. The elevation, broken topography, and precipitation patterns provide for deciduous 
forests along riparian corridors, and streams provide habitats and oxygenated water unique to this area of 
eastern South Dakota (Bryce et al. 1998). The Big Sioux Basin ecoregion is within the surrounding Prairie 
Coteau ecoregion and differs from that region in that it has a well-defined drainage network and gentler 
topography (Bryce et al. 1998). 
  

Exhibit A1-F

 
007299

ADMINISTRATIVE RECORD - Scan 8 - Page 3 of 299

- Page 2473 -



Bat Habitat Assessment: Proposed Crowned Ridge I Wind Facility, Grant and Codington Counties, South Dakota 

2 
  

 
Figure 1. Location of the study areas.  
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2 BATS OF SOUTH DAKOTA 

Several sources were reviewed to identify bat species with potential to occur within Grant and Codington 
Counties, South Dakota, including the South Dakota Bat Working Group; the South Dakota Department of 
Game, Fish, and Parks (SDGFP) South Dakota Wildlife Action Plan (SDWAP; SDGFP 2014); the 
Annotated Checklist of Bats from South Dakota (Jones and Genoways 1967); NatureServe (Hammerson 
2015a–d); and the Guide to Mammals of the Plains States (Jones et al. 1985) (Table 1). The U.S. Fish 
and Wildlife Service (USFWS) Threatened and Endangered Species List; the Threatened, Endangered, 
and Candidate Species list of South Dakota; and the SDWAP were cross-referenced with the list of bat 
species with potential to occur within Grant and Codington Counties to identify 1) state-listed or federally 
listed species, and 2) species described in the SDWAP as having established, state-specific, non-
regulatory conservation recommendations. 

2.1 Species of Conservation Concern 

For the purposes of this assessment, “species of conservation concern” is defined as those that are 
currently listed as threatened or endangered at the State or Federal level and those that are listed in the 
South Dakota Wildlife Action Plan (SDWAP).  
The northern long-eared bat was listed as a threatened species with a 4(d) rule on April 2, 2016 (USFWS 
2016) and is the only currently federally listed species with potential to occur within the study areas. 
However, USFWS confirmed that there are no known northern long-eared bat hibernacula or maternity 
roost trees in Grant and Codington Counties. Additionally, based on their records, USFWS stated that 
while the species could occur in these counties, it is likely to only be a migrant, rather than a resident 
species (USFWS personal communication, 2018).  
The northern long-eared bat 4(d) rule includes take prohibitions for specific activities in specific 
geographic areas. Purposeful take of northern long-eared bats without a permit is prohibited throughout 
the range of the species; however, incidental take without a permit is prohibited only within the “White-
Nose Syndrome Zone.” The White-Nose Syndrome Zone is defined as all counties within 150 miles of a 
confirmed white-nose syndrome-positive county; the study areas are within the White-Nose Syndrome 
Zone (USFWS 2016). Within the White-Nose Syndrome Zone, tree-clearing activities that occur in June or 
July and within 150 feet of a known maternity roost tree, and that result in incidental take without a permit, 
are prohibited. Incidental take without a permit that results from tree-clearing activities within 0.25 mile of 
a known northern long-eared bat hibernaculum at any time of year also is prohibited. There currently is no 
prohibition of incidental take of northern long-eared bats that results from operation of a wind energy 
generation facility. 
The SDWAP includes the northern long-eared bat and silver-haired bats (Lasionycteris noctivagans) as 
“species of greatest conservation need” indicating that they are “species with characteristics that make 
them vulnerable” (SDGFP 2014). The SDWAP is an assessment of South Dakota's fish and wildlife and 
associated habitat that provides conservation measures for long-term preservation of species of 
conservation concern (SDGFP 2014). The intent of the plan is to foster voluntary partnerships between 
governmental agencies, tribes, organizations, and private entities to help prevent fish and wildlife from 
becoming endangered. Listing on the SDWAP does not convey any regulatory status or authority.  
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Table 1. Ecology and Distribution of Bat Species with Potential to Occur in Grant and Codington Counties, South Dakota 

Common Name Scientific Name Status Species Ecology 

Red bat Lasiurus borealis - Red bats are a common species throughout their range and are found throughout South Dakota in both coniferous and 
deciduous forested areas (Jones and Genoways 1967). It is hypothesized that red bats migrate to South Dakota in April 
and leave the state in late August or early September (Swier 2003). 

Silver-haired bat Lasionycteris 
noctivagans 

State:  
Rare, SDWAP* 

Silver-haired bats are relatively uncommon throughout their range and erratically distributed (Kunz 1982). Jones and 
Genoways (1967) suggested the silver-haired bat was a migrant only; however, Swier (2003) captured individuals in 
July, showing that some are likely summer residents. The species roosts in trees under bark, in cavities, and snags 
(Mattson et al. 1996), typically in cottonwood forests in eastern South Dakota (Swier 2003). Silver-haired bats migrate 
great distances in spring and early fall (Kunz 1982). 

Hoary bat Lasiurus cinereus - Hoary bats are South Dakota's largest bats and are widespread, though usually not found in great densities (Jones and 
Genoways 1967; Shump and Shump 1982). Hoary bats roost in trees generally near a water source (Swier 2003) and 
forage at higher altitude, relative to other bat species. The species migrates south for the winter, leaving in late August 
and returning in early June (Turner 1974). 

Northern long-
eared bat 

Myotis 
septentrionalis 

Federal: 
Threatened 
State:  
Rare, SDWAP* 

Within South Dakota, the northern long-eared bat is likely restricted to large, riparian forests along the Missouri River 
(Swier 2003). USFWS considers the species potentially present state-wide, however there are no records of the species 
from Grant, Codington, or the adjacent counties (USFWS personal communication 2018). Typically found near water and 
dense forest conditions, both coniferous and riparian; roost sites consist of exfoliating bark and tree cavities, open 
buildings, and caves or mines; winter hibernacula are frequently caves or mines (SDGFP 2014). During the summer, 
northern long-eared bats roost in trees with cracks, crevices, or exfoliating bark, and human-made structures (USFWS 
2016). The species hibernates in caves or cave-like structures during the winter (USFWS 2016). 

Little brown bat Myotis lucifugus - Little brown bats are considered a common species and a generalist capable of exploiting many habitats. The species  
is historically commonly found throughout South Dakota (Higgins et al. 2000; Jones et al. 1985). Foraging and roosting 
areas are selected opportunistically (Fenton and Barclay 1980), though deciduous forests and urban areas appear to 
support the species more often (Swier 2003). Little brown bat roosts include human-made structures, trees, caves, and 
mines (Fenton and Barclay 1980) and the species forages over water (Swier 2003). The species migrates between 
summer maternity grounds and hibernacula in spring and fall (Fenton and Barclay 1980). 

Big brown bat Eptesicus fuscus - Big brown bats are common throughout nearly all of the United States, including South Dakota (Nowak and Paradiso 
1983). Though forested areas are frequently used as foraging and roosting habitat, the big brown bat has become 
closely associated with urban areas and roosts in human-made structures (Nowak and Paradiso 1983). It is 
hypothesized that big brown bats summer in eastern South Dakota and migrate west to hibernate, though Swier (2003) 
recorded big brown bats in eastern South Dakota year-round. 

* SDWAP: Species is addressed in the South Dakota Wildlife Action Plan. 
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3 HABITAT AVAILABILITY 

The wind array study area and transmission line study area consist of 58,548 and 689 acres of primarily 
herbaceous and cultivated crop landcover, respectively. Topography is gently rolling, with more hills 
towards the eastern edge. Aerial photography and the National Land Cover Dataset (NLCD) (Homer et al. 
2015) were used to determine the quantities and distribution of land cover types within the study areas 
(Tables 2 and 3; Figures 2 and 3).  

Table 2. Land Cover Classifications within the Wind Array Study Area, Grant and Codington 
Counties, South Dakota 

Land Cover Type Area (acres) Percent Composition 

Herbaceous 26,763.93 45.71% 
Cultivated Crops 22,054.20 37.67% 
Hay/Pasture 5,967.38 10.19% 
Developed, Open Space 1,860.80 3.18% 
Emergent Herbaceous Wetlands 918.17 1.57% 
Deciduous Forest 374.35 0.64% 
Open Water 282.95 0.48% 
Developed, Medium Intensity 198.25 0.34% 
Developed, Low Intensity 47.35 0.08% 
Shrub/Scrub 37.36 0.06% 
Developed, High Intensity 24.50 0.04% 
Woody Wetlands 15.65 0.03% 
Barren Land 1.88 <0.01% 
Evergreen Forest 1.33 <0.01% 
Total 58,548.10 100.00% 

Table 3. Land Cover Classifications within the Transmission Line Study Area, Grant and 
Codington Counties, South Dakota 

Land Cover Type Area (acres) Percent Composition 

Cultivated Crops 302.18 43.83% 
Developed, Open Space 141.81 20.57% 
Herbaceous 131.56 19.08% 
Hay/Pasture 74.45 10.80% 
Emergent Herbaceous Wetlands 21.35 3.10% 
Deciduous Forest 8.04 1.17% 
Open Water 5.43 0.79% 
Developed, Low Intensity 3.82 0.55% 
Shrub/Scrub 0.81 0.12% 
Woody Wetlands 0.01 <0.01% 
Total 689.47 100.00% 
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Figure 2. Aerial photography within the study areas. 
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Figure 3. USGS land cover within the study areas. 
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The National Wetlands Inventory (USFWS 2012) and National Hydrography Dataset (U.S. Geological 
Survey [USGS] 2009) were reviewed to determine the quantity and distribution of water sources and 
suitable foraging areas throughout the study areas (Figure 4). There are several wetlands and other 
waterbodies throughout the study areas, though the numerous large lakes present in this region are 
primarily outside of the study areas. Streams within the study areas are generally small, headwater 
streams. These waterbodies can provide foraging grounds and water resources for all bat species. 
However, when compared to the water resources available outside of the study areas, there are overall 
fewer and smaller features available within the study areas. 
Overall, forested area is extremely limited within the study areas. According to NLCD, forested area 
(deciduous forest, woody wetlands, and evergreen forest) comprises only 391.33 acres, or 0.67 percent  
of the wind array study area, and 8 acres, or 1.2 percent, within the transmission line study area. These 
areas consist primarily of tree lines, small woodlots, and minimal riparian corridors. Forested areas are 
small and fragmented throughout the study areas. This lack of forested area reduces the availability of 
summer habitat for forest-dwelling bat species. Each of the species with potential to occur within the 
study areas are considered forest-dwelling species, though they exist on a spectrum of facultative to 
obligate forest species. The big brown bat and little brown bat are well-adapted to urban settings and are 
likely to roost in human-made structures, though they naturally roost and forage in forested habitat; the 
red bat, silver-haired bat, and hoary bat are able forage in urban settings, but they roost in forested 
habitat; and the northern long-eared bat is a forest obligate species that roosts and forages almost 
exclusively in forested habitat.  
Beyond being forest-obligate species, northern long-eared bats are considered a forest interior species. 
White et al. (2017) noted that the species rarely forages more than a few meters away from forest edges, 
indicating that they are unlikely to use open areas. A study of northern long-eared bats within a managed 
forest in West Virginia found that this species forages in areas with forest patch sizes between 114 and 
161 acres (Owen et al. 2003). Research conducted in Michigan and Prince Edward Island, Canada, 
within a landscape dominated by agricultural activity showed that northern long-eared bats may use 
woodlots as small as 15 acres (Foster and Kurta 1999; Henderson and Broders 2008).  
For the purposes of this assessment, NLCD land cover data was combined with a manual review of aerial 
photography to identify forested areas mis-identified by NLCD. Forest patches smaller than 15 acres were 
considered unsuitable for northern long-eared bats. Forest patches between 15 and 114 acres were 
considered suitable and of moderate quality, and forest patches greater than 114 acres were considered 
suitable and of high quality. Using these criteria, 815 acres of forested habitat is unsuitable for use by 
northern long-eared bats, 246 acres of forested habitat is of moderate quality for northern long-eared 
bats, and 341 acres of forested habitat is of high quality for northern long-eared bats within the wind array 
study area (Figure 5). Thirteen acres of forested habitat is unsuitable for use by northern long-eared bats, 
21 acres of forested habitat is of moderate quality for northern long-eared bats, and 9 acres of forested 
habitat is of high quality for northern long-eared bats within the transmission line study area (see Figure 
5).  
Three of the six bat species that may be present within the study areas hibernate in caves or cave-like 
structures during the winter. SWCA Environmental Consultants (SWCA) reviewed cave and karst 
mapping to determine the likelihood of such features occurring within the study areas. There is a slim 
band of carbonate that runs through the eastern portion of the wind array study area, and an additional 
two thin bands crossed by the transmission line study area (Figure 6). These areas are underlain by 
minerals that are prone to cave formation; however, no caves were identified during the desktop analysis. 
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Figure 4. Water resources within the study areas.  
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Figure 5. Forest patch size analysis within the study areas, indicating areas of suitable northern 
long-eared bat habitat.  
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Figure 6. Karst geology within the study areas. 
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4 CONCLUSION  

For bats with potential to occur within Grant and Codington Counties, SWCA cross-referenced species 
requirements with availability of suitable habitat for each species, reviewed occurrence records, and 
coordinated with USFWS to determine seasonal likelihood of occurrence for each species (Table 4).  
The only federally listed species with potential to occur within the study areas is the northern long-eared 
bat. There is limited suitable habitat for the northern long-eared bat within the study areas, typically in the 
form of wooded riparian corridors, small woodlots, and isolated forest patches. The habitat available 
within the study areas is similar in availability and density to the surrounding landscape, indicating that 
there is no regionally unique habitat that could serve as an attractant for northern long-eared bats to the 
study areas.  
The USFWS has stated that there is very low likelihood of northern long-eared bats occurring within the 
study areas as a summer resident. There is potential for the northern long-eared bat to occur within the 
study areas as a migrant during the spring and fall, though migration behavior of the species is poorly 
understood.  
The northern long-eared bat currently is listed as a threatened species. However, due to the 4(d) rule, 
there is no prohibition on incidental take that results from operation of a wind energy generation facility. 
There are prohibitions on unpermitted incidental take that result from tree clearing in certain areas at 
certain times of year. However, because there are no known maternity roost trees or hibernacula within 
Grant and Codington Counties, those restrictions would not apply to construction of this project.  

Table 4. Habitat Availability and Suitability, and Seasonal Likelihood of Occurrence for Bats with 
Potential to Occur within the Study Areas, Grant and Codington Counties, South Dakota 

Common 
Name 

Likelihood of 
Occurrence 

Habitat Availability/Suitability in the Study Areas 
Seasonal Likelihood of Occurrence 

Spring Summer Fall Winter 

Red bat High There is limited forested habitat within the study areas. 
However, red bats are generalists and common 
throughout their range and may be present as summer 
residents and as seasonal migrants. Though there is a 
high likelihood of occurrence, the lack of habitat is 
likely to limit summer resident population size.  

High High High Very Low 

Silver-
haired bat 

Medium Silver-haired bats are distributed sporadically 
throughout their range. Available data indicate that 
summer residents in the region are uncommon, though 
population distribution throughout their range is poorly 
studied. Summer habitat is limited within the study 
areas. However, the species may migrate through the 
study areas in the spring and fall.  

Moderate Low Moderate Very Low 

Hoary bat High There is limited suitable habitat within the study areas. 
However, hoary bats have a large home range and 
can forage over great distances each night.  
The species may occur in the study areas as summer 
residents and as seasonal migrants. Though there is a 
high likelihood of occurrence, the lack of habitat is 
likely to limit summer resident population size. 

High High High Very Low 
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Common 
Name 

Likelihood of 
Occurrence 

Habitat Availability/Suitability in the Study Areas 
Seasonal Likelihood of Occurrence 

Spring Summer Fall Winter 

Northern 
long-eared 
bat 

Low The study areas are within the range of the northern 
long-eared bat, but publicly available data indicate that 
the species has not been documented in Grant or 
Codington Counties. Coordination with USFWS 
determined that northern long-eared bats are 
considered a potential migrant in this region of South 
Dakota, with very low likelihood of summer residency. 
Records suggest that the species is limited to the 
southern reaches of the Missouri River and the Black 
Hills within South Dakota. Additionally, suitable habitat 
for northern long-eared bats is extremely limited within 
the study areas. The species may occur in the study 
areas during spring and fall as a migrant, is very 
unlikely to be present as a summer resident. There is 
little potential for suitable winter habitat to occur within 
the study areas. If such habitat is available, individuals 
typically remain underground for the duration of the 
season, and therefore do not have potential to occur 
on the landscape.  

Low Very Low Low None 

Little 
brown bat 

Medium There is limited natural habitat within the study areas, 
though the species is well adapted to developed areas 
and human-made structures. However, eastern little 
brown bat populations have declined precipitously due 
to white-nose syndrome, limiting the likelihood of 
presence of this species within the study areas.  

Low Low Low None 

Big brown 
bat 

High Big-brown bats are common throughout their range. 
Though there is limited natural habitat available within 
the study areas, their adaptation to live in developed 
areas and within human-made structures increases 
their likelihood of presence. This species is likely able 
to use the barns, houses, and other human-made 
structures available throughout the study areas.  

High High High Moderate 
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 INTRODUCTION 

1.1 Project Overview 

Crowned Ridge Wind, LLC, an indirect, wholly-owned subsidiary of NextEra Energy Resources, LLC, 
plans to develop an approximately 300-megawatt (MW) wind facility known as the Crowned Ridge I Wind 
Energy Facility (the project) in Grant and Codington Counties, South Dakota (see project boundary, 
Figure 1). The project will produce energy sold to Xcel Energy through a Power Purchase Agreement. A 
new transmission line will be constructed to connect the wind facility to Otter Tail Power’s Big Stone 
South 230-kilovolt (kV) substation near Big Stone City, South Dakota (Figure 1). Construction is 
anticipated to commence in early 2019, and the project is scheduled to achieve commercial operation on 
or before the end of 2019.  
The U.S. Fish and Wildlife Service (USFWS) has developed voluntary guidance that includes measures 
intended to address potential concerns to bird and bat species as related to wind energy facilities. This 
voluntary guidance is outlined in the Land-Based Wind Energy Guidelines (WEGs) (USFWS 2012). 
Crowned Ridge Wind, LLC requested that SWCA Environmental Consultants (SWCA) conduct long-term, 
passive monitoring acoustic bat surveys in 2017. The purpose of this report is to document the methods 
and results of acoustic bat studies within a 58,548-acre study area (Figure 1) in consideration of the 
WEGs.  

 SITE CHARACTERIZATION 

2.1 Environmental Setting 

Ecoregions are delineated based on the continuity of natural resource availability, vegetation 
communities, and other factors (Bryce et al. 1998). The U.S. Environmental Protection Agency and the 
Commission for Environmental Cooperation (CEC) defined a hierarchy of ecoregions at various scales, 
with Level I ecoregions being the coarsest level defined at the global scale, through Level III at the 
national scale (CEC 1997). Bryce et al. (1998) defined smaller Level IV ecoregions at a regional scale 
within the Level III ecoregions for the states of North and South Dakota.  
The project is located within the Level IV Prairie Coteau and Big Sioux Basin ecoregions, which are 
subdivisions of the Level III Northern Glaciated Plateau ecoregion (Bryce et al. 1998). The Prairie Coteau 
ecoregion resulted from stagnant glacial ice melting beneath a layer of sediment, and it is dominated by a 
tightly undulating, hummocky landscape with no drainage pattern. This ecoregion has large chains of 
lakes and scattered semi-permanent or seasonal wetlands (Bryce et al. 1998). The Big Sioux Basin 
ecoregion is within the surrounding Prairie Coteau ecoregion and differs from that region in that it has a 
well-defined drainage network and gentler topography (Bryce et al. 1998).  
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Figure 1. General location of the proposed project showing acoustic detector unit locations.  
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 METHODS 

Most bats emit vocalizations (calls) and interpret the echo patterns (a system called echolocation) for 
orientation and for catching prey in complete darkness (Griffin 1944). These echolocation calls may range 
from 11 kilohertz (kHz) to 212 kHz (Fenton and Bell 1981; Fullard and Dawson 1997). The 
implementation of devices that can detect and record sounds upward of 200 kHz has become a useful 
and economically feasible tool for monitoring bats at wind energy facilities (Arnett et al. 2008). 

3.1 Desktop Review 

Several sources were reviewed to identify bat species with potential to occur within Grant and Codington 
Counties, South Dakota. These are as follows: 

• South Dakota Bat Working Group  
• South Dakota Game, Fish and Parks (SDGFP) South Dakota Wildlife Action Plan (SDWAP; 

SDGFP 2014)  
• Annotated Checklist of Bats from South Dakota (Jones and Genoways 1967)  
• NatureServe (Hammerson 2015a–d)  
• Guide to Mammals of the Plains States (Jones et al. 1985) 

The USFWS threatened and endangered species list (USFWS 2017); the threatened, endangered, and 
candidate species list of South Dakota (SDGFP 2017); and the SDWAP (SDGFP 2014) were cross 
referenced with the list of bat species with potential to occur within Grant and Codington Counties to 
identify currently protected species; and those with established, state-specific conservation 
recommendations. This analysis was narrowed down to include those species that may be present in the 
study area.  

3.2 Field Survey 

3.2.1 Acoustic Detectors 
Although zero-crossing recording methods, which record the frequency of the single loudest soundwave 
detected, have historically been the standard in the field of bat acoustic monitoring, new technology 
allows for recording the full spectrum of sound created when a bat echolocates. The Song Meter 
SM4BAT FS (SM4) developed by Wildlife Acoustics is a bat detection system that uses a broadband 
microphone and data storage unit to detect and record ultrasonic sounds in the full spectrum. However, 
the conventional wisdom within the field, and in SWCA’s experience, is that although recording in full 
spectrum collects the best data, processing and analysis in zero-crossing format yield the most accurate 
results. Therefore, all full-spectrum call files were converted into zero-crossing files prior to analysis. 
Two SM4 units (SD2 compact flash units, Wildlife Acoustics) were installed in the study area: CR1-A and 
CR1-B (see Figure 1, Table 1). The locations of the SM4 units were determined by initial project 
meteorological (met) tower placement and habitat distribution on properties to which legal access had 
been obtained, and the units were spaced to provide maximum coverage of habitat types within the study 
area.  

Exhibit A1-G

 
007322

ADMINISTRATIVE RECORD - Scan 8 - Page 26 of 299

- Page 2496 -



Pre-Construction Bat Acoustic Study: Proposed Crowned Ridge I Wind Facility, 
Grant and Codington Counties, South Dakota 

 4 

Table 1. SM4 Unit Locations (latitude, longitude, height) within the Crowned 
Ridge I Study Area 

Unit Latitude Longitude Approximate  
Height (m) 

CR1-A 45.160311 -96.971421 4 
CR1-B 45.026333 -96.828580 50 

Unit CR1-A was placed on a project met tower by climbing a ladder and securing the microphone to the 
tower at a height of approximately 4 meters (m) above ground. The microphone was connected to the 
SM4 unit with a microphone cable, and the SM4 unit was secured to the tower. Unit CR1-B’s microphone 
was elevated to approximately 50 m on a met tower using a preinstalled pulley system. The unit was 
similarly secured to the base of the met tower and connected using a 50-m cable. These locations were 
representative of the larger region and the study area, which is primarily dominated by herbaceous cover-
types such as row-crops, pasture, hay, and native prairie. SM4 unites were set to record bat activity at 
least 30 minutes before sunset and through the night until at least 30 minutes after sunrise the following 
day. The units began collecting data on April 6, 2017, and concluded on November 29 and December 1, 
2017, for CR1-A and CR1-B, respectively. CR1-B experienced equipment malfunction and did not record 
between October 27 and November 8, 2017, likely because of extremely low temperature.  

3.2.2 Acoustic Analysis 
SWCA used Kaleidoscope, BCID, and Analook analysis software to calculate the number of “bat passes.” 
A bat pass is defined as a sequence of echolocation calls that are separated by greater than 1 second 
(O’Farrell et al. 1999; White and Gehrt 2001). A bat pass is a commonly used metric for interpreting bat 
activity at a site; however, the number of bat passes cannot be translated into the abundance of bats, 
because a single bat foraging near a bat detector can record multiple passes. 
Bat species produce echolocation calls based on their ecological niche requirements, which may demand 
different frequency bandwidth, call note duration, and other characteristics. These parameters can be 
assessed in the sonograms to facilitate species identification. However, intraspecific variation based on 
confounding factors (e.g., habitat, presence of other bats) can make species identification difficult or 
impossible (Barclay and Brigham 2004), with Myotis bat species generally recognized as being the most 
difficult to differentiate. Furthermore, the microphones cannot discriminate between bat calls and other 
ultrasonic sounds (e.g., rain, insects, electrical or mechanical [collectively called noise]). Therefore, post-
survey data analysis also includes separating files with bat calls from files containing noise. 
Bat passes were then identified to species, when possible. Many species have similar, overlapping 
echolocation signatures, and bat calls can vary depending on habitat or activity; therefore, species 
differentiation is not always possible (Barclay 1999), particularly when only portions of the calls are 
recorded. As a result, SWCA categorized unidentifiable calls according to high and low frequency groups 
(≥ 35 kilohertz [kHz] and < 35 kHz, respectively; Table 2).  

Table 2. Bat Species Comprising Probable Frequency Groups in the Crowned Ridge I Study Area 

Low Frequency Group  (< 35 kHz) High Frequency Group  (≥ 35 kHz) Myotis Species 

Hoary bat (Lasiurus cinereus)  Eastern red bat (Lasiurus borealis) Northern long-eared bat (Myotis 
septentrionalis) 

Silver-haired bat (Lasionycteris 
noctivagans)  

– Little brown bat (Myotis lucifugus) 

Big brown bat (Eptesicus fuscus) – – 
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 RESULTS 

4.1 Desktop Review 

Using the sources outlined in section 3.1, Table 3 presents those bat species that are likely to occur in the 
study area.   

Table 3. Ecology and Distribution of Bat Species Likely to Occur in Codington and Grant Counties 

Common Name Scientific Name Status Species Ecology 

Red bat Lasiurus borealis – Red bats are a common species throughout their range and are 
found throughout South Dakota in both coniferous and deciduous 
forested areas (Jones and Genoways 1967). It is hypothesized 
that red bats migrate to South Dakota in April and leave the state 
in late August or early September (Swier 2003).  

Silver-haired bat Lasionycteris 
noctivagans 

State: rare, 
SDWAP* 
  

Silver-haired bats are relatively uncommon throughout their range 
and erratically distributed (Kunz 1982). Jones and Genoways 
(1967) suggest the silver-haired bat is a migrant only; however, 
Swier (2003) captured individuals in July, showing that some are 
likely summer residents. The species roosts in trees under bark, in 
cavities, and snags (Mattson et al. 1996), typically in cottonwood 
forests in eastern South Dakota (Swier 2003). Silver-haired bats 
migrate great distances in spring and early fall (Kunz 1982).  

Hoary bat Lasiurus cinereus – Hoary bats are South Dakota's largest bats and are widespread, 
though they are usually not found in great densities (Jones and 
Genoways 1967; Shump and Shump 1982). Hoary bats roost in 
trees generally near a water source (Swier 2003) and forage at 
higher altitude, relative to other bat species. The species migrates 
south for the winter, leaving in late August and returning in early 
June (Turner 1974).  

Northern long-
eared bat 

Myotis 
septentrionalis 

Federal: 
threatened 
State: rare, 
SDWAP* 

Within South Dakota, the northern long-eared bat is likely 
restricted to large, riparian forests along the Missouri River (Swier 
2003). USFWS considers the species potentially present state-
wide, however there are no records of the species from Grant, 
Codington, or the adjacent counties (USFWS personal 
communication 2018). The species is typically found near water 
and dense forest conditions, both coniferous and riparian; roost 
sites consist of exfoliating bark and tree cavities, open buildings, 
and caves or mines; winter hibernacula are frequently caves or 
mines (SDGFP 2014). During the summer, northern long-eared 
bats roost in trees with cracks, crevices, or exfoliating, as well as 
human-made structures (USFWS 2016). The species hibernates 
in caves or cave-like structures during the winter (USFWS 2016).  

Little brown bat Myotis lucifugus – Little brown bats are considered a common species and a 
generalist capable of exploiting many habitats. The species is 
historically commonly found throughout South Dakota (Higgins et 
al. 2000; Jones et al. 1985). Foraging and roosting areas are 
selected opportunistically (Fenton and Barclay 1980), though 
deciduous forests and urban areas appear to support the species 
more often (Swier 2003). Little brown bat roosts include human-
made structures, trees, caves, and mines (Fenton and Barclay 
1980) and forage over water (Swier 2003). The species migrates 
between summer maternity grounds and hibernacula in spring and 
fall (Fenton and Barclay 1980).  
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Common Name Scientific Name Status Species Ecology 

Big brown bat Eptesicus fuscus – Big brown bats are common throughout nearly all of the United 
States, including South Dakota (Nowak and Paradiso 1983). 
Though forested areas are frequently used as foraging and 
roosting habitat, the big brown bat has become closely associated 
with urban areas and roosts in human-made structures (Nowak 
and Paradiso 1983). It is hypothesized that big brown bats 
summer in eastern South Dakota and migrate west to hibernate, 
though Swier (2003) recorded big brown bats in eastern South 
Dakota year-round.  

* SDWAP: Species is addressed in the SDWAP. 

4.2 Field Survey 

4.2.1 Acoustic Analysis 

RAW TOTAL ACOUSTIC CALLS 

From April 6 through December 1, 2017, 757 bat passes were recorded by the CR1-A and CR1-B units 
(Tables 4 through 6). The CR1-A and CR1-B units recorded for 237 and 227 nights, respectively.  

Table 4. Bat Passes Recorded at Unit CR1-A within the Proposed Crowned 
Ridge I Study Area, April 6 through December 1, 2017 

Month Hoary Bat Low 
Frequency 

Group 

Red Bat Myotis 
Species 

Total 

April 1 17 0 0 18 
May 3 22 1 0 26 
June 12 12 1 0 25 
July 50 65 22 0 137 
August 13 43 15 0 71 
September 0 22 5 0 27 
October 0 3 0 0 3 
November 1 0 0 0 1 
Total 80 184 44 0 308 

Table 5. Bat Passes Recorded at Unit CR1-B within the Proposed Crowned 
Ridge I Study Area, April 6 through November 29, 2017 

Month Hoary Bat Low 
Frequency 

Group 

Red Bat Myotis 
Species 

Total 

April 0 16 0 0 16 
May 0 6 0 0 6 
June 16 9 1 0 26 
July 60 60 22 0 142 
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Month Hoary Bat Low 
Frequency 

Group 

Red Bat Myotis 
Species 

Total 

August 67 79 29 0 175 
September 29 49 6 0 84 
October 0 0 0 0 0 
November 0 0 0 0 0 
Total 172 219 58 0 449 

Table 6. Total Number of Bat Passes Recorded at Units CR1-A and CR1-B 
Combined within the Proposed Crowned Ridge I Study Area, April 6 
through December 1, 2017 

Month Hoary Bat Low 
Frequency 

Group 

Red Bat Myotis 
Species 

Total 

April 1 33 0 0 34 
May 3 28 1 0 32 
June 28 21 2 0 51 
July 110 125 44 0 279 
August 80 122 44 0 246 
September 29 71 11 0 111 
October 0 3 0 0 3 
November 1 0 0 0 1 
Total 252 403 102 0 757 

BAT ACTIVITY 

The CR1-A and CR1-B units recorded for 237 and 227 nights, respectively, during the survey period, 
resulting in activity levels of 1.29 passes per detector-night for CR1-A, and 1.97 bat passes per detector-
night for CR1-B. The mean activity level for the study area during the survey period was 1.63. However, 
bat activity varied by season (Table 7). 

Table 7. Relative Bat Activity Recorded at Units CR1-A and CR1-B Combined within the Proposed 
Crowned Ridge I Study Area, April 6 through December 1, 2017 

Season Hoary Bat Low 
Frequency 

Group 

Red Bat Myotis 
Species 

Total Bat 
Activity 

by Season 

Spring (April 6–May 15) 0.03 0.67 0.01 0.00 0.71 
Summer (May 16–July 15) 0.41 0.40 0.04 0.00 0.85 
Fall (July 16–September 30) 1.32 1.97 0.63 0.00 3.92 
Winter (October 1–December 1) 0.01 0.03 0.00 0.00 0.04 
Total Bat Activity by Species or 
Group 

0.54 0.87 0.22 0.00 1.63 
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Overall, bat activity was low within the study area. Given the heavily agricultural landscape and lack of 
roosting or foraging habitat within the Crowned Ridge I study area, this low level of activity is unsurprising 
and likely suggests that the area is not a heavily used migration corridor for bats. Because of the lack of 
tree cover, it is also likely that the study area has a very small or absent resident bat population, which is 
supported by the relatively low levels of bat activity in the summer. Potential resident bats might be 
expected to collect near the small towns in the region, where insects and consistent water sources are 
more readily available.  
Nearly 80% of the calls recorded occurred in the fall. Although the dynamics of bat migration are not fully 
understood, however, one factor that could contribute to this difference is recruitment of juveniles into the 
fall migration population. 

 DISCUSSION 

Numerous studies have been conducted across the United States to allow for better prediction of the risk 
of bat mortality associated with wind energy facilities. Multiple variables could affect bat species’ risk at 
wind energy facilities, including vegetation type(s) and habitat suitability, overall landscape and 
geographic characteristics, bat population densities, migration paths, or a species’ use of an area. 
Specific objectives of these bat studies were to gain an understanding of occurrence and use of the study 
area by bats and a relative activity index in support of monitoring recommendations provided in the 
WEGs.  
Seasonal differences in the data collected suggest that the study area experiences limited bat migration 
in spring; however, if 2017 data are indicative of an overall pattern, spring bat populations are sparse 
when compared with other regions of the United States. The highest levels of activity observed correlated 
with fall migration, though even these spikes of activity were low when compared with other fall migration 
events. Overall, the level of bat activity may suggest that bat use of the study area is relatively low. For 
comparison, Jain (2005) documented a mean activity level in 2003 and 2004 of 34.88 and 36.57 per 
detector-night, respectively, in Iowa. Because of the lack of suitable roosting and foraging habitat in the 
study area, the number of bats is likely much lower than what might be observed in other, more 
ecologically diverse, parts of the country.  
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Executive	Summary	
	
EAPC was hired to provide estimates of the potential sound impacts for a proposed wind 
turbine layout in Codington and Grant Counties of the Crowned Ridge wind farm project in 
northeastern South Dakota. The scope of this report includes all proposed turbines included 
in the Crowned Ridge wind farm project that will be permitted separately through the South 
Dakota Public Utilities Commission. Locations of area existing residences and a wind turbine 
layout using a mixture of wind turbines manufactured by General Electric (GE) were provided 
to EAPC by Crowned Ridge Wind, LLC. A computer model was built combining digital elevation 
data with the information supplied by Crowned Ridge Wind, LLC to generate sound models 
for the site. The resulting models were then used to perform sound calculations for the 150 
turbines. Based on the calculations, site‐wide realistic sound maps were produced.  
 
The Crowned Ridge wind farm project was modeled for all counties within the turbine layout 
and is described in this report as one project. However, for purposes of organization and 
because of the differences in compliance criteria, the modeling and results of the study are 
presented individually for each county. The noise ordinances of Codington and Grant Counties 
are not the same. For Codington County the noise limit is 50 dBA at the property boundary of 
occupied non‐participating landowners. For Grant County the noise limit is 45 dBA at a 
distance of 25 feet from the perimeter of non‐participating occupied structures and 50 dBA at 
participating occupied structures.   
 
The scope of this study also includes sound impacts that are not regulated by county 
ordinances including participating and non‐participating occupied structures and participating 
parcel boundaries in Codington County. The turbine array was arranged so that the sound 
pressure level at all non‐participating occupied structures in both counties would be 45 dBA 
or less and participating occupied structures in both counties would be 50 dBA or less. For all 
turbines, Low Noise Trailing Edge (LNTE) blades were used to reduce the sound pressure 
levels in order to achieve compliance with county regulations by increasing the flexibility in 
turbine locations to meet setback requirements. 
 
The model is based on a number of conservative assumptions. It assumes that the wind 
turbines are always emitting the maximum sound pressure level with an additional 2 dBA 
added to the wind turbine noise emission profiles. It is also assumed that each wind turbine is 
always downwind of each receptor and the atmospheric conditions are most favorable for 
sound transmission. Also in particular for Grant County, the sound pressure level was 
calculated at a distance of 50 feet from the perimeter of structures instead of 25 feet. This is 
also a conservative assumption because the noise levels will be higher at 50 feet than 25 feet. 
 
Crowned Ridge Codington County Turbines 
Codington County’s current Ordinance #68 Zoning Ordinance Section 5.22.03.12.a notes that 
the applicable sound limit is 50 dBA at an occupied non‐participating property line, which is 
what has been evaluated in this report for Codington County. Codington County does not 
have a specific ordinance for sound pressure levels at a participating property boundary; 
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although not required by the county, the sound pressure levels at participating property 
boundaries and occupied structures within 2 kilometers of a wind turbine were also 
evaluated. There is also no ordinance for sound pressure levels at any participating or non‐
participating occupied structures. 
 
Within the Crowned Ridge Project, for Codington County, an evaluation of the sound impacts 
at 61 occupied land parcel boundaries (30 participating and 31 non‐participating) within 
Codington County was performed. The 61 (30 participating and 31 non‐participating) land 
parcel boundaries that the existing residences were modeled using an area‐type sound sensor 
so that the highest sound pressure level at the property line could be calculated. 
 
In Codington County, the maximum sound pressure level at a non‐participating property 
boundary is 48.8 dBA, therefore, the project, as modeled, is in compliance with Codington 
County’s allowable sound pressure levels as described in Section 5.03, paragraph 12 of the 
Codington County Zoning Ordinance #68, which is 50 dBA. The maximum sound pressure level 
at a participating property boundary is 53.6 dBA.   

 
There are 71 occupied structures (37 participating and 34 non‐participating) in Codington 
County within 2 kilometers of a wind turbine, which were modeled using a point‐type sound 
sensor so that the highest sound pressure level at the perimeter of the structures could be 
calculated. In Codington County, the maximum sound pressure level at the perimeter of a 
non‐participating occupied structure was 45 dBA. The maximum sound pressure level at a 
participating occupied structure was 47.9 dBA. 
 
Therefore, the project as modeled, is in compliance with Codington County’s allowable sound 
pressure levels as described in the current Codington County Ordinance. 
 
Crowned Ridge Grant County Turbines 
Grant County’s current Ordinance 2016‐01C, Section 1211.04, paragraph 14 of the current 
Grant County Zoning Ordinance sets the limit at 45 dBA at a distance of 25 feet from the 
perimeter of non‐participating occupied structures and 50 dBA for participating occupied 
structures. 
 
For Grant County, an evaluation of the noise impacts at 57 (17 participating and 40 non‐
participating) occupied structures within 2 kilometers within Grant County was performed. 
The 57 occupied structures were modeled using a point‐type sound sensor so that the highest 
sound pressure level 25 feet from the perimeter of the structures could be calculated. In 
Grant County, the maximum sound pressure level 25 feet from the perimeter of a non‐
participating occupied structure is 43 dBA, and 45.3 dBA for a participating occupied 
structure.  
 
Based upon the results presented above, the project as modeled, is in compliance with Grant 
County’s allowable sound pressure levels as described in the current Grant County Ordinance. 
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1. INTRODUCTION	

EAPC was hired to conduct sound studies for the regional development of the Crowned 
Ridge wind farm project located in Codington and Grant Counties in northeastern South 
Dakota. The regional development’s layout consists of 137 GE 2.3 MW wind turbines with 
a hub height of 90 meters (including 20 alternate turbine locations) and 13 GE 2.3 MW 
wind turbines with a hub height of 80 meters for a total of 150 wind turbines. The 
locations of the proposed wind turbines were supplied by Crowned Ridge Wind, LLC.  
 
From the database of existing residences and coordinates supplied by Crowned Ridge 
Wind, LLC, 71 occupied structures (37 participating and 34 non‐participating) in Codington 
County and 57 occupied structures (17 participating and 40 non‐participating) in Grant 
County were found to be within 2 kilometers of a wind turbine and were included in the 
sound models. Additionally, 61 occupied land parcels (30 participating and 31 non‐
participating) were found to be within 2 kilometers of a wind turbine in Codington 
County, in line with the Codington County ordinance (see below). At a distance of 
2 kilometers from a turbine base, the sound pressure level will be less than 35 dBA 
(considerably less than ordinance limits) so there is no need to include land parcels or 
structures beyond that distance. Land parcels were not modeled for Grant County as they 
are not a part of the Grant County ordinance. 
 
The area of interest for this study is located in Codington and Grant Counties near the 
town of Watertown in northeastern South Dakota. The surrounding terrain has a change 
in elevation across the project site ranging from 475 to 621 meters (1,558 to 2,037 feet) at 
the wind turbine base. The region’s vegetation is comprised primarily of prairie grass and 
agricultural land. The project overview map can be found in Appendix A. 

2. BACKGROUND	AND	COUNTY	REGULATIONS	

To determine if the layout provided would be compliant for the Crowned Ridge Project 
and in line with each county’s regulations, detailed sound scenarios were analyzed using a 
computer model. The scenarios assumed that the wind turbines were operating at a wind 
speed that resulted in the loudest sound being emitted, which is conservative because the 
turbines would not actually be operating at maximum sound output levels at all times. 
 
Codington County’s current Ordinance #68 Zoning Ordinance Section 5.22.03, paragraph 
12.a) prescribes sound limits for wind turbine projects as follows: 

 
“12.a) Noise level generated by wind energy system shall not exceed 50 dBA, average A‐
weighted sound pressure including constructive interference level effects at the property 
line of existing off‐site non participating residences, businesses, and buildings owned 
and/or maintained by a governmental entity.” 
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Therefore, Codington County’s only applicable sound limit is 50 dBA at an occupied non‐
participating property line, which is what has been evaluated in this report for Codington 
County. Although not required by the county, the sound pressure levels at participating 
property boundaries and participating and non‐participating occupied structures (i.e., 
residences, business, and buildings) within 2 kilometers of a wind turbine were also 
evaluated. 
 
Grant County’s current Ordinance 2016‐01C, Section 1211.04, paragraph 14 prescribes 
sound limits for wind turbine projects as follows: 
 

“14.) Noise. Noise level shall not exceed 45 dBA, average A‐weighted Sound pressure 
including constructive interference effects measured twenty‐five (25) feet from the 
perimeter of existing off‐site non‐participating residences, businesses, buildings owned 
and/or maintained by a governmental entity.” 
 
“Noise level shall not exceed 50 dBA, average A‐weighted Sound pressure including 
constructive interference effects measured twenty‐five (25) feet from the perimeter of 
participating residences, businesses, and buildings owned and/or maintained by a 
governmental entity.” 
 
Therefore, Grant County’s current applicable sound limit is 45 dBA for all non‐
participating, and 50 dBA for all participating, existing off‐site residences, businesses, and 
buildings owned and/or maintained by a governmental entity. For purposes of this report, 
these residences, businesses, and buildings will hereafter be referred to as occupied 
structures. 

3. STUDY	METHODOLOGY	

This sound analysis was performed utilizing windPRO1, which has the ability to calculate 
detailed sound maps across an entire area of interest or at site‐specific locations using 
sound sensitive receptors. 
 
The analysis used the ISO 9613‐2 “Attenuation of sound during propagation outdoors, 
Part 2” sound calculation model with “General” ground attenuation and an attenuation 
factor of 0.5, which represents typical mixed vegetation (i.e., prairie grass, weeds, brush) 
and crop cover. Realistic sound pressure levels were calculated at 1.5 m AGL at the 
participating and non‐participating existing occupied structures and occupied parcel 
boundaries (Codington County only). The term “realistic” in this case, means that some 
amount of ground attenuation is accounted for.  
 
The inputs and assumptions for the windPRO sound calculation include the following: 
 

                                                 
 
1 windPRO is the world’s leading software tool for designing wind farms, including sound analysis. 
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•      Turbine Coordinates 
•      Turbine Specifications 
•      Turbine Sound Emission Data 
•      Sound Receptor Coordinates 
•      Participation Status 
•      USGS Digital Elevation Model (DEM) (height contour data) 
•      Uncertainty Factor 
•      Meteorological Conditions 
•      Ground Attenuation 
 
Turbine Coordinates: The location of a wind turbine in relation to a sound receptor is one 
of the most important factors in determining sound impacts. Sound pressure levels drop 
as they travel farther from the source of emission. The attenuation comes from 
atmospheric absorption as well as from absorption by the ground cover between the 
turbine and the receptor. The sound pressure waves can also be reflected by hard or 
smooth surfaces such as ice or water. Sound is also absorbed by trees and reflected by 
structures such as buildings or walls, although these effects (trees and buildings) are 
ignored in the model. 
 
Turbine Specifications: GE Wind turbine specifications from the manufacturer were 
supplied to EAPC by Crowned Ridge Wind, LLC. Wind turbine specifications included in the 
model were the power curves, blade types (standard and low noise), hub heights and 
operational rotational speed of the rotor. For all turbines, Low Noise Trailing Edge (LNTE) 
blades were used to reduce the sound pressure levels in order to achieve compliance with 
county regulations by increasing the flexibility in turbine locations to meet setback 
requirements. 
 
Turbine Sound Emission Data: Sound emission data including 1/3rd octave data supplied 
by the manufacture is used assuming the loudest sound pressure levels are being emitted 
at the hub height of the turbine. A safety margin of 2 dBA was added to the wind turbine 
noise emission profiles for the analysis in order to produce more conservative results, 
meaning that the model will predict higher sound pressure levels. 
 
According to the GE sound documentation provided to EAPC by Crowned Ridge Wind, LLC, 
the loudest normal operating sound pressure level emitted from the GE 2.3‐116, the 
loudest normal operating sound pressure level emitted is 107.5 at 10 m/s and higher at 
hub height. Since the value is reported at hub height, it is the same value for both 80 
meter and 90 meter hub‐height turbines. 
 
The specifications for the GE wind turbine models used in this study are included in 
Table 1 below. The table of wind turbine coordinates is included in Appendix B. 
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Table 1: Crowned Ridge wind energy project wind turbine specifications. 
 

Crowned Ridge wind energy project wind turbine specifications 

Manufacturer  Model 

Hub 
Height 
(m) 

Rotor 
Dia.    
(m) 

Cut‐In 
Wind 
Speed 
(m/s) 

Cut‐Out 
Wind 
Speed 
(m/s) 

Max. 
Sound 
Press. 
Level      
(dBA) 

Max.   
Sound 
Press. 
Level   
LNTE    
(dBA) 

General Electric  GE 2.3  80  116  3  22  107.5  106 

General Electric  GE 2.3  90  116  3  22  107.5  106 

 
Sound Receptor Coordinates: As with the wind turbine coordinates, the elevation, and 
distance of a sound receptor in relation to the wind turbines are the main factors in 
determining the sound impacts. EAPC was provided with coordinates for all existing 
residences, and occupied structures found to be located within 2 kilometer of the 150 
proposed wind turbine locations by Crowned Ridge.  
 
In Grant County, where the point of compliance is 25 feet from the perimeter of the 
structure, a ring of receptors was modeled 50 feet from the perimeter in order to capture 
sound levels that would conservatively represent the sound pressure levels 25 feet away 
from the perimeter. 
  
Receptor Participation Status: A database indicating the participation status of the land 
parcels and the structures within the wind farm boundary were supplied to EAPC by 
Crowned Ridge Wind, LLC. 
 
USGS Digital Elevation Model (DEM) (height contour data): For this study, 3 m resolution 
USGS National Elevation Database (NED) DEM’s were used to construct 10‐foot interval 
height contour lines for the windPRO sound model. The height contour information is 
important to the sound calculation since it allows the model to place the wind turbines 
and the sound receptors at the correct elevations. 
 
Uncertainty Factor: No uncertainty factor was provided by the wind turbine 
manufacturer. In this situation, it is common practice based on experience and studies to 
add 2 dBA to the sound pressure levels of each wind turbine. For this analysis, the 2 dBA 
were added to all wind turbine noise emission profiles. 
 
Meteorological Conditions: A temperature of 10o C (50o F) and a relative humidity of 70% 
were assumed for the analysis. These conditions represent an atmospheric “worst case” 
scenario where sound waves will travel farther with less atmospheric absorption. This will 
lead to more conservative (higher predicted sound levels) results. 
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All wind turbines are assumed to be operating simultaneously at maximum sound output 
levels. All turbines are assumed to be downwind of all receptors, which is another 
conservative (higher predicted sound pressure levels) assumption. 
 
Ground Attenuation: A ground attenuation factor of 0.5 was assumed for this analysis. It 
represents “mixed ground” consisting of half hard and half soft (porous) ground cover, 
which is slightly conservative and will result in higher predicted sound levels since the 
ground cover includes native prairie and agricultural crop land. 
 
No other sources of sound attenuation such as trees, air turbulence or wind shadow 
effects were assumed in the analysis. 
 
Wind Turbines from Adjacent Projects: The Crowned Ridge II project is adjacent to the 
Crowned Ridge project. Because sound impacts are cumulative, there will be impacts from 
the Crowned Ridge II project that will be additive to the impacts from the Crowned Ridge 
project. The Crowned Ridge II wind turbine array was included in the model to capture the 
full sound impacts on the receptors, which are included in the current Crowned Ridge 
tabular results; however, the sound iso‐line maps only show the sound emissions from the 
Crowned Ridge array. 

4. RESULTS	OF	ANALYSIS	

Although modeled as one project, the noise ordinances of the two counties are not the 
same. For Codington County, the noise limit is 50 dBA at the property boundary of 
occupied non‐participating landowners. Codington County does not have a specific 
ordinance for sound pressure levels at a participating property boundary; although not 
required by the county, the sound pressure levels at participating property boundaries 
and occupied structures within 2 kilometers of a wind turbine were also evaluated. There 
is also no ordinance for sound pressure levels at any participating or non‐participating 
occupied structures. For Grant County, the noise limit is 45 dBA at a distance of 25 feet 
from the perimeter of non‐participating occupied structures and 50 dBA at participating 
occupied structures. Because of the differences in compliance criteria, the results of the 
study are presented individually for each county. 
 
Crowned Ridge Codington County Turbines 
For the Crowned Ridge Codington County Turbines, the sound study indicates that the 
highest sound pressure level at a non‐participating property boundary is 48.8 dBA. 
Therefore, the project would be in compliance with Codington County’s allowable sound 
pressure levels as described in Section 5.22.03 paragraph 12 of Ordinance #68. Table 2 
shows the distribution of sound pressure levels for the project. The maximum sound 
pressure level at a participating property boundary is 53.6 dBA; however, as there is no 
county ordinance for participating property boundaries. This information is provided for 
transparency. 
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Table 2: Codington County property boundary realistic sound distribution 
 

 
 
 

Realistic 
Sound 
(dBA) 

 
Non‐

Participating 
Property 
Boundary 

 
 

Participating 
Property 
Boundary 

0 to 25  0  0 

25 to 30  0  0 

30 to 35  0  0 

35 to 40  9  2 

40 to 45  10  2 

45 to 50  11  11 

50+  0  16 

 
Crowned Ridge Grant County Turbines 
For Grant County, the sound study indicates that the highest sound pressure level at a 
distance of 25 feet from the perimeter of a non‐participating occupied structure is 43 dBA. 
The highest sound pressure level at a distance of 25 feet from the perimeter of a 
participating occupied structure is 45.3 dBA. Therefore the project would be in 
compliance with Grant County’s allowable sound pressure levels as described in Section 
1211.04, paragraph 14 of the current Grant County Zoning Ordinance 2016‐01C. Table 3 
shows the distribution of sound pressure levels for the project.  

 
Table 3: Grant County occupied structure realistic sound distribution 

 
 
 
 
 

Realistic 
Sound 
(dBA) 

 
 
 

Non‐
Participating
Occupied 
Structures 

 
 
 
 

Participating
Occupied 
Structures 

0 to 25  0  0 

25 to 30  0  0 

30 to 35  5  0 

35 to 40  17  5 

40 to 45  18  9 

45 to 50  0  3 

+50  0  0 

 

Crowned Ridge Project Summary  
The summary results for the Crowned Ridge Project are shown in table 4 below. The full 
table of results from the sound study can be found in Appendix C. Table C‐1 lists the 
results sorted by receptor number and Table C‐2 lists the results sorted by sound impacts 
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(dBA) from highest to lowest. The tabular results include the cumulative impacts from 
Crowned Ridge and Crowned Ridge II windfarms. The maps showing the sound impact iso‐
lines for the Crowned Ridge wind farm are in Appendix D. 
 

Table 4: Summary of sound pressure level predictions. 

 

      Noise  Maximum

      Limit  Predicted 

County  Feature  (dBA)  (dBA) 

Codington  Participating Occupied Structures  N/A  47.9 

   Non‐Participating Occupied Structures  N/A  45 

   Participating Occupied Parcel Boundary Lines  N/A  53.6 

   Non‐participating Occupied Parcel Boundary Lines  50  48.8 

           

Grant  Participating Occupied Structures  50  45.3 

   Non‐Participating Occupied Structures  45  43 

 

5. CONCLUSIONS	

The conservative results of this sound study indicate that the Crowned Ridge Project is in 
compliance with both Codington and Grant County ordinances.  
 
For Codington County, of the 61 property boundaries modeled, the highest sound 
pressure level at a non‐participating property boundary is 48.8 dBA and none measured 
more than 50 dBA. Therefore the Crowned Ridge wind farms would be in compliance with 
Codington County Ordinance #68.  

 
For Grant County, the sound study indicates that the highest sound pressure level 25 feet 
from the perimeter of a non‐participating occupied structure is 43 dBA. The highest sound 
pressure level 25 feet from the perimeter of a participating occupied structure is 45.3 
dBA. Therefore the project would be in compliance with the current Grant County 
Ordinance 2016‐01C. 
 
The results of this study are inherently conservative due to the fact that the turbines were 
modeled as though they were always operating at maximum sound emission levels and in 
all cases, an additional 2 dBA was added to the sound level being emitted by the turbine 
during the modeling stage and not to the results of the sound modeling. The turbines 
were also modeled as though they were always downwind of each receptor, and 
atmospheric conditions were modeled to be most favorable for sound transmission. In 
addition, the receptors in Grant County were modeled 50 feet from the perimeter of the 
structures where the ordinance specifies 25 feet. Noise levels will be higher farther away 
from the perimeter. 
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐1 GE2.3 116RD 90HH r2.madE 659,443 5,003,083 610.2 LNTE

CRI‐2 GE2.3 116RD 90HH r2.madE 660,185 5,003,010 598.1 LNTE

CRI‐3 GE2.3 116RD 90HH r2.madE 661,008 5,002,288 584.2 LNTE

CRI‐4 GE2.3 116RD 90HH r2.madE 660,173 5,002,120 602.4 LNTE

CRI‐5 GE2.3 116RD 90HH r2.madE 659,337 5,001,862 609.9 LNTE

CRI‐6 GE2.3 116RD 90HH r2.madE 660,193 5,001,329 610.4 LNTE

CRI‐7 GE2.3 116RD 90HH r2.madE 659,705 5,001,146 618.0 LNTE

CRI‐8 GE2.3 116RD 90HH r2.madE 661,380 5,000,282 588.3 LNTE

CRI‐9 GE2.3 116RD 90HH r2.madE 659,731 4,999,855 613.3 LNTE

CRI‐10 GE2.3 116RD 90HH r2.madE 660,280 4,999,837 615.0 LNTE

CRI‐11 GE2.3 116RD 90HH r2.madE 658,170 4,999,546 611.0 LNTE

CRI‐12 GE2.3 116RD 90HH r2.madE 658,644 4,999,460 615.0 LNTE

CRI‐13 GE2.3 116RD 90HH r2.madE 658,622 4,998,843 613.3 LNTE

CRI‐14 GE2.3 116RD 90HH r2.madE 657,947 4,997,935 618.3 LNTE

CRI‐15 GE2.3 116RD 90HH r2.madE 658,688 4,997,924 618.9 LNTE

CRI‐16 GE2.3 116RD 90HH r2.madE 657,203 4,997,856 611.9 LNTE

CRI‐17 GE2.3 116RD 90HH r2.madE 657,476 4,997,410 611.1 LNTE

CRI‐18 GE2.3 116RD 90HH r2.madE 658,217 4,997,154 618.0 LNTE

CRI‐19 GE2.3 116RD 90HH r2.madE 654,954 4,995,804 601.1 LNTE

CRI‐20 GE2.3 116RD 90HH r2.madE 659,920 4,994,924 594.4 LNTE

CRI‐21 GE2.3 116RD 90HH r2.madE 657,925 4,994,896 617.1 LNTE

CRI‐22 GE2.3 116RD 90HH r2.madE 656,543 4,994,796 616.5 LNTE

CRI‐23 GE2.3 116RD 90HH r2.madE 655,208 4,994,717 594.5 LNTE

CRI‐24 GE2.3 116RD 90HH r2.madE 655,852 4,994,652 609.0 LNTE

CRI‐25 GE2.3 116RD 90HH r2.madE 658,251 4,994,286 606.0 LNTE

CRI‐26 GE2.3 116RD 90HH r2.madE 665,405 4,994,191 578.3 LNTE

CRI‐27 GE2.3 116RD 90HH r2.madE 657,442 4,994,187 621.0 LNTE

CRI‐28 GE2.3 116RD 90HH r2.madE 664,517 4,994,168 579.0 LNTE

CRI‐29 GE2.3 116RD 90HH r2.madE 655,940 4,994,069 606.9 LNTE

CRI‐30 GE2.3 116RD 90HH r2.madE 659,871 4,994,052 593.6 LNTE

CRI‐31 GE2.3 116RD 90HH r2.madE 655,030 4,994,051 603.0 LNTE

CRI‐32 GE2.3 116RD 90HH r2.madE 660,704 4,993,998 606.0 LNTE

CRI‐33 GE2.3 116RD 90HH r2.madE 656,566 4,993,941 618.0 LNTE

CRI‐34 GE2.3 116RD 90HH r2.madE 658,966 4,993,856 599.6 LNTE

CRI‐35 GE2.3 116RD 90HH r2.madE 657,602 4,993,347 607.5 LNTE

CRI‐36 GE2.3 116RD 90HH r2.madE 659,966 4,993,319 594.0 LNTE

CRI‐37 GE2.3 116RD 90HH r2.madE 664,419 4,993,110 587.2 LNTE

CRI‐38 GE2.3 116RD 90HH r2.madE 658,338 4,992,981 600.5 LNTE

CRI‐39 GE2.3 116RD 90HH r2.madE 656,507 4,992,958 609.0 LNTE

CRI‐40 GE2.3 116RD 90HH r2.madE 655,889 4,993,035 603.0 LNTE

CRI‐41 GE2.3 116RD 90HH r2.madE 663,782 4,992,883 597.2 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐43 GE2.3 116RD 90HH r2.madE 666,181 4,992,815 577.8 LNTE

CRI‐44 GE2.3 116RD 90HH r2.madE 665,665 4,992,460 576.0 LNTE

CRI‐46 GE2.3 116RD 90HH r2.madE 664,387 4,992,505 591.0 LNTE

CRI‐48 GE2.3 116RD 90HH r2.madE 663,794 4,991,782 587.5 LNTE

CRI‐49 GE2.3 116RD 90HH r2.madE 664,385 4,991,685 581.6 LNTE

CRI‐50 GE2.3 116RD 90HH r2.madE 662,999 4,991,622 612.0 LNTE

CRI‐51 GE2.3 116RD 90HH r2.madE 666,299 4,991,723 575.3 LNTE

CRI‐52 GE2.3 116RD 90HH r2.madE 665,426 4,991,398 575.6 LNTE

CRI‐53 GE2.3 116RD 90HH r2.madE 659,750 4,990,981 598.7 LNTE

CRI‐54 GE2.3 116RD 90HH r2.madE 665,979 4,990,946 573.7 LNTE

CRI‐55 GE2.3 116RD 90HH r2.madE 659,045 4,990,899 597.0 LNTE

CRI‐56 GE2.3 116RD 90HH r2.madE 664,548 4,990,794 591.9 LNTE

CRI‐57 GE2.3 116RD 90HH r2.madE 663,874 4,990,787 600.1 LNTE

CRI‐58 GE2.3 116RD 90HH r2.madE 665,663 4,990,303 585.0 LNTE

CRI‐59 GE2.3 116RD 90HH r2.madE 666,523 4,990,291 573.0 LNTE

CRI‐60 GE2.3 116RD 90HH r2.madE 659,155 4,990,208 593.9 LNTE

CRI‐61 GE2.3 116RD 90HH r2.madE 662,982 4,990,178 612.0 LNTE

CRI‐62 GE2.3 116RD 90HH r2.madE 660,954 4,990,155 600.8 LNTE

CRI‐63 GE2.3 116RD 90HH r2.madE 664,627 4,989,977 588.7 LNTE

CRI‐64 GE2.3 116RD 90HH r2.madE 663,858 4,990,188 604.5 LNTE

CRI‐65 GE2.3 116RD 90HH r2.madE 661,732 4,989,898 609.0 LNTE

CRI‐66 GE2.3 116RD 90HH r2.madE 663,165 4,989,613 614.9 LNTE

CRI‐67 GE2.3 116RD 90HH r2.madE 666,226 4,989,531 574.8 LNTE

CRI‐68 GE2.3 116RD 90HH r2.madE 665,420 4,989,461 585.0 LNTE

CRI‐69 GE2.3 116RD 80HH r2.madE 660,621 4,989,453 605.4 LNTE

CRI‐70 GE2.3 116RD 90HH r2.madE 662,171 4,989,319 611.0 LNTE

CRI‐71 GE2.3 116RD 80HH r2.madE 659,405 4,989,320 607.4 LNTE

CRI‐72 GE2.3 116RD 80HH r2.madE 660,087 4,989,309 606.0 LNTE

CRI‐73 GE2.3 116RD 90HH r2.madE 661,344 4,989,297 609.8 LNTE

CRI‐74 GE2.3 116RD 90HH r2.madE 663,041 4,988,744 615.0 LNTE

CRI‐75 GE2.3 116RD 90HH r2.madE 664,137 4,988,702 609.0 LNTE

CRI‐76 GE2.3 116RD 90HH r2.madE 662,399 4,988,667 615.0 LNTE

CRI‐77 GE2.3 116RD 80HH r2.madE 659,158 4,988,642 612.0 LNTE

CRI‐78 GE2.3 116RD 80HH r2.madE 660,811 4,988,558 604.2 LNTE

CRI‐79 GE2.3 116RD 90HH r2.madE 656,125 4,988,485 595.0 LNTE

CRI‐80 GE2.3 116RD 90HH r2.madE 661,552 4,988,481 608.8 LNTE

CRI‐81 GE2.3 116RD 90HH r2.madE 659,825 4,988,365 606.5 LNTE

CRI‐82 GE2.3 116RD 90HH r2.madE 663,271 4,988,133 613.0 LNTE

CRI‐83 GE2.3 116RD 90HH r2.madE 662,227 4,988,103 606.5 LNTE

CRI‐84 GE2.3 116RD 80HH r2.madE 660,677 4,987,880 600.5 LNTE

CRI‐85 GE2.3 116RD 90HH r2.madE 659,295 4,987,798 612.0 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐86 GE2.3 116RD 90HH r2.madE 658,534 4,987,759 613.3 LNTE

CRI‐87 GE2.3 116RD 90HH r2.madE 661,830 4,987,596 609.0 LNTE

CRI‐88 GE2.3 116RD 90HH r2.madE 660,157 4,987,492 603.0 LNTE

CRI‐89 GE2.3 116RD 80HH r2.madE 657,758 4,986,926 614.9 LNTE

CRI‐90 GE2.3 116RD 80HH r2.madE 658,545 4,986,881 612.0 LNTE

CRI‐91 GE2.3 116RD 80HH r2.madE 657,023 4,986,868 612.0 LNTE

CRI‐92 GE2.3 116RD 80HH r2.madE 660,039 4,986,804 606.9 LNTE

CRI‐93 GE2.3 116RD 80HH r2.madE 659,133 4,986,700 608.0 LNTE

CRI‐94 GE2.3 116RD 80HH r2.madE 660,716 4,986,660 600.7 LNTE

CRI‐95 GE2.3 116RD 90HH r2.madE 657,488 4,986,184 612.0 LNTE

CRI‐96 GE2.3 116RD 90HH r2.madE 656,744 4,986,037 609.0 LNTE

CRI‐97 GE2.3 116RD 80HH r2.madE 655,899 4,985,715 592.6 LNTE

CRI‐98 GE2.3 116RD 90HH r2.madE 657,015 4,985,192 609.0 LNTE

CRI‐99 GE2.3 116RD 90HH r2.madE 672,521 4,990,188 556.7 LNTE

CRI‐100 GE2.3 116RD 90HH r2.madE 668,885 4,990,286 585.0 LNTE

CRI‐101 GE2.3 116RD 90HH r2.madE 672,921 4,990,513 544.6 LNTE

CRI‐102 GE2.3 116RD 90HH r2.madE 668,059 4,991,023 580.9 LNTE

CRI‐103 GE2.3 116RD 90HH r2.madE 669,279 4,991,115 582.0 LNTE

CRI‐104 GE2.3 116RD 90HH r2.madE 672,009 4,991,151 555.0 LNTE

CRI‐105 GE2.3 116RD 90HH r2.madE 670,488 4,991,091 571.7 LNTE

CRI‐106 GE2.3 116RD 90HH r2.madE 671,278 4,991,335 567.0 LNTE

CRI‐107 GE2.3 116RD 90HH r2.madE 667,723 4,991,800 582.0 LNTE

CRI‐108 GE2.3 116RD 90HH r2.madE 672,917 4,991,775 541.2 LNTE

CRI‐109 GE2.3 116RD 90HH r2.madE 670,897 4,992,616 557.3 LNTE

CRI‐111 GE2.3 116RD 90HH r2.madE 671,220 4,993,526 550.6 LNTE

CRI‐112 GE2.3 116RD 90HH r2.madE 670,419 4,993,665 561.0 LNTE

CRI‐113 GE2.3 116RD 90HH r2.madE 675,201 4,994,165 497.6 LNTE

CRI‐114 GE2.3 116RD 90HH r2.madE 669,318 4,994,256 561.8 LNTE

CRI‐115 GE2.3 116RD 90HH r2.madE 673,402 4,994,374 516.4 LNTE

CRI‐116 GE2.3 116RD 90HH r2.madE 671,642 4,994,527 531.0 LNTE

CRI‐117 GE2.3 116RD 90HH r2.madE 669,488 4,994,930 545.6 LNTE

CRI‐118 GE2.3 116RD 90HH r2.madE 669,961 4,995,134 540.3 LNTE

CRI‐119 GE2.3 116RD 90HH r2.madE 674,992 4,995,107 492.0 LNTE

CRI‐120 GE2.3 116RD 90HH r2.madE 671,034 4,995,179 536.2 LNTE

CRI‐121 GE2.3 116RD 90HH r2.madE 670,629 4,998,259 531.0 LNTE

CRI‐122 GE2.3 116RD 90HH r2.madE 671,475 4,998,261 517.8 LNTE

CRI‐123 GE2.3 116RD 90HH r2.madE 672,180 4,998,561 505.0 LNTE

CRI‐124 GE2.3 116RD 90HH r2.madE 670,926 4,999,036 523.3 LNTE

CRI‐125 GE2.3 116RD 90HH r2.madE 671,580 4,999,340 509.8 LNTE

CRI‐126 GE2.3 116RD 90HH r2.madE 670,382 5,000,519 516.0 LNTE

CRI‐127 GE2.3 116RD 90HH r2.madE 670,845 5,000,795 507.4 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐128 GE2.3 116RD 90HH r2.madE 671,388 5,001,034 498.4 LNTE

CRI‐129 GE2.3 116RD 90HH r2.madE 667,516 5,000,900 553.8 LNTE

CRI‐130 GE2.3 116RD 90HH r2.madE 668,158 5,001,149 546.0 LNTE

CRI‐131 GE2.3 116RD 90HH r2.madE 670,512 5,002,137 504.0 LNTE

CRI‐132 GE2.3 116RD 90HH r2.madE 670,875 5,002,186 499.0 LNTE

CRI‐133 GE2.3 116RD 90HH r2.madE 669,990 5,002,521 502.6 LNTE

CRI‐134 GE2.3 116RD 90HH r2.madE 671,497 5,002,893 483.0 LNTE

CRI‐Alt1 GE2.3 116RD 90HH r2.madE 673,995 4,994,412 508.0 LNTE

CRI‐Alt2 GE2.3 116RD 90HH r2.madE 669,250 4,992,900 562.3 LNTE

CRI‐Alt3 GE2.3 116RD 90HH r2.madE 668,624 4,991,988 581.3 LNTE

CRI‐Alt4 GE2.3 116RD 90HH r2.madE 670,047 5,003,703 495.4 LNTE

CRI‐Alt7 GE2.3 116RD 90HH r2.madE 669,265 5,004,141 504.3 LNTE

CRI‐Alt8 GE2.3 116RD 90HH r2.madE 667,012 5,004,840 525.5 LNTE

CRI‐Alt9 GE2.3 116RD 90HH r2.madE 667,945 5,005,534 511.0 LNTE

CRI‐Alt11 GE2.3 116RD 90HH r2.madE 668,585 5,005,813 499.5 LNTE

CRI‐Alt12 GE2.3 116RD 90HH r2.madE 665,718 5,006,213 532.5 LNTE

CRI‐Alt14 GE2.3 116RD 90HH r2.madE 667,485 5,006,268 514.9 LNTE

CRI‐Alt15 GE2.3 116RD 90HH r2.madE 669,174 5,006,282 480.8 LNTE

CRI‐Alt16 GE2.3 116RD 90HH r2.madE 665,280 5,006,161 540.0 LNTE

CRI‐Alt17 GE2.3 116RD 90HH r2.madE 668,112 5,007,271 490.7 LNTE

CRI‐Alt18 GE2.3 116RD 90HH r2.madE 668,857 5,007,463 475.0 LNTE

CRI‐Alt19 GE2.3 116RD 90HH r2.madE 663,816 4,986,314 613.1 LNTE

CRI‐Alt20 GE2.3 116RD 90HH r2.madE 664,124 4,986,705 611.8 LNTE

CRI‐Alt22 GE2.3 116RD 90HH r2.madE 662,551 4,986,877 614.6 LNTE

CRI‐Alt42 GE2.3 116RD 90HH r2.madE 659,646 4,992,833 585.0 LNTE

CRI‐Alt45 GE2.3 116RD 90HH r2.madE 657,553 4,992,576 599.8 LNTE

CRI‐Alt47 GE2.3 116RD 90HH r2.madE 659,131 4,991,788 579.0 LNTE
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APPENDIX C: TABLE OF SOUND RESULTS 
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

CR1‐C1‐NP Non‐P Boundary 657,276 4,983,921 590.3 36.4 4,203

CR1‐C2‐NP Non‐P Boundary 658,435 4,984,609 601.8 37.6 5,036

CR1‐C3‐NP Non‐P Boundary 657,812 4,984,785 603.1 39.4 2,936

CR1‐C4‐NP Non‐P Boundary 659,890 4,985,620 605.4 40.5 3,914

CR1‐C6‐P Participant Boundary 663,383 4,994,502 591.0 38.4 3,878

CR1‐C7‐NP Non‐P Boundary 661,266 4,985,387 591.0 46.6 1,253

CR1‐C8‐P Participant Boundary 661,277 4,984,852 597.6 43.1 2,139

CR1‐C9‐P Participant Boundary 665,421 4,985,265 609.0 49.5 1,079

CR1‐C10‐P Participant Boundary 662,869 4,985,477 601.4 52.2 610

CR1‐C11‐P Participant Boundary 664,444 4,985,206 608.6 52.0 738

CR1‐C12‐P Participant Boundary 662,067 4,985,677 604.9 45.3 1,591

CR1‐C13‐P Participant Boundary 664,410 4,986,207 615.0 53.3 591

CR1‐C14‐NP Non‐P Boundary 657,803 4,986,003 609.0 46.1 1,191

CR1‐C15‐P Participant Boundary 663,047 4,985,700 612.8 51.1 692

CR1‐C16‐NP Non‐P Boundary 661,642 4,985,677 597.0 48.8 948

CR1‐C17‐P Participant Boundary 658,017 4,986,369 606.4 45.2 1,837

CR1‐C18‐P Participant Boundary 664,126 4,986,525 610.2 52.4 597

CR1‐C19‐P Participant Boundary 660,393 4,987,529 607.7 50.1 761

CR1‐C20‐P Participant Boundary 662,024 4,987,612 604.8 51.0 682

CR1‐C26‐P Participant Boundary 658,015 4,987,993 606.0 43.5 1,867

CR1‐C27‐NP Non‐P Boundary 656,658 4,988,484 587.2 42.1 1,752

CR1‐C28‐NP Non‐P Boundary 665,432 4,989,009 583.9 44.9 1,483

CR1‐C29‐NP Non‐P Boundary 666,496 4,989,001 573.9 42.7 1,952

CR1‐C30‐P Participant Boundary 661,978 4,989,318 613.3 51.3 718

CR1‐C31‐NP Non‐P Boundary 665,639 4,989,013 584.6 44.5 1,637

CR1‐C32‐NP Non‐P Boundary 657,187 4,989,566 573.0 38.1 4,970

CR1‐C33‐NP Non‐P Boundary 657,126 4,990,843 567.0 38.0 5,856

CR1‐C34‐NP Non‐P Boundary 658,763 4,990,247 589.7 45.8 1,286

CR1‐C35‐P Participant Boundary 661,955 4,990,153 606.0 47.2 1,112

CR1‐C36‐P Participant Boundary 663,564 4,990,731 610.7 48.2 1,033

CR1‐C37‐P Participant Boundary 663,879 4,990,574 594.0 51.1 699

CR1‐C38‐NP Non‐P Boundary 660,955 4,990,468 591.2 47.3 1,027

CR1‐C39‐NP Non‐P Boundary 659,741 4,991,242 583.2 48.5 856

CR1‐C40‐NP Non‐P Boundary 658,706 4,991,231 579.8 44.9 1,555

CR1‐C41‐NP Non‐P Boundary 664,801 4,991,929 577.1 46.1 1,585

CR1‐C42‐P Participant Boundary 659,828 4,992,807 580.5 51.1 604

CR1‐C44‐NP Non‐P Boundary 665,447 4,992,972 578.2 44.4 1,801

CR1‐C45‐NP Non‐P Boundary 653,821 4,993,552 572.0 36.5 4,291

CR1‐C46‐P Participant Boundary 656,678 4,992,970 611.5 51.4 561
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C47‐P Participant Boundary 663,454 4,992,888 612.0 46.8 1,076

CR1‐C48‐P Participant Boundary 664,262 4,992,514 586.8 53.6 577

CR1‐C49‐P Participant Boundary 662,224 4,993,664 609.0 38.4 5,105

CR1‐C50‐P Participant Boundary 656,239 4,994,042 618.0 49.6 984

CR1‐C51‐P Participant Boundary 657,753 4,994,889 620.0 51.4 564

CR1‐C52‐NP Non‐P Boundary 654,986 4,995,398 603.0 45.1 1,335

CR1‐C53‐NP Non‐P Boundary 664,171 4,995,340 580.6 37.3 4,009

CR1‐C54‐NP Non‐P Boundary 663,495 4,995,329 582.9 36.5 5,075

CR1‐C55‐P Participant Boundary 660,139 4,994,937 606.2 49.4 722

CR1‐C56‐P Participant Boundary 655,392 4,995,175 606.2 44.9 1,621

CR1‐C57‐P Participant Boundary 656,526 4,995,198 616.1 45.4 1,319

CR1‐C58‐P Participant Boundary 657,619 4,997,581 611.9 50.4 732

CR1‐C59‐P Participant Boundary 661,380 5,000,092 591.0 50.2 623

CR1‐C60‐NP Non‐P Boundary 656,909 4,998,465 609.3 41.3 2,218

CR1‐C61‐NP Non‐P Boundary 656,927 4,997,826 612.0 47.8 912

CR1‐C62‐NP Non‐P Boundary 658,155 4,994,994 614.7 48.6 820

CR1‐C63‐NP Non‐P Boundary 658,543 4,995,211 606.8 42.3 2,277

CR1‐C64‐P Participant Boundary 659,129 4,991,995 576.5 49.9 679

CR1‐C65‐NP Non‐P Boundary 665,516 4,995,045 578.0 39.1 2,825

CR1‐C70‐NP Non‐P Boundary 664,953 4,987,981 596.1 42.7 2,940

CR1‐C71‐NP Non‐P Boundary 664,658 4,987,355 600.0 48.6 909

CR2‐C150‐P Participant Boundary 657,308 4,986,173 600.0 51.3 591

CR1‐C1‐NP Non‐P Structure 656,743 4,983,525 595.9 34.9 4,203

CR1‐C2‐NP Non‐P Structure 658,791 4,984,483 601.6 37.3 5,036

CR1‐C3‐NP Non‐P Structure 657,888 4,984,697 604.2 38.8 2,936

CR1‐C4‐NP Non‐P Structure 659,744 4,984,749 605.9 38.5 3,914

CR1‐C5‐NP Non‐P Structure 659,958 4,984,794 605.2 38.8 5,659

CR1‐C6‐P Participant Structure 662,989 4,995,228 599.8 36.3 3,878

CR1‐C7‐NP Non‐P Structure 660,893 4,984,861 593.2 41.3 1,253

CR1‐C8‐P Participant Structure 660,532 4,984,445 599.7 40.1 2,139

CR1‐C9‐P Participant Structure 665,352 4,985,004 609.0 47.7 1,079

CR1‐C10‐P Participant Structure 663,510 4,985,195 609.0 47.0 610

CR1‐C11‐P Participant Structure 664,111 4,985,679 609.0 47.9 738

CR1‐C12‐P Participant Structure 662,222 4,985,736 603.0 44.3 1,591

CR1‐C12‐1‐P Participant Structure 662,199 4,986,047 606.0 43.6 2,818

CR1‐C13‐P Participant Structure 663,792 4,985,785 612.0 46.9 591

CR1‐C14‐NP Non‐P Structure 657,982 4,985,894 609.0 43.4 1,191

CR1‐C15‐P Participant Structure 663,291 4,986,026 615.0 46.1 692
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C16‐NP Non‐P Structure 661,960 4,986,288 606.0 43.3 948

CR1‐C17‐P Participant Structure 658,031 4,986,373 609.1 45.1 1,837

CR1‐C18‐P Participant Structure 663,651 4,987,157 610.5 44.8 597

CR1‐C19‐P Participant Structure 659,243 4,987,276 611.5 46.4 761

CR1‐C20‐P Participant Structure 663,054 4,987,455 606.0 44.5 682

CR1‐C21‐P Participant Structure 660,756 4,984,086 594.8 42.0 2,388

CR1‐C22‐P Participant Structure 660,755 4,984,082 594.8 42.0 2,375

CR1‐C23‐P Participant Structure 660,619 4,984,078 596.0 41.5 2,523

CR1‐C26‐P Participant Structure 657,767 4,988,493 597.0 40.6 1,867

CR1‐C27‐NP Non‐P Structure 656,876 4,988,683 583.0 40.0 1,752

CR1‐C28‐NP Non‐P Structure 665,429 4,988,598 590.8 42.1 1,483

CR1‐C29‐NP Non‐P Structure 666,572 4,988,867 575.9 41.4 1,952

CR1‐C30‐P Participant Structure 661,699 4,988,957 615.0 47.9 718

CR1‐C31‐NP Non‐P Structure 665,939 4,988,950 585.4 43.4 1,637

CR1‐C32‐NP Non‐P Structure 655,843 4,989,581 568.6 37.0 4,970

CR1‐C33‐NP Non‐P Structure 656,839 4,990,404 569.8 37.3 5,856

CR1‐C34‐NP Non‐P Structure 658,661 4,990,389 589.1 44.5 1,286

CR1‐C35‐P Participant Structure 662,025 4,990,475 609.0 43.9 1,112

CR1‐C36‐P Participant Structure 663,181 4,990,600 615.0 46.2 1,033

CR1‐C37‐P Participant Structure 663,563 4,991,342 605.1 46.5 699

CR1‐C38‐NP Non‐P Structure 660,639 4,991,557 597.0 40.9 1,027

CR1‐C39‐NP Non‐P Structure 660,144 4,991,670 588.0 42.2 856

CR1‐C40‐NP Non‐P Structure 657,865 4,991,818 583.8 41.5 1,555

CR1‐C41‐NP Non‐P Structure 665,053 4,992,084 576.1 45.0 1,585

CR1‐C42‐P Participant Structure 659,458 4,992,229 580.0 44.6 604

CR1‐C44‐NP Non‐P Structure 665,076 4,993,095 578.2 44.0 1,801

CR1‐C45‐NP Non‐P Structure 653,390 4,993,503 573.0 34.8 4,291

CR1‐C46‐P Participant Structure 655,802 4,993,540 609.7 45.9 561

CR1‐C47‐P Participant Structure 662,825 4,993,508 613.8 39.4 1,076

CR1‐C48‐P Participant Structure 664,247 4,993,646 588.0 44.7 577

CR1‐C49‐P Participant Structure 662,250 4,993,731 609.0 38.3 5,105

CR1‐C50‐P Participant Structure 656,806 4,994,388 621.0 46.7 984

CR1‐C51‐P Participant Structure 657,455 4,995,160 621.0 43.9 564

CR1‐C52‐NP Non‐P Structure 654,924 4,995,231 603.0 44.0 1,335

CR1‐C53‐NP Non‐P Structure 663,376 4,996,043 578.6 35.1 4,009

CR1‐C54‐NP Non‐P Structure 663,421 4,995,376 583.4 36.3 5,075

CR1‐C55‐P Participant Structure 660,914 4,995,169 607.9 39.3 722

CR1‐C56‐P Participant Structure 655,953 4,995,244 606.0 43.9 1,621
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C57‐P Participant Structure 656,628 4,995,266 615.0 44.2 1,319

CR1‐C58‐P Participant Structure 657,781 4,996,906 615.0 44.8 732

CR1‐C59‐P Participant Structure 661,548 5,000,754 584.1 42.5 623

CR1‐C60‐NP Non‐P Structure 656,855 4,998,565 613.5 40.3 2,218

CR1‐C61‐NP Non‐P Structure 656,690 4,997,831 612.0 43.1 912

CR1‐C62‐NP Non‐P Structure 658,375 4,995,138 615.0 43.9 820

CR1‐C63‐NP Non‐P Structure 658,566 4,995,254 612.6 41.9 2,277

CR1‐C64‐P Participant Structure 659,436 4,992,174 581.0 44.8 679

CR1‐C65‐NP Non‐P Structure 665,805 4,995,305 579.0 37.3 2,825

CR1‐C66‐NP Non‐P Structure 659,718 4,985,032 606.0 38.9 5,800

CR1‐C67‐NP Non‐P Structure 659,789 4,985,057 606.0 39.0 5,791

CR1‐C68‐P Participant Structure 662,652 4,987,606 609.0 45.4 2,146

CR1‐C69‐P Participant Structure 662,685 4,987,619 609.0 45.3 2,185

CR1‐C70‐NP Non‐P Structure 665,135 4,988,293 595.7 42.0 2,940

CR1‐C71‐NP Non‐P Structure 665,137 4,988,378 594.6 42.1 909

CR1‐C72‐NP Non‐P Structure 665,158 4,988,170 595.2 42.1 3,776

CR2‐C150‐P Participant Structure 657,178 4,985,788 612.0 46.1 591
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results Structure occupied structures and accessory structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G12‐NP Non‐P Structure 668,229 4,989,039 575.0 38.0 4,623

CR1‐G13‐NP Non‐P Structure 672,216 4,989,142 558.0 37.2 3,576

CR1‐G14‐NP Non‐P Structure 668,156 4,989,332 574.1 38.7 3,940

CR1‐G15‐P Participant Structure 668,396 4,989,607 576.0 40.0 2,746

CR1‐G16‐NP Non‐P Structure 668,419 4,989,861 576.0 41.8 2,070

CR1‐G18‐P Participant Structure 668,678 4,990,722 585.0 45.1 1,585

CR1‐G19‐P Participant Structure 671,018 4,990,744 570.0 43.4 2,077

CR1‐G21‐P Participant Structure 666,766 4,991,807 577.1 44.9 1,555

CR1‐G22‐NP Non‐P Structure 674,670 4,991,955 527.6 34.8 5,781

CR1‐G23‐NP Non‐P Structure 670,471 4,992,104 560.1 42.5 2,185

CR1‐G24‐P Participant Structure 673,058 4,992,440 539.4 40.5 2,231

CR1‐G25‐P Participant Structure 671,391 4,992,858 549.0 43.8 1,804

CR1‐G26‐NP Non‐P Structure 672,589 4,993,869 531.0 39.9 3,140

CR1‐G27‐NP Non‐P Structure 676,630 4,994,642 480.8 33.9 4,944

CR1‐G28‐P Participant Structure 673,113 4,994,772 514.1 43.2 1,614

CR1‐G32‐P Participant Structure 669,477 4,995,401 546.0 45.1 1,545

CR1‐G33‐P Participant Structure 668,911 4,995,550 548.7 39.9 2,779

CR1‐G34‐NP Non‐P Structure 671,320 4,995,798 531.0 40.8 2,238

CR1‐G36‐NP Non‐P Structure 673,559 4,996,344 498.1 35.4 6,211

CR1‐G37‐NP Non‐P Structure 668,998 4,996,452 549.0 36.6 5,246

CR1‐G38‐NP Non‐P Structure 673,972 4,996,493 494.5 35.0 5,646

CR1‐G41‐P Participant Structure 671,563 4,997,050 497.7 37.9 3,983

CR1‐G42‐NP Non‐P Structure 670,566 4,997,097 518.9 38.0 3,819

CR1‐G43‐NP Non‐P Structure 661,141 5,001,721 584.2 42.7 1,909

CR1‐G44‐NP Non‐P Structure 661,781 5,001,732 583.7 38.6 3,123

CR1‐G59‐P Participant Structure 675,755 4,994,888 488.3 39.6 2,605

CR1‐G60‐P Participant Structure 675,830 4,995,687 477.0 36.3 3,343

CR1‐G65‐P Participant Structure 671,496 4,994,973 537.0 45.3 1,539

CR1‐G66‐P Participant Structure 670,802 4,994,681 539.8 44.0 1,801

CR1‐G67‐P Participant Structure 669,597 4,993,440 555.8 43.2 2,106

CR1‐G68‐NP Non‐P Structure 669,159 4,993,632 564.7 43.0 2,113

CR1‐G77‐NP Non‐P Structure 676,031 4,992,629 503.1 33.2 5,728

CR1‐G81‐NP Non‐P Structure 671,478 4,997,523 508.7 40.7 2,421

CR1‐G105‐NP Non‐P Structure 668,696 4,998,325 549.0 35.2 6,345

CR1‐G108‐NP Non‐P Structure 669,516 5,001,186 522.2 39.7 3,586

CR1‐G109‐NP Non‐P Structure 667,064 5,000,425 566.4 40.0 2,152

CR1‐G110‐NP Non‐P Structure 671,218 5,005,064 456.4 34.7 5,889

CR1‐G113‐NP Non‐P Structure 666,228 5,005,549 537.0 40.2 2,746
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Table C‐1: Crowned Ridge Sound Level Tabular Results Sorted by Receptor ID

Realistic case sound results Structure occupied structures and accessory structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G114‐NP Non‐P Structure 666,214 5,006,667 520.8 40.7 2,205

CR1‐G115‐NP Non‐P Structure 664,933 5,006,731 544.6 40.4 2,188

CR1‐G117‐NP Non‐P Structure 663,801 5,005,084 581.3 33.0 6,004

CR1‐G124‐P Participant Structure 669,843 5,000,605 525.0 42.7 1,791

CR1‐G125‐NP Non‐P Structure 668,289 5,000,643 543.0 42.8 1,716

CR1‐G126‐NP Non‐P Structure 672,157 5,000,446 484.3 39.3 3,176

CR1‐G127‐NP Non‐P Structure 669,534 4,999,939 533.9 38.7 3,369

CR1‐G128‐NP Non‐P Structure 670,242 5,001,314 513.0 42.8 2,612

CR1‐G129‐NP Non‐P Structure 673,111 4,997,703 477.8 36.3 4,153

CR1‐G130‐NP Non‐P Structure 668,147 5,000,233 549.0 39.3 3,005

CR1‐G131‐NP Non‐P Structure 668,466 5,005,145 505.1 42.9 2,133

CR1‐G132‐NP Non‐P Structure 669,098 5,004,948 501.0 40.6 2,703

CR1‐G133‐NP Non‐P Structure 669,881 5,005,460 478.8 38.3 3,556

CR1‐G135‐NP Non‐P Structure 668,616 5,005,161 504.2 42.5 2,142

CR1‐G136‐NP Non‐P Structure 667,706 5,004,861 522.0 42.2 2,277

CR1‐G137‐NP Non‐P Structure 666,501 5,005,136 529.5 41.5 1,939

CR1‐G138‐NP Non‐P Structure 664,809 5,006,456 549.0 41.7 1,824

CR1‐G139‐NP Non‐P Structure 668,199 5,008,062 475.9 39.8 2,612

CR1‐G140‐P Participant Structure 664,546 5,007,269 551.1 34.6 4,360
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

CR1‐C16‐NP Non‐P Boundary 661,642 4,985,677 597.0 48.8 948

CR1‐C62‐NP Non‐P Boundary 658,155 4,994,994 614.7 48.6 820

CR1‐C71‐NP Non‐P Boundary 664,658 4,987,355 600.0 48.6 909

CR1‐C39‐NP Non‐P Boundary 659,741 4,991,242 583.2 48.5 856

CR1‐C61‐NP Non‐P Boundary 656,927 4,997,826 612.0 47.8 912

CR1‐C38‐NP Non‐P Boundary 660,955 4,990,468 591.2 47.3 1,027

CR1‐C7‐NP Non‐P Boundary 661,266 4,985,387 591.0 46.6 1,253

CR1‐C14‐NP Non‐P Boundary 657,803 4,986,003 609.0 46.1 1,191

CR1‐C41‐NP Non‐P Boundary 664,801 4,991,929 577.1 46.1 1,585

CR1‐C34‐NP Non‐P Boundary 658,763 4,990,247 589.7 45.8 1,286

CR1‐C52‐NP Non‐P Boundary 654,986 4,995,398 603.0 45.1 1,335

CR1‐C28‐NP Non‐P Boundary 665,432 4,989,009 583.9 44.9 1,483

CR1‐C40‐NP Non‐P Boundary 658,706 4,991,231 579.8 44.9 1,555

CR1‐C31‐NP Non‐P Boundary 665,639 4,989,013 584.6 44.5 1,637

CR1‐C44‐NP Non‐P Boundary 665,447 4,992,972 578.2 44.4 1,801

CR1‐C70‐NP Non‐P Boundary 664,953 4,987,981 596.1 42.7 2,940

CR1‐C29‐NP Non‐P Boundary 666,496 4,989,001 573.9 42.7 1,952

CR1‐C63‐NP Non‐P Boundary 658,543 4,995,211 606.8 42.3 2,277

CR1‐C27‐NP Non‐P Boundary 656,658 4,988,484 587.2 42.1 1,752

CR1‐C60‐NP Non‐P Boundary 656,909 4,998,465 609.3 41.3 2,218

CR1‐C4‐NP Non‐P Boundary 659,890 4,985,620 605.4 40.5 3,914

CR1‐C3‐NP Non‐P Boundary 657,812 4,984,785 603.1 39.4 2,936

CR1‐C65‐NP Non‐P Boundary 665,516 4,995,045 578.0 39.1 2,825

CR1‐C32‐NP Non‐P Boundary 657,187 4,989,566 573.0 38.1 4,970

CR1‐C33‐NP Non‐P Boundary 657,126 4,990,843 567.0 38.0 5,856

CR1‐C2‐NP Non‐P Boundary 658,435 4,984,609 601.8 37.6 5,036

CR1‐C53‐NP Non‐P Boundary 664,171 4,995,340 580.6 37.3 4,009

CR1‐C45‐NP Non‐P Boundary 653,821 4,993,552 572.0 36.5 4,291

CR1‐C54‐NP Non‐P Boundary 663,495 4,995,329 582.9 36.5 5,075

CR1‐C1‐NP Non‐P Boundary 657,276 4,983,921 590.3 36.4 4,203

CR1‐C48‐P Participant Boundary 664,262 4,992,514 586.8 53.6 577

CR1‐C13‐P Participant Boundary 664,410 4,986,207 615.0 53.3 591

CR1‐C18‐P Participant Boundary 664,126 4,986,525 610.2 52.4 597

CR1‐C10‐P Participant Boundary 662,869 4,985,477 601.4 52.2 610

CR1‐C11‐P Participant Boundary 664,444 4,985,206 608.6 52.0 738

CR1‐C46‐P Participant Boundary 656,678 4,992,970 611.5 51.4 561

CR1‐C51‐P Participant Boundary 657,753 4,994,889 620.0 51.4 564

CR1‐C30‐P Participant Boundary 661,978 4,989,318 613.3 51.3 718

CR2‐C150‐P Participant Boundary 657,308 4,986,173 600.0 51.3 591

Distance to Nearest 
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C15‐P Participant Boundary 663,047 4,985,700 612.8 51.1 692

CR1‐C37‐P Participant Boundary 663,879 4,990,574 594.0 51.1 699

CR1‐C42‐P Participant Boundary 659,828 4,992,807 580.5 51.1 604

CR1‐C20‐P Participant Boundary 662,024 4,987,612 604.8 51.0 682

CR1‐C58‐P Participant Boundary 657,619 4,997,581 611.9 50.4 732

CR1‐C59‐P Participant Boundary 661,380 5,000,092 591.0 50.2 623

CR1‐C19‐P Participant Boundary 660,393 4,987,529 607.7 50.1 761

CR1‐C64‐P Participant Boundary 659,129 4,991,995 576.5 49.9 679

CR1‐C50‐P Participant Boundary 656,239 4,994,042 618.0 49.6 984

CR1‐C9‐P Participant Boundary 665,421 4,985,265 609.0 49.5 1,079

CR1‐C55‐P Participant Boundary 660,139 4,994,937 606.2 49.4 722

CR1‐C36‐P Participant Boundary 663,564 4,990,731 610.7 48.2 1,033

CR1‐C35‐P Participant Boundary 661,955 4,990,153 606.0 47.2 1,112

CR1‐C47‐P Participant Boundary 663,454 4,992,888 612.0 46.8 1,076

CR1‐C57‐P Participant Boundary 656,526 4,995,198 616.1 45.4 1,319

CR1‐C12‐P Participant Boundary 662,067 4,985,677 604.9 45.3 1,591

CR1‐C17‐P Participant Boundary 658,017 4,986,369 606.4 45.2 1,837

CR1‐C56‐P Participant Boundary 655,392 4,995,175 606.2 44.9 1,621

CR1‐C26‐P Participant Boundary 658,015 4,987,993 606.0 43.5 1,867

CR1‐C8‐P Participant Boundary 661,277 4,984,852 597.6 43.1 2,139

CR1‐C49‐P Participant Boundary 662,224 4,993,664 609.0 38.4 5,105

CR1‐C6‐P Participant Boundary 663,383 4,994,502 591.0 38.4 3,878

CR1‐C41‐NP Non‐P Structure 665,053 4,992,084 576.1 45.0 1,585

CR1‐C34‐NP Non‐P Structure 658,661 4,990,389 589.1 44.5 1,286

CR1‐C44‐NP Non‐P Structure 665,076 4,993,095 578.2 44.0 1,801

CR1‐C52‐NP Non‐P Structure 654,924 4,995,231 603.0 44.0 1,335

CR1‐C62‐NP Non‐P Structure 658,375 4,995,138 615.0 43.9 820

CR1‐C14‐NP Non‐P Structure 657,982 4,985,894 609.0 43.4 1,191

CR1‐C31‐NP Non‐P Structure 665,939 4,988,950 585.4 43.4 1,637

CR1‐C16‐NP Non‐P Structure 661,960 4,986,288 606.0 43.3 948

CR1‐C61‐NP Non‐P Structure 656,690 4,997,831 612.0 43.1 912

CR1‐C39‐NP Non‐P Structure 660,144 4,991,670 588.0 42.2 856

CR1‐C28‐NP Non‐P Structure 665,429 4,988,598 590.8 42.1 1,483

CR1‐C71‐NP Non‐P Structure 665,137 4,988,378 594.6 42.1 909

CR1‐C72‐NP Non‐P Structure 665,158 4,988,170 595.2 42.1 3,776

CR1‐C70‐NP Non‐P Structure 665,135 4,988,293 595.7 42.0 2,940

CR1‐C63‐NP Non‐P Structure 658,566 4,995,254 612.6 41.9 2,277

CR1‐C40‐NP Non‐P Structure 657,865 4,991,818 583.8 41.5 1,555
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C29‐NP Non‐P Structure 666,572 4,988,867 575.9 41.4 1,952

CR1‐C7‐NP Non‐P Structure 660,893 4,984,861 593.2 41.3 1,253

CR1‐C38‐NP Non‐P Structure 660,639 4,991,557 597.0 40.9 1,027

CR1‐C60‐NP Non‐P Structure 656,855 4,998,565 613.5 40.3 2,218

CR1‐C27‐NP Non‐P Structure 656,876 4,988,683 583.0 40.0 1,752

CR1‐C67‐NP Non‐P Structure 659,789 4,985,057 606.0 39.0 5,791

CR1‐C66‐NP Non‐P Structure 659,718 4,985,032 606.0 38.9 5,800

CR1‐C3‐NP Non‐P Structure 657,888 4,984,697 604.2 38.8 2,936

CR1‐C5‐NP Non‐P Structure 659,958 4,984,794 605.2 38.8 5,659

CR1‐C4‐NP Non‐P Structure 659,744 4,984,749 605.9 38.5 3,914

CR1‐C2‐NP Non‐P Structure 658,791 4,984,483 601.6 37.3 5,036

CR1‐C33‐NP Non‐P Structure 656,839 4,990,404 569.8 37.3 5,856

CR1‐C65‐NP Non‐P Structure 665,805 4,995,305 579.0 37.3 2,825

CR1‐C32‐NP Non‐P Structure 655,843 4,989,581 568.6 37.0 4,970

CR1‐C54‐NP Non‐P Structure 663,421 4,995,376 583.4 36.3 5,075

CR1‐C53‐NP Non‐P Structure 663,376 4,996,043 578.6 35.1 4,009

CR1‐C1‐NP Non‐P Structure 656,743 4,983,525 595.9 34.9 4,203

CR1‐C45‐NP Non‐P Structure 653,390 4,993,503 573.0 34.8 4,291

CR1‐C11‐P Participant Structure 664,111 4,985,679 609.0 47.9 738

CR1‐C30‐P Participant Structure 661,699 4,988,957 615.0 47.9 718

CR1‐C9‐P Participant Structure 665,352 4,985,004 609.0 47.7 1,079

CR1‐C10‐P Participant Structure 663,510 4,985,195 609.0 47.0 610

CR1‐C13‐P Participant Structure 663,792 4,985,785 612.0 46.9 591

CR1‐C50‐P Participant Structure 656,806 4,994,388 621.0 46.7 984

CR1‐C37‐P Participant Structure 663,563 4,991,342 605.1 46.5 699

CR1‐C19‐P Participant Structure 659,243 4,987,276 611.5 46.4 761

CR1‐C36‐P Participant Structure 663,181 4,990,600 615.0 46.2 1,033

CR1‐C15‐P Participant Structure 663,291 4,986,026 615.0 46.1 692

CR2‐C150‐P Participant Structure 657,178 4,985,788 612.0 46.1 591

CR1‐C46‐P Participant Structure 655,802 4,993,540 609.7 45.9 561

CR1‐C68‐P Participant Structure 662,652 4,987,606 609.0 45.4 2,146

CR1‐C69‐P Participant Structure 662,685 4,987,619 609.0 45.3 2,185

CR1‐C17‐P Participant Structure 658,031 4,986,373 609.1 45.1 1,837

CR1‐C18‐P Participant Structure 663,651 4,987,157 610.5 44.8 597

CR1‐C58‐P Participant Structure 657,781 4,996,906 615.0 44.8 732

CR1‐C64‐P Participant Structure 659,436 4,992,174 581.0 44.8 679

CR1‐C48‐P Participant Structure 664,247 4,993,646 588.0 44.7 577

CR1‐C42‐P Participant Structure 659,458 4,992,229 580.0 44.6 604
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results at land parcel boundaries and occupied structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C20‐P Participant Structure 663,054 4,987,455 606.0 44.5 682

CR1‐C12‐P Participant Structure 662,222 4,985,736 603.0 44.3 1,591

CR1‐C57‐P Participant Structure 656,628 4,995,266 615.0 44.2 1,319

CR1‐C35‐P Participant Structure 662,025 4,990,475 609.0 43.9 1,112

CR1‐C51‐P Participant Structure 657,455 4,995,160 621.0 43.9 564

CR1‐C56‐P Participant Structure 655,953 4,995,244 606.0 43.9 1,621

CR1‐C12‐1‐P Participant Structure 662,199 4,986,047 606.0 43.6 2,818

CR1‐C59‐P Participant Structure 661,548 5,000,754 584.1 42.5 623

CR1‐C21‐P Participant Structure 660,756 4,984,086 594.8 42.0 2,388

CR1‐C22‐P Participant Structure 660,755 4,984,082 594.8 42.0 2,375

CR1‐C23‐P Participant Structure 660,619 4,984,078 596.0 41.5 2,523

CR1‐C26‐P Participant Structure 657,767 4,988,493 597.0 40.6 1,867

CR1‐C8‐P Participant Structure 660,532 4,984,445 599.7 40.1 2,139

CR1‐C47‐P Participant Structure 662,825 4,993,508 613.8 39.4 1,076

CR1‐C55‐P Participant Structure 660,914 4,995,169 607.9 39.3 722

CR1‐C49‐P Participant Structure 662,250 4,993,731 609.0 38.3 5,105

CR1‐C6‐P Participant Structure 662,989 4,995,228 599.8 36.3 3,878
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results Structure occupied structures and accessory structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G68‐NP Non‐P Structure 669,159 4,993,632 564.7 43.0 2,113

CR1‐G131‐NP Non‐P Structure 668,466 5,005,145 505.1 42.9 2,133

CR1‐G128‐NP Non‐P Structure 670,242 5,001,314 513.0 42.8 2,612

CR1‐G125‐NP Non‐P Structure 668,289 5,000,643 543.0 42.8 1,716

CR1‐G43‐NP Non‐P Structure 661,141 5,001,721 584.2 42.7 1,909

CR1‐G23‐NP Non‐P Structure 670,471 4,992,104 560.1 42.5 2,185

CR1‐G135‐NP Non‐P Structure 668,616 5,005,161 504.2 42.5 2,142

CR1‐G136‐NP Non‐P Structure 667,706 5,004,861 522.0 42.2 2,277

CR1‐G16‐NP Non‐P Structure 668,419 4,989,861 576.0 41.8 2,070

CR1‐G138‐NP Non‐P Structure 664,809 5,006,456 549.0 41.7 1,824

CR1‐G137‐NP Non‐P Structure 666,501 5,005,136 529.5 41.5 1,939

CR1‐G34‐NP Non‐P Structure 671,320 4,995,798 531.0 40.8 2,238

CR1‐G81‐NP Non‐P Structure 671,478 4,997,523 508.7 40.7 2,421

CR1‐G114‐NP Non‐P Structure 666,214 5,006,667 520.8 40.7 2,205

CR1‐G132‐NP Non‐P Structure 669,098 5,004,948 501.0 40.6 2,703

CR1‐G115‐NP Non‐P Structure 664,933 5,006,731 544.6 40.4 2,188

CR1‐G113‐NP Non‐P Structure 666,228 5,005,549 537.0 40.2 2,746

CR1‐G109‐NP Non‐P Structure 667,064 5,000,425 566.4 40.0 2,152

CR1‐G26‐NP Non‐P Structure 672,589 4,993,869 531.0 39.9 3,140

CR1‐G139‐NP Non‐P Structure 668,199 5,008,062 475.9 39.8 2,612

CR1‐G108‐NP Non‐P Structure 669,516 5,001,186 522.2 39.7 3,586

CR1‐G126‐NP Non‐P Structure 672,157 5,000,446 484.3 39.3 3,176

CR1‐G130‐NP Non‐P Structure 668,147 5,000,233 549.0 39.3 3,005

CR1‐G14‐NP Non‐P Structure 668,156 4,989,332 574.1 38.7 3,940

CR1‐G127‐NP Non‐P Structure 669,534 4,999,939 533.9 38.7 3,369

CR1‐G44‐NP Non‐P Structure 661,781 5,001,732 583.7 38.6 3,123

CR1‐G133‐NP Non‐P Structure 669,881 5,005,460 478.8 38.3 3,556

CR1‐G42‐NP Non‐P Structure 670,566 4,997,097 518.9 38.0 3,819

CR1‐G12‐NP Non‐P Structure 668,229 4,989,039 575.0 38.0 4,623

CR1‐G13‐NP Non‐P Structure 672,216 4,989,142 558.0 37.2 3,576

CR1‐G37‐NP Non‐P Structure 668,998 4,996,452 549.0 36.6 5,246

CR1‐G129‐NP Non‐P Structure 673,111 4,997,703 477.8 36.3 4,153

CR1‐G36‐NP Non‐P Structure 673,559 4,996,344 498.1 35.4 6,211

CR1‐G105‐NP Non‐P Structure 668,696 4,998,325 549.0 35.2 6,345

CR1‐G38‐NP Non‐P Structure 673,972 4,996,493 494.5 35.0 5,646

CR1‐G22‐NP Non‐P Structure 674,670 4,991,955 527.6 34.8 5,781

CR1‐G110‐NP Non‐P Structure 671,218 5,005,064 456.4 34.7 5,889

CR1‐G27‐NP Non‐P Structure 676,630 4,994,642 480.8 33.9 4,944
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Table C‐2: Crowned Ridge Sound Level Tabular Results Sorted by Sound Level

Realistic case sound results Structure occupied structures and accessory structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G77‐NP Non‐P Structure 676,031 4,992,629 503.1 33.2 5,728

CR1‐G117‐NP Non‐P Structure 663,801 5,005,084 581.3 33.0 6,004

CR1‐G65‐P Participant Structure 671,496 4,994,973 537.0 45.3 1,539

CR1‐G18‐P Participant Structure 668,678 4,990,722 585.0 45.1 1,585

CR1‐G32‐P Participant Structure 669,477 4,995,401 546.0 45.1 1,545

CR1‐G21‐P Participant Structure 666,766 4,991,807 577.1 44.9 1,555

CR1‐G66‐P Participant Structure 670,802 4,994,681 539.8 44.0 1,801

CR1‐G25‐P Participant Structure 671,391 4,992,858 549.0 43.8 1,804

CR1‐G19‐P Participant Structure 671,018 4,990,744 570.0 43.4 2,077

CR1‐G67‐P Participant Structure 669,597 4,993,440 555.8 43.2 2,106

CR1‐G28‐P Participant Structure 673,113 4,994,772 514.1 43.2 1,614

CR1‐G124‐P Participant Structure 669,843 5,000,605 525.0 42.7 1,791

CR1‐G24‐P Participant Structure 673,058 4,992,440 539.4 40.5 2,231

CR1‐G15‐P Participant Structure 668,396 4,989,607 576.0 40.0 2,746

CR1‐G33‐P Participant Structure 668,911 4,995,550 548.7 39.9 2,779

CR1‐G59‐P Participant Structure 675,755 4,994,888 488.3 39.6 2,605

CR1‐G41‐P Participant Structure 671,563 4,997,050 497.7 37.9 3,983

CR1‐G60‐P Participant Structure 675,830 4,995,687 477.0 36.3 3,343

CR1‐G140‐P Participant Structure 664,546 5,007,269 551.1 34.6 4,360
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1 

Executive	Summary	

EAPC was hired to provide estimates of the potential shadow flicker impacts for a proposed 
wind turbine layout in Codington and Grant Counties of the Crowned Ridge wind farm project 
in northeastern South Dakota. The scope of this report includes all proposed turbines 
included in the Crowned Ridge project that will be permitted separately through the South 
Dakota Public Utilities Commission. Locations of area occupied structures and a wind turbine 
layout using a mixture of wind turbines manufactured by General Electric (GE) were provided 
to EAPC by Crowned Ridge Wind, LLC. A computer model was built combining digital elevation 
data with the information supplied by Crowned Ridge Wind, LLC to generate shadow flicker 
models for the site. The resulting models were then used to perform shadow flicker 
calculations for the 150 turbines. Based on the calculations, site‐wide realistic shadow flicker 
maps were produced to predict the shadow flicker at nearby residences within the Crowned 
Ridge Project area. 

The model is based on a number of conservative assumptions. No credit was taken for the 
blocking effects of trees or buildings. The receptors were omni‐directional rather than 
modeling specific facades of buildings, and the study assumes 100% turbine availability. 

The scope of this study includes the shadow flicker impacts of the Crowned Ridge wind farm 
on the two counties it is located within, Codington and Grant. The shadow flicker ordinances 
of both counties limit the maximum number of shadow flicker to 30 hours per year at 
occupied structures. 

For the shadow study in Codington County, the 67 occupied structures (33 participating and 
34 non‐participating) were represented in the model by omni‐directional shadow receptors 
that simulate a 1 m x 1 m window at 1 m above ground level.  

For the shadow study in Grant County, 58 occupied structures (17 participating and 41 non‐
participating) were represented in the model by omni‐directional shadow receptors that 
simulate a 1 m x 1 m window at 1 m above ground level. 

For the Crowned Ridge turbine array provided, no occupied structures experienced more than 
29 hours and 50 minutes of shadow flickering per year based on realistic assumptions 
regarding operational time and sunshine probability, therefore, the Crowned Ridge wind farm 
is in compliance with the shadow flicker limitations set forth in both Codington County’s 
Section 5.22.03 paragraph 13 of Ordinance #68, and Section 1211.04 paragraph 14 of Grant 
County’s Ordinance 2016‐01C, which is 30 hours per year. 
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2 
 

1. INTRODUCTION	

EAPC was hired to conduct shadow flicker studies for the regional development of the 
Crowned Ridge wind farm project located in Codington and Grant Counties in 
northeastern South Dakota. The regional development’s layout consists of 137 GE 2.3 MW 
wind turbines with a hub height of 90 meters (including 20 alternate turbine locations) 
and 13 GE 2.3 MW wind turbines with a hub height of 80 meters for a total of 150 wind 
turbines. The locations of the proposed wind turbines were supplied by Crowned Ridge 
Wind, LLC. 
 
From the database of occupied structures and coordinates supplied by Crowned Ridge 
Wind, LLC, 67 occupied structures (33 participating and 34 non‐participating)  in 
Codington County and 58 occupied structures (17 participating and 41 non‐participating) 
in Grant County were found to be within 2 kilometers of a wind turbine and were included 
in the shadow models. Shadow flicker does not extend beyond a distance of 
approximately 1,700 meters from the wind turbine base. 
 
The area of interest for this report is located in Codington and Grant Counties near the 
town of Watertown in northeastern South Dakota. The surrounding terrain has a change 
in elevation across the project site ranging from 475 to 621 meters (1,558 to 2,037 feet) at 
the wind turbine base. The region’s vegetation is comprised primarily of prairie grass and 
agricultural land. The project overview map can be found in Appendix A. 

2. BACKGROUND	

Shadow flicker from wind turbines occurs when rotating wind turbine blades move 
between the sun and the observer. Shadow flicker is generally experienced in areas near 
wind turbines where the distance between the observer and wind turbine blade is short 
enough that sunlight has not been significantly diffused by the atmosphere. When the 
blades rotate, this shadow creates a pulsating effect, known as shadow flicker. If the 
blade’s shadow is passing over the window of a building, it will have the effect of 
increasing and decreasing the light intensity in the room at a low frequency in the range 
of 0.4 to 0.78 Hz, hence the term “flicker.” In this case, with a maximum rotational speed 
of 15.6 rpm for the GE 2.3‐116, the frequency would be 0.78 Hz. This flickering effect can 
also be experienced outdoors, but the effect is typically less intense, and becomes less 
intense when farther from the wind turbine causing the flicker. 

This flickering effect is most noticeable within approximately 1,000 meters of the turbine, 
and becomes more and more diffused as the distance increases. Beyond 1,700 meters, 
the shadow flicker effects are indistinguishable. There are no uniform standards defining 
what distance from the turbine is regarded as an acceptable limit beyond which the 
shadow flicker is considered to be insignificant. The same applies to the number of hours 
of flickering that is deemed to be acceptable. For this study, in the interest of being 
conservative, any occupied structure within 2,000 meters of a wind turbine was included 
in the analysis.  
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Shadow flicker is typically greatest in the winter months when the angle of the sun is 
lower and casts longer shadows. The effect is also more pronounced around sunrise and 
sunset when the sun is near the horizon and the shadows are longer. A number of factors 
influence the amount of shadow flicker on the shadow receptors.  

One consideration is the environment around the shadow receptor. Obstacles such as 
terrain, trees or buildings between the wind turbine and the receptor can significantly 
reduce or eliminate shadow flicker effects. Deciduous trees may block the shadow 
flickering effect to some degree, depending on the tree density, species present and time 
of year. Deciduous trees can lead to a reduction of shadow flicker during the summer 
when the trees are bearing leaves.  However, during the winter months, these trees are 
without their leaves and their impact on shadow flicker is not as significant. Coniferous 
trees tend to provide mitigation from shadow flicker year round. For this study, no credit 
was taken for any potential shading effects from any type of trees or other obstacles that 
would reduce the number of shadow flickering hours at the structures which will make 
the shadow flicker prediction more conservative (higher than in reality).      

Another consideration is the time of day when shadow flicker occurs. For example, it may 
be more acceptable for private homes to experience the shadow flickering during daytime 
hours when family members may be at work or school. Likewise, a commercial property 
would not be significantly affected if all the shadow flicker impact occurred before or 
after business hours.  

The climate also needs be considered when assessing shadow flicker. In areas with a 
significant amount of overcast weather, there would be less shadow flicker, as there are 
no shadows if the sun is blocked by clouds. Also, if the wind is not blowing, the turbines 
would not be operational and therefore not creating shadow flickering. 

3. STUDY	METHODOLOGY	

This shadow flicker analysis was performed utilizing windPRO, which has the ability to 
calculate detailed shadow flicker maps across an entire area of interest or at site‐specific 
locations using shadow receptors.   

Shadow maps which indicate where the shadows will be cast and for how long, are 
generated using windPRO, calculating the shadow flicker in varying user‐defined 
resolutions. Standard resolution was used for this study and represents shadow flicker 
being calculated every three minutes of every day over the period of an entire year over a 
grid with a 20 m by 20 m resolution.  

In addition to generating a shadow flicker map, the amount of shadow flicker that may 
occur at a specific point can be calculated more precisely by placing a shadow receptor at 
the location of interest and essentially “recording” the shadow flicker that occurs as the 
relative sunrise to sunset motion of the sun is simulated throughout an entire year.  
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The point‐specific shadow flicker calculation is run at a higher resolution as compared to 
the shadow flicker map calculation to utilize the highest precision available within 
windPRO. Shadow flicker at each shadow receptor location is calculated every minute of 
every day for an entire year. Shadow receptors can be configured to represent an omni‐
directional window of a specific size at a specific point (greenhouse mode) or a window 
facing a single direction of a specific size at a specific point (single direction mode). The 
shadow receptors used in this analysis were configured as greenhouse‐mode receptors 
representing a 1 m x 1 m window located 1 m above ground level. This represents more of 
a “worst‐case” scenario and thus will produce more conservative results since it assumes 
that all windows are always in direct line of sight with the turbines and the sun.   

As a part of the calculation method, windPRO must determine whether or not a turbine 
will be visible at the receptor locations and not blocked by local topography or obstacles.  
It does this by performing a preliminary Zones of Visual Influence (ZVI) calculation, 
utilizing 10 m grid spacing. If a particular turbine is not visible within the 10 m x 10 m area 
that the shadow receptor is contained within, then that turbine is not included in the 
shadow flicker calculation for that receptor. 

The inputs for the windPRO shadow flicker calculation include the following: 

•      Turbine Coordinates 
•      Turbine Specifications 
•      Shadow Receptor Coordinates 
•      Monthly Sunshine Probabilities 
•      Joint Wind Speed and Direction Frequency Distribution 
•      USGS Digital Elevation Model (DEM) (height contour data) 

 
A description of each input variable and how they affect the shadow flicker calculation are 
included below.  
  
Turbine Coordinates: The location of a wind turbine in relation to a shadow receptor is 
one of the most important factors in determining shadow flicker impacts. A line‐of‐site is 
required for shadow flicker to occur. The intensity of the shadow flicker is dependent 
upon the distance from the wind turbine and weather conditions. The table of wind 
turbine coordinates can be found in Appendix B. 
 
Turbine Specifications: A wind turbine’s total height and rotor diameter will be included 
in the windPRO shadow flicker model. The taller the wind turbine, the more likely shadow 
flicker could have an impact on local shadow receptors as the ability to clear obstacles 
(such as hills or trees) is greater, although in this analysis, no credit is taken for any such 
blockage from trees. The larger the rotor diameter is, the wider the area where shadows 
will be cast. Also included with the turbine specifications are the cut‐in and cut‐out wind 
speeds within which the wind turbine is operational. If the wind speed is below the cut‐in 
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threshold or above the cut‐out threshold, the turbine rotor will not be spinning and thus 
shadow flicker will not occur.   
 
Shadow Receptor Coordinates: As with the wind turbine coordinates, the elevation, 
distance and orientation of a shadow receptor in relation to the wind turbines and the sun 
are the main factors in determining the impact of shadow flicker. EAPC was provided with 
coordinates for all participating and non‐participating occupied structures found to be 
located within 2 kilometers of the 150 proposed wind turbine locations. 
  
Monthly Sunshine Probabilities: windPRO calculates sunrise and sunset times to 
determine the total annual hours of daylight for the modeled area. To further refine the 
shadow flicker calculations, the monthly probability of sunshine is included to account for 
cloud cover. The greater the probability of cloud cover, the less of an impact from shadow 
flicker. The monthly sunshine probabilities for many of the larger cities across the United 
States are available from the National Climatic Data Center (NCDC). For this study, 18 
years’ worth of monthly sunshine probability data were retrieved for Huron, SD, which 
was the closest, most representative station, to create the long‐term representative 
monthly sunshine probabilities. The long‐term representative monthly average sunshine 
probabilities are presented below in Table 1. 

Table 1: Huron, SD monthly sunshine probabilities 
 

Huron, SD Monthly Sunshine Probabilities (1965‐1983) 

Month  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

Sunshine %  0.62  0.62  0.62  0.59  0.66  0.69  0.76  0.74  0.69  0.59  0.51  0.51 

 retrieved from: http:// http://www1.ncdc.noaa.gov/pub/data/ccd‐data/pctpos15.dat 
  

Joint Wind Speed and Direction Frequency Distribution:  A set of long‐term corrected 
wind distributions was provided by Crowned Ridge Wind, LLC to represent the annual 
wind speed and direction distribution for the project site. This data was used to estimate 
the probable number of operational hours for the wind turbines from each of the 12 wind 
direction sectors. During operation, the wind turbine rotors will always be assumed to 
face into the wind and automatically orient themselves as the wind direction 
changes. Shadow flicker can only occur when the blades are turning and the wind turbine 
rotor is between the sun and the receptor. Shadow flicker is most significant when the 
rotor is facing the sun.  

 
USGS Digital Elevation Model (DEM) (height contour data): For this study, 3 m resolution 
USGS National Elevation Database (NED) DEM’s were used to construct 10‐foot interval 
height contour lines for the windPRO shadow flicker model. The height contour 
information is important to the shadow flicker calculation since it allows the model to 
place the wind turbines and the shadow receptors at the correct elevations. The height 
contour lines also allow the model to include the topography of the site when calculating 
the zones of visual influence surrounding the wind turbine and shadow receptor locations. 
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Wind Turbines from Adjacent Projects: The Crowned Ridge II project is adjacent to the 
Crowned Ridge project. Because shadow flicker impacts are cumulative, there will be 
impacts from the Crowned Ridge II project that will be additive to the impacts from the 
Crowned Ridge project. The Crowned Ridge II wind turbine array was included in the 
model to capture the full shadow flicker impacts on the receptors, which are included in 
the tabular results; however, the shadow flicker iso‐line maps only show the shadow 
flicker from the Crowned Ridge array. 
  
The actual calculation of potential shadow flicker at a given shadow receptor is carried out 
by simulating the environment near the wind turbines and the shadow receptors. The 
position of the sun relative to the turbine rotor disk and the resulting shadow is calculated 
in time steps of one minute throughout an entire year. If the shadow of the rotor disk 
(which in the calculation is assumed solid) at any time casts a shadow on a receptor 
window, then this step will be registered as one minute of shadow flicker. The calculation 
also requires that the sun must be at least 3.0° above the horizon in order to register 
shadow flicker. When the sun angle is less than 3.0°, the shadow quickly becomes too 
diffuse to be distinguishable since the amount of atmosphere that the light must pass 
through is 15 times greater than when the sun is directly overhead. 
  
The sun’s path with respect to each wind turbine location is calculated by the software to 
determine the paths of cast shadows for every minute of every day over a full year. The 
turbine runtime and direction are calculated from the site’s long‐term wind speed and 
direction distribution. Finally, the effects of cloud cover are calculated using long‐term 
reference data (monthly sunshine probability) to arrive at the projected annual flicker 
time at each receptor. 

4. RESULTS	OF	ANALYSIS	

The term “realistic“ as used in this report means that turbine operational hours and 
direction as well as local sunshine probabilities have been factored in, but no blocking or 
shading effects due to trees or structures have been accounted for. This means that the 
realistic estimates are still inherently conservative values. Also, the realistic shadow flicker 
hours predicted by windPRO assumes an availability factor of 100% which is very unlikely 
to be the case. Actual availability factors will likely be in the range of 95‐98%, however, 
with a conservative approach to estimating shadow flicker totals, the realistic estimates 
are not discounted accordingly. 
 
Crowned Ridge Codington County Turbines 
For Codington County, a total of 67 (33 participating and 34 non‐participating) occupied 
structures within 2 kilometers of a wind turbine were analyzed and standard resolution 
realistic shadow flicker maps were generated for the turbine array.   
 
The 67 shadow receptors were then modeled as greenhouse‐mode receptors and the 
estimated shadow flicker was calculated for the array. No shadow receptors are expected 
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to experience more than 28 hours and 42 minutes of shadow flicker per year. Therefore, 
the Crowned Ridge wind farm would be in compliance with Section 5.22.03 paragraph 13 
of Ordinance #68. Of the 67 receptors, the number that registered no shadow flicker 
hours was 13 (19.4%). 
 
The maximum modeled expected shadow flicker at a participating receptor is 28 hours 
and 42 minutes and the maximum modeled expected shadow flicker at a non‐
participating receptor is 28 hours and 20 minutes. Table 2 contains the realistic shadow 
flicker distribution of the 67 occupied residences.  
 

Table 2: Codington County occupied structures realistic shadow flicker distribution. 

 
 
 

Realistic 
Shadow 
Flicker 

(hrs/year) 

 
 

Number of  
Non‐Participating 

Occupied 
Structures 

 
 

Number of 
Participating 
Occupied 
Structures 

0  12  1 

0 to 5  5  3 

5 to 10  10  6 

10 to 15  2  6 

15 to 20  1  5 

20 to 25  1  6 

25 to 30  3  6 

30+  0  0 

 
Crowned Ridge Grant County Turbines 
For Grant County, 58 (17 participating and 41 non‐participating) occupied structures 
within 2 kilometers of a wind turbine were found and analyzed. Standard resolution 
realistic shadow flicker maps were generated for the turbine array.   
 
The 58 shadow receptors were then modeled as greenhouse‐mode receptors and the 
estimated shadow flicker was calculated for the array. No occupied structures are 
expected to experience more than 29 hours and 50 minutes of shadow flicker per year. 
Therefore, the Crowned Ridge wind farm would be in compliance with Section 1211.04 
paragraph 14 of Grant County’s Ordinance 2016‐01C. Of the 58 occupied structures, the 
number that registered no shadow flicker hours was 19 (32.7%).  
 
The maximum modeled expected shadow flicker at a participating receptor is 29 hours 
and 50 minutes and the maximum modeled expected shadow flicker at a non‐
participating receptor is 25 hours and 18 minutes. Table 3 contains the realistic shadow 
flicker distribution of the 58 occupied structures.  
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Table 3: Grant County occupied structures realistic shadow flicker distribution. 

	
 
 

Realistic 
Shadow 
Flicker 

(hrs/year) 

 
 

Number of  
Non‐Participating 

Occupied 
Structures 

 
 

Number of 
Participating 
Occupied 
Structures 

0  15  4 

0 to 5  10  1 

5 to 10  7  2 

10 to 15  4  3 

15 to 20  3  3 

20 to 25  1  2 

25 to 30  1  2 

30+  0  0 

 
Crowned Ridge Turbines Summary 
For the Crowned Ridge Project, no occupied structures are expected to experience more 
than 29 hours and 50 minutes of shadow flicker per year, for both counties. The summary 
of results is shown in table 4 below. The full table of results from the realistic shadow 
flicker study can be found in Appendix C. Table C‐1 lists the results sorted by receptor 
number and Table C‐2 lists the results sorted by shadow flicker hours from highest to 
lowest., The Crowned Ridge II wind turbine array was included in the model to capture the 
full shadow flicker impacts on the receptors, which are included in the tabular results; 
however, the shadow flicker iso‐line maps only show the shadow flicker from the 
Crowned Ridge array. The maps showing the shadow flicker impact iso‐lines for the 
Crowned Ridge wind farm are in Appendix D. 

 

Table 4: Summary of shadow flicker predictions. 
 

      Shadow Maximum 

      Limit  Predicted 

County  Feature  (hr/yr)  (hr/yr) 

Codington  Participating Occupied Structures  30  28:42 

   Non‐Participating Occupied Structures  30  28:20 

           

Grant  Participating Occupied Structures  30  29:50 

   Non‐Participating Occupied Structures  30  25:18 
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5. CONCLUSIONS	

The shadow flicker impact on the receptors was calculated with reductions due to turbine 
operational direction and sunshine probabilities included. For both counties, no occupied 
structures are expected to experience more than 29 hours and 50 minutes of shadow 
flicker per year. 
 
This shadow flicker analysis is based on a number of conservative assumptions including: 
 

 No credit was taken for the blocking effects of trees or buildings. 
 The receptors were omni‐directional rather than modeling specific facades of 

buildings. 

 Study assumes 100% turbine availability 

 Study assumes all turbine locations, including alternates, are built and operating 
 

The overall effect of using these conservative assumptions indicate that realistically, the 
number of hours of shadow flicker that would be observed will be less than those 
predicted by this study. 
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APPENDIX A: CROWNED RIDGE WIND ENERGY 
PROJECT SITE OVERVIEW MAP 
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐1 GE2.3 116RD 90HH r2.madE 659,443 5,003,083 610.2 LNTE

CRI‐2 GE2.3 116RD 90HH r2.madE 660,185 5,003,010 598.1 LNTE

CRI‐3 GE2.3 116RD 90HH r2.madE 661,008 5,002,288 584.2 LNTE

CRI‐4 GE2.3 116RD 90HH r2.madE 660,173 5,002,120 602.4 LNTE

CRI‐5 GE2.3 116RD 90HH r2.madE 659,337 5,001,862 609.9 LNTE

CRI‐6 GE2.3 116RD 90HH r2.madE 660,193 5,001,329 610.4 LNTE

CRI‐7 GE2.3 116RD 90HH r2.madE 659,705 5,001,146 618.0 LNTE

CRI‐8 GE2.3 116RD 90HH r2.madE 661,380 5,000,282 588.3 LNTE

CRI‐9 GE2.3 116RD 90HH r2.madE 659,731 4,999,855 613.3 LNTE

CRI‐10 GE2.3 116RD 90HH r2.madE 660,280 4,999,837 615.0 LNTE

CRI‐11 GE2.3 116RD 90HH r2.madE 658,170 4,999,546 611.0 LNTE

CRI‐12 GE2.3 116RD 90HH r2.madE 658,644 4,999,460 615.0 LNTE

CRI‐13 GE2.3 116RD 90HH r2.madE 658,622 4,998,843 613.3 LNTE

CRI‐14 GE2.3 116RD 90HH r2.madE 657,947 4,997,935 618.3 LNTE

CRI‐15 GE2.3 116RD 90HH r2.madE 658,688 4,997,924 618.9 LNTE

CRI‐16 GE2.3 116RD 90HH r2.madE 657,203 4,997,856 611.9 LNTE

CRI‐17 GE2.3 116RD 90HH r2.madE 657,476 4,997,410 611.1 LNTE

CRI‐18 GE2.3 116RD 90HH r2.madE 658,217 4,997,154 618.0 LNTE

CRI‐19 GE2.3 116RD 90HH r2.madE 654,954 4,995,804 601.1 LNTE

CRI‐20 GE2.3 116RD 90HH r2.madE 659,920 4,994,924 594.4 LNTE

CRI‐21 GE2.3 116RD 90HH r2.madE 657,925 4,994,896 617.1 LNTE

CRI‐22 GE2.3 116RD 90HH r2.madE 656,543 4,994,796 616.5 LNTE

CRI‐23 GE2.3 116RD 90HH r2.madE 655,208 4,994,717 594.5 LNTE

CRI‐24 GE2.3 116RD 90HH r2.madE 655,852 4,994,652 609.0 LNTE

CRI‐25 GE2.3 116RD 90HH r2.madE 658,251 4,994,286 606.0 LNTE

CRI‐26 GE2.3 116RD 90HH r2.madE 665,405 4,994,191 578.3 LNTE

CRI‐27 GE2.3 116RD 90HH r2.madE 657,442 4,994,187 621.0 LNTE

CRI‐28 GE2.3 116RD 90HH r2.madE 664,517 4,994,168 579.0 LNTE

CRI‐29 GE2.3 116RD 90HH r2.madE 655,940 4,994,069 606.9 LNTE

CRI‐30 GE2.3 116RD 90HH r2.madE 659,871 4,994,052 593.6 LNTE

CRI‐31 GE2.3 116RD 90HH r2.madE 655,030 4,994,051 603.0 LNTE

CRI‐32 GE2.3 116RD 90HH r2.madE 660,704 4,993,998 606.0 LNTE

CRI‐33 GE2.3 116RD 90HH r2.madE 656,566 4,993,941 618.0 LNTE

CRI‐34 GE2.3 116RD 90HH r2.madE 658,966 4,993,856 599.6 LNTE

CRI‐35 GE2.3 116RD 90HH r2.madE 657,602 4,993,347 607.5 LNTE

CRI‐36 GE2.3 116RD 90HH r2.madE 659,966 4,993,319 594.0 LNTE

CRI‐37 GE2.3 116RD 90HH r2.madE 664,419 4,993,110 587.2 LNTE

CRI‐38 GE2.3 116RD 90HH r2.madE 658,338 4,992,981 600.5 LNTE

CRI‐39 GE2.3 116RD 90HH r2.madE 656,507 4,992,958 609.0 LNTE

CRI‐40 GE2.3 116RD 90HH r2.madE 655,889 4,993,035 603.0 LNTE

CRI‐41 GE2.3 116RD 90HH r2.madE 663,782 4,992,883 597.2 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐43 GE2.3 116RD 90HH r2.madE 666,181 4,992,815 577.8 LNTE

CRI‐44 GE2.3 116RD 90HH r2.madE 665,665 4,992,460 576.0 LNTE

CRI‐46 GE2.3 116RD 90HH r2.madE 664,387 4,992,505 591.0 LNTE

CRI‐48 GE2.3 116RD 90HH r2.madE 663,794 4,991,782 587.5 LNTE

CRI‐49 GE2.3 116RD 90HH r2.madE 664,385 4,991,685 581.6 LNTE

CRI‐50 GE2.3 116RD 90HH r2.madE 662,999 4,991,622 612.0 LNTE

CRI‐51 GE2.3 116RD 90HH r2.madE 666,299 4,991,723 575.3 LNTE

CRI‐52 GE2.3 116RD 90HH r2.madE 665,426 4,991,398 575.6 LNTE

CRI‐53 GE2.3 116RD 90HH r2.madE 659,750 4,990,981 598.7 LNTE

CRI‐54 GE2.3 116RD 90HH r2.madE 665,979 4,990,946 573.7 LNTE

CRI‐55 GE2.3 116RD 90HH r2.madE 659,045 4,990,899 597.0 LNTE

CRI‐56 GE2.3 116RD 90HH r2.madE 664,548 4,990,794 591.9 LNTE

CRI‐57 GE2.3 116RD 90HH r2.madE 663,874 4,990,787 600.1 LNTE

CRI‐58 GE2.3 116RD 90HH r2.madE 665,663 4,990,303 585.0 LNTE

CRI‐59 GE2.3 116RD 90HH r2.madE 666,523 4,990,291 573.0 LNTE

CRI‐60 GE2.3 116RD 90HH r2.madE 659,155 4,990,208 593.9 LNTE

CRI‐61 GE2.3 116RD 90HH r2.madE 662,982 4,990,178 612.0 LNTE

CRI‐62 GE2.3 116RD 90HH r2.madE 660,954 4,990,155 600.8 LNTE

CRI‐63 GE2.3 116RD 90HH r2.madE 664,627 4,989,977 588.7 LNTE

CRI‐64 GE2.3 116RD 90HH r2.madE 663,858 4,990,188 604.5 LNTE

CRI‐65 GE2.3 116RD 90HH r2.madE 661,732 4,989,898 609.0 LNTE

CRI‐66 GE2.3 116RD 90HH r2.madE 663,165 4,989,613 614.9 LNTE

CRI‐67 GE2.3 116RD 90HH r2.madE 666,226 4,989,531 574.8 LNTE

CRI‐68 GE2.3 116RD 90HH r2.madE 665,420 4,989,461 585.0 LNTE

CRI‐69 GE2.3 116RD 80HH r2.madE 660,621 4,989,453 605.4 LNTE

CRI‐70 GE2.3 116RD 90HH r2.madE 662,171 4,989,319 611.0 LNTE

CRI‐71 GE2.3 116RD 80HH r2.madE 659,405 4,989,320 607.4 LNTE

CRI‐72 GE2.3 116RD 80HH r2.madE 660,087 4,989,309 606.0 LNTE

CRI‐73 GE2.3 116RD 90HH r2.madE 661,344 4,989,297 609.8 LNTE

CRI‐74 GE2.3 116RD 90HH r2.madE 663,041 4,988,744 615.0 LNTE

CRI‐75 GE2.3 116RD 90HH r2.madE 664,137 4,988,702 609.0 LNTE

CRI‐76 GE2.3 116RD 90HH r2.madE 662,399 4,988,667 615.0 LNTE

CRI‐77 GE2.3 116RD 80HH r2.madE 659,158 4,988,642 612.0 LNTE

CRI‐78 GE2.3 116RD 80HH r2.madE 660,811 4,988,558 604.2 LNTE

CRI‐79 GE2.3 116RD 90HH r2.madE 656,125 4,988,485 595.0 LNTE

CRI‐80 GE2.3 116RD 90HH r2.madE 661,552 4,988,481 608.8 LNTE

CRI‐81 GE2.3 116RD 90HH r2.madE 659,825 4,988,365 606.5 LNTE

CRI‐82 GE2.3 116RD 90HH r2.madE 663,271 4,988,133 613.0 LNTE

CRI‐83 GE2.3 116RD 90HH r2.madE 662,227 4,988,103 606.5 LNTE

CRI‐84 GE2.3 116RD 80HH r2.madE 660,677 4,987,880 600.5 LNTE

CRI‐85 GE2.3 116RD 90HH r2.madE 659,295 4,987,798 612.0 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐86 GE2.3 116RD 90HH r2.madE 658,534 4,987,759 613.3 LNTE

CRI‐87 GE2.3 116RD 90HH r2.madE 661,830 4,987,596 609.0 LNTE

CRI‐88 GE2.3 116RD 90HH r2.madE 660,157 4,987,492 603.0 LNTE

CRI‐89 GE2.3 116RD 80HH r2.madE 657,758 4,986,926 614.9 LNTE

CRI‐90 GE2.3 116RD 80HH r2.madE 658,545 4,986,881 612.0 LNTE

CRI‐91 GE2.3 116RD 80HH r2.madE 657,023 4,986,868 612.0 LNTE

CRI‐92 GE2.3 116RD 80HH r2.madE 660,039 4,986,804 606.9 LNTE

CRI‐93 GE2.3 116RD 80HH r2.madE 659,133 4,986,700 608.0 LNTE

CRI‐94 GE2.3 116RD 80HH r2.madE 660,716 4,986,660 600.7 LNTE

CRI‐95 GE2.3 116RD 90HH r2.madE 657,488 4,986,184 612.0 LNTE

CRI‐96 GE2.3 116RD 90HH r2.madE 656,744 4,986,037 609.0 LNTE

CRI‐97 GE2.3 116RD 80HH r2.madE 655,899 4,985,715 592.6 LNTE

CRI‐98 GE2.3 116RD 90HH r2.madE 657,015 4,985,192 609.0 LNTE

CRI‐99 GE2.3 116RD 90HH r2.madE 672,521 4,990,188 556.7 LNTE

CRI‐100 GE2.3 116RD 90HH r2.madE 668,885 4,990,286 585.0 LNTE

CRI‐101 GE2.3 116RD 90HH r2.madE 672,921 4,990,513 544.6 LNTE

CRI‐102 GE2.3 116RD 90HH r2.madE 668,059 4,991,023 580.9 LNTE

CRI‐103 GE2.3 116RD 90HH r2.madE 669,279 4,991,115 582.0 LNTE

CRI‐104 GE2.3 116RD 90HH r2.madE 672,009 4,991,151 555.0 LNTE

CRI‐105 GE2.3 116RD 90HH r2.madE 670,488 4,991,091 571.7 LNTE

CRI‐106 GE2.3 116RD 90HH r2.madE 671,278 4,991,335 567.0 LNTE

CRI‐107 GE2.3 116RD 90HH r2.madE 667,723 4,991,800 582.0 LNTE

CRI‐108 GE2.3 116RD 90HH r2.madE 672,917 4,991,775 541.2 LNTE

CRI‐109 GE2.3 116RD 90HH r2.madE 670,897 4,992,616 557.3 LNTE

CRI‐111 GE2.3 116RD 90HH r2.madE 671,220 4,993,526 550.6 LNTE

CRI‐112 GE2.3 116RD 90HH r2.madE 670,419 4,993,665 561.0 LNTE

CRI‐113 GE2.3 116RD 90HH r2.madE 675,201 4,994,165 497.6 LNTE

CRI‐114 GE2.3 116RD 90HH r2.madE 669,318 4,994,256 561.8 LNTE

CRI‐115 GE2.3 116RD 90HH r2.madE 673,402 4,994,374 516.4 LNTE

CRI‐116 GE2.3 116RD 90HH r2.madE 671,642 4,994,527 531.0 LNTE

CRI‐117 GE2.3 116RD 90HH r2.madE 669,488 4,994,930 545.6 LNTE

CRI‐118 GE2.3 116RD 90HH r2.madE 669,961 4,995,134 540.3 LNTE

CRI‐119 GE2.3 116RD 90HH r2.madE 674,992 4,995,107 492.0 LNTE

CRI‐120 GE2.3 116RD 90HH r2.madE 671,034 4,995,179 536.2 LNTE

CRI‐121 GE2.3 116RD 90HH r2.madE 670,629 4,998,259 531.0 LNTE

CRI‐122 GE2.3 116RD 90HH r2.madE 671,475 4,998,261 517.8 LNTE

CRI‐123 GE2.3 116RD 90HH r2.madE 672,180 4,998,561 505.0 LNTE

CRI‐124 GE2.3 116RD 90HH r2.madE 670,926 4,999,036 523.3 LNTE

CRI‐125 GE2.3 116RD 90HH r2.madE 671,580 4,999,340 509.8 LNTE

CRI‐126 GE2.3 116RD 90HH r2.madE 670,382 5,000,519 516.0 LNTE

CRI‐127 GE2.3 116RD 90HH r2.madE 670,845 5,000,795 507.4 LNTE
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Crowned Ridge Wind Farm

GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

continued

WTG  Turbine Type Easting (m) Northing (m) Base Elev. AMSL (m) Sound Profile

CRI‐128 GE2.3 116RD 90HH r2.madE 671,388 5,001,034 498.4 LNTE

CRI‐129 GE2.3 116RD 90HH r2.madE 667,516 5,000,900 553.8 LNTE

CRI‐130 GE2.3 116RD 90HH r2.madE 668,158 5,001,149 546.0 LNTE

CRI‐131 GE2.3 116RD 90HH r2.madE 670,512 5,002,137 504.0 LNTE

CRI‐132 GE2.3 116RD 90HH r2.madE 670,875 5,002,186 499.0 LNTE

CRI‐133 GE2.3 116RD 90HH r2.madE 669,990 5,002,521 502.6 LNTE

CRI‐134 GE2.3 116RD 90HH r2.madE 671,497 5,002,893 483.0 LNTE

CRI‐Alt1 GE2.3 116RD 90HH r2.madE 673,995 4,994,412 508.0 LNTE

CRI‐Alt2 GE2.3 116RD 90HH r2.madE 669,250 4,992,900 562.3 LNTE

CRI‐Alt3 GE2.3 116RD 90HH r2.madE 668,624 4,991,988 581.3 LNTE

CRI‐Alt4 GE2.3 116RD 90HH r2.madE 670,047 5,003,703 495.4 LNTE

CRI‐Alt7 GE2.3 116RD 90HH r2.madE 669,265 5,004,141 504.3 LNTE

CRI‐Alt8 GE2.3 116RD 90HH r2.madE 667,012 5,004,840 525.5 LNTE

CRI‐Alt9 GE2.3 116RD 90HH r2.madE 667,945 5,005,534 511.0 LNTE

CRI‐Alt11 GE2.3 116RD 90HH r2.madE 668,585 5,005,813 499.5 LNTE

CRI‐Alt12 GE2.3 116RD 90HH r2.madE 665,718 5,006,213 532.5 LNTE

CRI‐Alt14 GE2.3 116RD 90HH r2.madE 667,485 5,006,268 514.9 LNTE

CRI‐Alt15 GE2.3 116RD 90HH r2.madE 669,174 5,006,282 480.8 LNTE

CRI‐Alt16 GE2.3 116RD 90HH r2.madE 665,280 5,006,161 540.0 LNTE

CRI‐Alt17 GE2.3 116RD 90HH r2.madE 668,112 5,007,271 490.7 LNTE

CRI‐Alt18 GE2.3 116RD 90HH r2.madE 668,857 5,007,463 475.0 LNTE

CRI‐Alt19 GE2.3 116RD 90HH r2.madE 663,816 4,986,314 613.1 LNTE

CRI‐Alt20 GE2.3 116RD 90HH r2.madE 664,124 4,986,705 611.8 LNTE

CRI‐Alt22 GE2.3 116RD 90HH r2.madE 662,551 4,986,877 614.6 LNTE

CRI‐Alt42 GE2.3 116RD 90HH r2.madE 659,646 4,992,833 585.0 LNTE

CRI‐Alt45 GE2.3 116RD 90HH r2.madE 657,553 4,992,576 599.8 LNTE

CRI‐Alt47 GE2.3 116RD 90HH r2.madE 659,131 4,991,788 579.0 LNTE
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Exhibit A1-I

 
007389

ADMINISTRATIVE RECORD - Scan 8 - Page 93 of 299

- Page 2563 -



Table C‐1: Crowned Ridge Shadow Flicker Tabular Results Sorted by Receptor ID

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

CR1‐C1‐NP Non‐P 656,743.00 4,983,525.00 595.9 0:00 5,541

CR1‐C2‐NP Non‐P 658,791.00 4,984,483.00 601.6 0:00 6,273

CR1‐C3‐NP Non‐P 657,888.00 4,984,697.00 604.2 4:10 3,294

CR1‐C4‐NP Non‐P 659,744.00 4,984,749.00 605.9 0:00 5,981

CR1‐C5‐NP Non‐P 659,958.00 4,984,794.00 605.2 0:00 5,659

CR1‐C6‐P Participant 662,989.00 4,995,228.00 599.8 0:00 6,102

CR1‐C7‐NP Non‐P 660,893.00 4,984,861.00 593.2 0:00 3,022

CR1‐C9‐P Participant 665,352.00 4,985,004.00 609.0 18:25 1,621

CR1‐C10‐P Participant 663,510.00 4,985,195.00 609.0 12:55 1,762

CR1‐C11‐P Participant 664,111.00 4,985,679.00 609.0 12:03 1,614

CR1‐C12‐P Participant 662,222.00 4,985,736.00 603.0 18:29 2,201

CR1‐C12‐1‐P Participant 662,199.00 4,986,047.00 606.0 10:06 2,818

CR1‐C13‐P Participant 663,792.00 4,985,785.00 612.0 22:39 1,739

CR1‐C14‐NP Non‐P 657,982.00 4,985,894.00 609.0 9:59 1,880

CR1‐C15‐P Participant 663,291.00 4,986,026.00 615.0 21:43 1,952

CR1‐C16‐NP Non‐P 661,960.00 4,986,288.00 606.0 7:49 2,736

CR1‐C17‐P Participant 658,031.00 4,986,373.00 609.1 26:40 1,886

CR1‐C18‐P Participant 663,651.00 4,987,157.00 610.5 23:07 2,146

CR1‐C19‐P Participant 659,243.00 4,987,276.00 611.5 21:20 1,722

CR1‐C20‐P Participant 663,054.00 4,987,455.00 606.0 16:02 2,336

CR1‐C26‐P Participant 657,767.00 4,988,493.00 597.0 7:32 3,484

CR1‐C27‐NP Non‐P 656,876.00 4,988,683.00 583.0 6:58 2,549

CR1‐C28‐NP Non‐P 665,429.00 4,988,598.00 590.8 2:43 2,831

CR1‐C29‐NP Non‐P 666,572.00 4,988,867.00 575.9 6:54 2,457

CR1‐C30‐P Participant 661,699.00 4,988,957.00 615.0 23:21 1,614

CR1‐C31‐NP Non‐P 665,939.00 4,988,950.00 585.4 0:00 2,126

CR1‐C32‐NP Non‐P 655,843.00 4,989,581.00 568.6 0:00 3,714

CR1‐C33‐NP Non‐P 656,839.00 4,990,404.00 569.8 0:00 6,719

CR1‐C34‐NP Non‐P 658,661.00 4,990,389.00 589.1 26:03 1,726

CR1‐C35‐P Participant 662,025.00 4,990,475.00 609.0 11:47 2,123

CR1‐C36‐P Participant 663,181.00 4,990,600.00 615.0 25:52 1,532

CR1‐C37‐P Participant 663,563.00 4,991,342.00 605.1 27:44 1,631

CR1‐C38‐NP Non‐P 660,639.00 4,991,557.00 597.0 6:04 3,474

CR1‐C39‐NP Non‐P 660,144.00 4,991,670.00 588.0 6:55 2,605

CR1‐C40‐NP Non‐P 657,865.00 4,991,818.00 583.8 6:42 2,690

CR1‐C41‐NP Non‐P 665,053.00 4,992,084.00 576.1 20:43 2,359

CR1‐C42‐P Participant 659,458.00 4,992,229.00 580.0 11:54 1,801

CR1‐C44‐NP Non‐P 665,076.00 4,993,095.00 578.2 28:20 2,159

CR1‐C45‐NP Non‐P 653,390.00 4,993,503.00 573.0 1:41 5,673

Receptor ID  Easting (m) Northing (m)
Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Distance to Nearest 

Turbine (ft)

Participation 

Status

Exhibit A1-I
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Table C‐1: Crowned Ridge Shadow Flicker Tabular Results Sorted by Receptor ID

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C46‐P Participant 655,802.00 4,993,540.00 609.7 25:38 1,680

CR1‐C47‐P Participant 662,825.00 4,993,508.00 613.8 5:00 3,750

CR1‐C48‐P Participant 664,247.00 4,993,646.00 588.0 3:46 1,923

CR1‐C49‐P Participant 662,250.00 4,993,731.00 609.0 1:12 5,148

CR1‐C50‐P Participant 656,806.00 4,994,388.00 621.0 28:30 1,591

CR1‐C51‐P Participant 657,455.00 4,995,160.00 621.0 24:39 1,768

CR1‐C52‐NP Non‐P 654,924.00 4,995,231.00 603.0 6:46 1,883

CR1‐C53‐NP Non‐P 663,376.00 4,996,043.00 578.6 0:00 7,201

CR1‐C54‐NP Non‐P 663,421.00 4,995,376.00 583.4 0:00 5,351

CR1‐C55‐P Participant 660,914.00 4,995,169.00 607.9 2:51 3,360

CR1‐C56‐P Participant 655,953.00 4,995,244.00 606.0 28:42 1,972

CR1‐C57‐P Participant 656,628.00 4,995,266.00 615.0 10:23 1,568

CR1‐C58‐P Participant 657,781.00 4,996,906.00 615.0 15:49 1,647

CR1‐C59‐P Participant 661,548.00 5,000,754.00 584.1 7:36 1,644

CR1‐C60‐NP Non‐P 656,855.00 4,998,565.00 613.5 3:29 2,592

CR1‐C61‐NP Non‐P 656,690.00 4,997,831.00 612.0 27:42 1,686

CR1‐C62‐NP Non‐P 658,375.00 4,995,138.00 615.0 18:05 1,676

CR1‐C63‐NP Non‐P 658,566.00 4,995,254.00 612.6 10:42 2,408

CR1‐C64‐P Participant 659,436.00 4,992,174.00 581.0 19:47 1,614

CR1‐C65‐NP Non‐P 665,805.00 4,995,305.00 579.0 1:29 3,884

CR1‐C66‐NP Non‐P 659,718.00 4,985,032.00 606.0 0:00 5,800

CR1‐C67‐NP Non‐P 659,789.00 4,985,057.00 606.0 0:00 5,791

CR1‐C68‐P Participant 662,652.00 4,987,606.00 609.0 8:10 2,146

CR1‐C69‐P Participant 662,685.00 4,987,619.00 609.0 7:45 2,185

CR1‐C70‐NP Non‐P 665,135.00 4,988,293.00 595.7 12:05 3,540

CR1‐C71‐NP Non‐P 665,137.00 4,988,378.00 594.6 7:28 3,448

CR1‐C72‐NP Non‐P 665,158.00 4,988,170.00 595.2 7:38 3,776

CR2‐C150‐P Participant 657,178.00 4,985,788.00 612.0 9:58 1,640

Receptor ID  Easting (m) Northing (m)
Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Distance to Nearest 

Turbine (ft)

Participation 

Status

Exhibit A1-I
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Table C‐1: Crowned Ridge Shadow Flicker Tabular Results Sorted by Receptor ID

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G12‐NP Non‐P 668,229.00 4,989,039.00 575.0 0:00 4,623

CR1‐G13‐NP Non‐P 672,216.00 4,989,142.00 558.0 0:00 3,576

CR1‐G14‐NP Non‐P 668,156.00 4,989,332.00 574.1 0:00 3,940

CR1‐G15‐P Participant 668,396.00 4,989,607.00 576.0 0:00 2,746

CR1‐G16‐NP Non‐P 668,419.00 4,989,861.00 576.0 0:00 2,070

CR1‐G18‐P Participant 668,678.00 4,990,722.00 585.0 22:28 1,585

CR1‐G19‐P Participant 671,018.00 4,990,744.00 570.0 5:42 2,077

CR1‐G21‐P Participant 666,766.00 4,991,807.00 577.1 28:59 1,555

CR1‐G22‐NP Non‐P 674,670.00 4,991,955.00 527.6 0:00 5,781

CR1‐G23‐NP Non‐P 670,471.00 4,992,104.00 560.1 5:16 2,185

CR1‐G24‐P Participant 673,058.00 4,992,440.00 539.4 0:00 2,231

CR1‐G25‐P Participant 671,391.00 4,992,858.00 549.0 14:36 1,804

CR1‐G26‐NP Non‐P 672,589.00 4,993,869.00 531.0 8:15 3,140

CR1‐G27‐NP Non‐P 676,630.00 4,994,642.00 480.8 2:54 4,944

CR1‐G28‐P Participant 673,113.00 4,994,772.00 514.1 22:47 1,614

CR1‐G32‐P Participant 669,477.00 4,995,401.00 546.0 19:55 1,545

CR1‐G33‐P Participant 668,911.00 4,995,550.00 548.7 4:00 2,779

CR1‐G34‐NP Non‐P 671,320.00 4,995,798.00 531.0 1:28 2,238

CR1‐G36‐NP Non‐P 673,559.00 4,996,344.00 498.1 0:00 6,211

CR1‐G37‐NP Non‐P 668,998.00 4,996,452.00 549.0 0:00 5,246

CR1‐G38‐NP Non‐P 673,972.00 4,996,493.00 494.5 0:00 5,646

CR1‐G41‐P Participant 671,563.00 4,997,050.00 497.7 0:00 3,983

CR1‐G42‐NP Non‐P 670,566.00 4,997,097.00 518.9 0:00 3,819

CR1‐G43‐NP Non‐P 661,141.00 5,001,721.00 584.2 18:19 1,909

CR1‐G44‐NP Non‐P 661,781.00 5,001,732.00 583.7 2:49 3,123

CR1‐G59‐P Participant 675,755.00 4,994,888.00 488.3 12:40 2,605

CR1‐G60‐P Participant 675,830.00 4,995,687.00 477.0 5:42 3,343

CR1‐G65‐P Participant 671,496.00 4,994,973.00 537.0 29:50 1,539

CR1‐G66‐P Participant 670,802.00 4,994,681.00 539.8 16:39 1,801

CR1‐G67‐P Participant 669,597.00 4,993,440.00 555.8 12:03 2,106

CR1‐G68‐NP Non‐P 669,159.00 4,993,632.00 564.7 2:09 2,113

CR1‐G77‐NP Non‐P 676,031.00 4,992,629.00 503.1 0:00 5,728

CR1‐G81‐NP Non‐P 671,478.00 4,997,523.00 508.7 0:00 2,421

CR1‐G105‐NP Non‐P 668,696.00 4,998,325.00 549.0 0:00 6,345

CR1‐G108‐NP Non‐P 669,516.00 5,001,186.00 522.2 11:37 3,586

CR1‐G109‐NP Non‐P 667,064.00 5,000,425.00 566.4 0:59 2,152

CR1‐G110‐NP Non‐P 671,218.00 5,005,064.00 456.4 0:00 5,889

CR1‐G113‐NP Non‐P 666,228.00 5,005,549.00 537.0 7:15 2,746

Receptor ID  Easting (m) Northing (m)
Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Distance to Nearest 

Turbine (ft)

Participation 

Status
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Table C‐1: Crowned Ridge Shadow Flicker Tabular Results Sorted by Receptor ID

Realistic case shadow results at principle structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G114‐NP Non‐P 666,214.00 5,006,667.00 520.8 23:18 2,205

CR1‐G115‐NP Non‐P 664,933.00 5,006,731.00 544.6 7:58 2,188

CR1‐G117‐NP Non‐P 663,801.00 5,005,084.00 581.3 0:00 6,004

CR1‐G124‐P Participant 669,843.00 5,000,605.00 525.0 19:21 1,791

CR1‐G125‐NP Non‐P 668,289.00 5,000,643.00 543.0 15:48 1,716

CR1‐G126‐NP Non‐P 672,157.00 5,000,446.00 484.3 3:21 3,176

CR1‐G127‐NP Non‐P 669,534.00 4,999,939.00 533.9 2:23 3,369

CR1‐G128‐NP Non‐P 670,242.00 5,001,314.00 513.0 14:58 2,612

CR1‐G129‐NP Non‐P 673,111.00 4,997,703.00 477.8 2:27 4,153

CR1‐G130‐NP Non‐P 668,147.00 5,000,233.00 549.0 0:00 3,005

CR1‐G131‐NP Non‐P 668,466.00 5,005,145.00 505.1 1:31 2,133

CR1‐G132‐NP Non‐P 669,098.00 5,004,948.00 501.0 7:38 2,703

CR1‐G133‐NP Non‐P 669,881.00 5,005,460.00 478.8 3:26 3,556

CR1‐G135‐NP Non‐P 668,616.00 5,005,161.00 504.2 8:10 2,142

CR1‐G136‐NP Non‐P 667,706.00 5,004,861.00 522.0 10:34 2,277

CR1‐G137‐NP Non‐P 666,501.00 5,005,136.00 529.5 18:36 1,939

CR1‐G138‐NP Non‐P 664,809.00 5,006,456.00 549.0 25:18 1,824

CR1‐G139‐NP Non‐P 668,199.00 5,008,062.00 475.9 8:05 2,612

CR1‐G140‐P Participant 664,546.00 5,007,269.00 551.1 0:00 4,360

CR1‐G149‐NP Non‐P 669,284.00 5,003,283.00 503.2 12:39 2,815

Receptor ID  Easting (m) Northing (m)
Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Distance to Nearest 

Turbine (ft)

Participation 

Status

Exhibit A1-I
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Table C‐2: Crowned Ridge Shadow Flicker Tabular Results Sorted by Real Case Shadow Flicker Hours/Year

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

CR1‐C44‐NP Non‐P 665,076.00 4,993,095.00 578.2 28:20 2,159

CR1‐C61‐NP Non‐P 656,690.00 4,997,831.00 612.0 27:42 1,686

CR1‐C34‐NP Non‐P 658,661.00 4,990,389.00 589.1 26:03 1,726

CR1‐C41‐NP Non‐P 665,053.00 4,992,084.00 576.1 20:43 2,359

CR1‐C62‐NP Non‐P 658,375.00 4,995,138.00 615.0 18:05 1,676

CR1‐C70‐NP Non‐P 665,135.00 4,988,293.00 595.7 12:05 3,540

CR1‐C63‐NP Non‐P 658,566.00 4,995,254.00 612.6 10:42 2,408

CR1‐C14‐NP Non‐P 657,982.00 4,985,894.00 609.0 9:59 1,880

CR1‐C16‐NP Non‐P 661,960.00 4,986,288.00 606.0 7:49 2,736

CR1‐C72‐NP Non‐P 665,158.00 4,988,170.00 595.2 7:38 3,776

CR1‐C71‐NP Non‐P 665,137.00 4,988,378.00 594.6 7:28 3,448

CR1‐C27‐NP Non‐P 656,876.00 4,988,683.00 583.0 6:58 2,549

CR1‐C39‐NP Non‐P 660,144.00 4,991,670.00 588.0 6:55 2,605

CR1‐C29‐NP Non‐P 666,572.00 4,988,867.00 575.9 6:54 2,457

CR1‐C52‐NP Non‐P 654,924.00 4,995,231.00 603.0 6:46 1,883

CR1‐C40‐NP Non‐P 657,865.00 4,991,818.00 583.8 6:42 2,690

CR1‐C38‐NP Non‐P 660,639.00 4,991,557.00 597.0 6:04 3,474

CR1‐C3‐NP Non‐P 657,888.00 4,984,697.00 604.2 4:10 3,294

CR1‐C60‐NP Non‐P 656,855.00 4,998,565.00 613.5 3:29 2,592

CR1‐C28‐NP Non‐P 665,429.00 4,988,598.00 590.8 2:43 2,831

CR1‐C45‐NP Non‐P 653,390.00 4,993,503.00 573.0 1:41 5,673

CR1‐C65‐NP Non‐P 665,805.00 4,995,305.00 579.0 1:29 3,884

CR1‐C1‐NP Non‐P 656,743.00 4,983,525.00 595.9 0:00 5,541

CR1‐C2‐NP Non‐P 658,791.00 4,984,483.00 601.6 0:00 6,273

CR1‐C31‐NP Non‐P 665,939.00 4,988,950.00 585.4 0:00 2,126

CR1‐C32‐NP Non‐P 655,843.00 4,989,581.00 568.6 0:00 3,714

CR1‐C33‐NP Non‐P 656,839.00 4,990,404.00 569.8 0:00 6,719

CR1‐C4‐NP Non‐P 659,744.00 4,984,749.00 605.9 0:00 5,981

CR1‐C54‐NP Non‐P 663,421.00 4,995,376.00 583.4 0:00 5,351

CR1‐C5‐NP Non‐P 659,958.00 4,984,794.00 605.2 0:00 5,659

CR1‐C66‐NP Non‐P 659,718.00 4,985,032.00 606.0 0:00 5,800

CR1‐C67‐NP Non‐P 659,789.00 4,985,057.00 606.0 0:00 5,791

CR1‐C7‐NP Non‐P 660,893.00 4,984,861.00 593.2 0:00 3,022

CR1‐C53‐NP Non‐P 663,376.00 4,996,043.00 578.6 0:00 7,201

CR1‐C56‐P Participant 655,953.00 4,995,244.00 606.0 28:42 1,972

CR1‐C50‐P Participant 656,806.00 4,994,388.00 621.0 28:30 1,591

CR1‐C37‐P Participant 663,563.00 4,991,342.00 605.1 27:44 1,631

CR1‐C17‐P Participant 658,031.00 4,986,373.00 609.1 26:40 1,886

CR1‐C36‐P Participant 663,181.00 4,990,600.00 615.0 25:52 1,532

Receptor ID  Easting (m) Northing (m)
Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Distance to Nearest 

Turbine (ft)

Participation 

Status

Exhibit A1-I
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Table C‐2: Crowned Ridge Shadow Flicker Tabular Results Sorted by Real Case Shadow Flicker Hours/Year

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Codington County

continued

CR1‐C46‐P Participant 655,802.00 4,993,540.00 609.7 25:38 25:38

CR1‐C51‐P Participant 657,455.00 4,995,160.00 621.0 24:39 24:39

CR1‐C30‐P Participant 661,699.00 4,988,957.00 615.0 23:21 23:21

CR1‐C18‐P Participant 663,651.00 4,987,157.00 610.5 23:06 23:07

CR1‐C13‐P Participant 663,792.00 4,985,785.00 612.0 22:38 22:39

CR1‐C15‐P Participant 663,291.00 4,986,026.00 615.0 21:42 21:43

CR1‐C19‐P Participant 659,243.00 4,987,276.00 611.5 21:20 21:20

CR1‐C64‐P Participant 659,436.00 4,992,174.00 581.0 19:47 19:47

CR1‐C12‐P Participant 662,222.00 4,985,736.00 603.0 18:29 18:29

CR1‐C9‐P Participant 665,352.00 4,985,004.00 609.0 18:24 18:25

CR1‐C20‐P Participant 663,054.00 4,987,455.00 606.0 16:01 16:02

CR1‐C58‐P Participant 657,781.00 4,996,906.00 615.0 15:49 15:49

CR1‐C10‐P Participant 663,510.00 4,985,195.00 609.0 12:55 12:55

CR1‐C11‐P Participant 664,111.00 4,985,679.00 609.0 12:03 12:03

CR1‐C42‐P Participant 659,458.00 4,992,229.00 580.0 11:54 11:54

CR1‐C35‐P Participant 662,025.00 4,990,475.00 609.0 11:46 11:47

CR1‐C57‐P Participant 656,628.00 4,995,266.00 615.0 10:23 10:23

CR1‐C12‐1‐P Participant 662,199.00 4,986,047.00 606.0 10:06 10:06

CR2‐C150‐P Participant 657,178.00 4,985,788.00 612.0 9:58 9:58

CR1‐C68‐P Participant 662,652.00 4,987,606.00 609.0 8:10 8:10

CR1‐C69‐P Participant 662,685.00 4,987,619.00 609.0 7:44 7:45

CR1‐C59‐P Participant 661,548.00 5,000,754.00 584.1 7:36 7:36

CR1‐C26‐P Participant 657,767.00 4,988,493.00 597.0 7:32 7:32

CR1‐C47‐P Participant 662,825.00 4,993,508.00 613.8 5:00 5:00

CR1‐C48‐P Participant 664,247.00 4,993,646.00 588.0 3:46 3:46

CR1‐C55‐P Participant 660,914.00 4,995,169.00 607.9 2:51 2:51

CR1‐C49‐P Participant 662,250.00 4,993,731.00 609.0 1:12 1:12

CR1‐C6‐P Participant 662,989.00 4,995,228.00 599.8 0:00 0:00

Distance to Nearest 

Turbine (ft)
Receptor ID  Easting (m) Northing (m)

Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Participation 

Status
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Table C‐2: Crowned Ridge Shadow Flicker Tabular Results Sorted by Real Case Shadow Flicker Hours/Year

Realistic case shadow results at existing structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G138‐NP Non‐P 664,809.00 5,006,456.00 549.0 25:18 1,824

CR1‐G114‐NP Non‐P 666,214.00 5,006,667.00 520.8 23:18 2,205

CR1‐G137‐NP Non‐P 666,501.00 5,005,136.00 529.5 18:36 1,939

CR1‐G43‐NP Non‐P 661,141.00 5,001,721.00 584.2 18:19 1,909

CR1‐G125‐NP Non‐P 668,289.00 5,000,643.00 543.0 15:48 1,716

CR1‐G128‐NP Non‐P 670,242.00 5,001,314.00 513.0 14:58 2,612

CR1‐G149‐NP Non‐P 669,284.00 5,003,283.00 503.2 12:39 2,815

CR1‐G108‐NP Non‐P 669,516.00 5,001,186.00 522.2 11:37 3,586

CR1‐G136‐NP Non‐P 667,706.00 5,004,861.00 522.0 10:34 2,277

CR1‐G26‐NP Non‐P 672,589.00 4,993,869.00 531.0 8:15 3,140

CR1‐G135‐NP Non‐P 668,616.00 5,005,161.00 504.2 8:10 2,142

CR1‐G139‐NP Non‐P 668,199.00 5,008,062.00 475.9 8:05 2,612

CR1‐G115‐NP Non‐P 664,933.00 5,006,731.00 544.6 7:58 2,188

CR1‐G132‐NP Non‐P 669,098.00 5,004,948.00 501.0 7:38 2,703

CR1‐G113‐NP Non‐P 666,228.00 5,005,549.00 537.0 7:15 2,746

CR1‐G23‐NP Non‐P 670,471.00 4,992,104.00 560.1 5:16 2,185

CR1‐G133‐NP Non‐P 669,881.00 5,005,460.00 478.8 3:26 3,556

CR1‐G126‐NP Non‐P 672,157.00 5,000,446.00 484.3 3:21 3,176

CR1‐G27‐NP Non‐P 676,630.00 4,994,642.00 480.8 2:54 4,944

CR1‐G44‐NP Non‐P 661,781.00 5,001,732.00 583.7 2:49 3,123

CR1‐G129‐NP Non‐P 673,111.00 4,997,703.00 477.8 2:27 4,153

CR1‐G127‐NP Non‐P 669,534.00 4,999,939.00 533.9 2:23 3,369

CR1‐G68‐NP Non‐P 669,159.00 4,993,632.00 564.7 2:09 2,113

CR1‐G131‐NP Non‐P 668,466.00 5,005,145.00 505.1 1:31 2,133

CR1‐G34‐NP Non‐P 671,320.00 4,995,798.00 531.0 1:28 2,238

CR1‐G109‐NP Non‐P 667,064.00 5,000,425.00 566.4 0:59 2,152

CR1‐G12‐NP Non‐P 668,229.00 4,989,039.00 575.0 0:00 4,623

CR1‐G16‐NP Non‐P 668,419.00 4,989,861.00 576.0 0:00 2,070

CR1‐G14‐NP Non‐P 668,156.00 4,989,332.00 574.1 0:00 3,940

CR1‐G22‐NP Non‐P 674,670.00 4,991,955.00 527.6 0:00 5,781

CR1‐G13‐NP Non‐P 672,216.00 4,989,142.00 558.0 0:00 3,576

CR1‐G77‐NP Non‐P 676,031.00 4,992,629.00 503.1 0:00 5,728

CR1‐G38‐NP Non‐P 673,972.00 4,996,493.00 494.5 0:00 5,646

CR1‐G37‐NP Non‐P 668,998.00 4,996,452.00 549.0 0:00 5,246

CR1‐G42‐NP Non‐P 670,566.00 4,997,097.00 518.9 0:00 3,819

CR1‐G81‐NP Non‐P 671,478.00 4,997,523.00 508.7 0:00 2,421

CR1‐G36‐NP Non‐P 673,559.00 4,996,344.00 498.1 0:00 6,211

CR1‐G105‐NP Non‐P 668,696.00 4,998,325.00 549.0 0:00 6,345

Distance to Nearest 

Turbine (ft)

Real Case Shadow 

(hrs/year)

Elevation AMSL 

(m)
Northing (m)Easting (m)

Participation 

Status
Receptor ID 
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Table C‐2: Crowned Ridge Shadow Flicker Tabular Results Sorted by Real Case Shadow Flicker Hours/Year

Realistic case shadow results at principle structures

Results using GE 2.3‐116‐90 m HH, GE 2.3‐116‐80 m HH WTG's

UTM NAD83 Zone 14

Grant County

continued

CR1‐G110‐NP Non‐P 671,218.00 5,005,064.00 456.4 0:00 5,889

CR1‐G117‐NP Non‐P 663,801.00 5,005,084.00 581.3 0:00 6,004

CR1‐G130‐NP Non‐P 668,147.00 5,000,233.00 549.0 0:00 3,005

CR1‐G65‐P Participant 671,496.00 4,994,973.00 537.0 29:50 1,539

CR1‐G21‐P Participant 666,766.00 4,991,807.00 577.1 28:59 1,555

CR1‐G28‐P Participant 673,113.00 4,994,772.00 514.1 22:47 1,614

CR1‐G18‐P Participant 668,678.00 4,990,722.00 585.0 22:28 1,585

CR1‐G32‐P Participant 669,477.00 4,995,401.00 546.0 19:55 1,545

CR1‐G124‐P Participant 669,843.00 5,000,605.00 525.0 19:21 1,791

CR1‐G66‐P Participant 670,802.00 4,994,681.00 539.8 16:39 1,801

CR1‐G25‐P Participant 671,391.00 4,992,858.00 549.0 14:36 1,804

CR1‐G59‐P Participant 675,755.00 4,994,888.00 488.3 12:40 2,605

CR1‐G67‐P Participant 669,597.00 4,993,440.00 555.8 12:03 2,106

CR1‐G19‐P Participant 671,018.00 4,990,744.00 570.0 5:42 2,077

CR1‐G60‐P Participant 675,830.00 4,995,687.00 477.0 5:42 3,343

CR1‐G33‐P Participant 668,911.00 4,995,550.00 548.7 4:00 2,779

CR1‐G15‐P Participant 668,396.00 4,989,607.00 576.0 0:00 2,746

CR1‐G24‐P Participant 673,058.00 4,992,440.00 539.4 0:00 2,231

CR1‐G41‐P Participant 671,563.00 4,997,050.00 497.7 0:00 3,983

CR1‐G140‐P Participant 664,546.00 5,007,269.00 551.1 0:00 4,360

Distance to Nearest 

Turbine (ft)
Receptor ID  Easting (m) Northing (m)

Elevation AMSL 

(m)

Real Case Shadow 

(hrs/year)

Participation 

Status
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Codington County 
Planning Commission / Board of Adjustment 

1910 West Kemp Avenue 
Watertown, SD 57201-3048 

Email: codington.county@sdstate.edu 
Website: codington.org 

Phone: (605) 882-6300 
Fax; (605) 862-6302 

July 20, 2018 

Crowned Ridge, LLC and Crowned Ridge I!, LLC 
700 Universe Blvd. 
Juno Beach, FL 33408 

To whom it may concern 

This letter is written to formally inform you that on July 16, 2018 the Codington County Board of 
Adjustment (Board) approved your request for a conditional use permit to operate a Wind 
Energy System on property described in your application within Germantown, Leola, Waver1y, 
Kranzburg, and Rauville Townships. 

The Conditional Use permit will allow you to operate a wind energy system with up to 164 wind 
towers and other structures/uses in the manner presented in your application and at the 
meeting. The Board approved the Conditional Use Permit based upon the staff report, testimony 
at the meeting and in the application, findings read at the meeting, and conditions to be agreed 
upon in a letter of assurance. The official findings of fact will be filed et the zoning office upon 
review end signature of the Chairperson of the Board. Please contact this office if you would like 
a copy of the findings of fact for your records. As noted, the Board approved your permit subject 
to you signing a letter of assurance with the following conditions: 

1) Effective Date and Transferability: 
a. Upon issuance of permit by South Dakota Public Utilities Commission. 
b. This permit shell expire if either no construction as described in the 

application has commenced within three (3) years of issuance by the County 
Board of Adjustment; or if a State Permit from the South Dakota Public Utility 
Commission has not been issued within two (2) years of issuance by the 
County Board of Adjustment; or any within three (3) years of the final decision 
regarding any appeal to circuit court relating to the issuance of the permit. 

c. The applicant may apply for an extension of this permit if the requirements of 
1.b above cannot be met. 

d. The Conditional Use permit is transferable. Subsequent owners/operators 
shall agree to the same conditions described herein. 

2) General Requirements: 
a. There shall be no discharge of-industrial processed water on the site 
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b. Storage of petroleum products in quantities exceeding one hundred (100) 
gallons at one (1) locality in one (1) tank or series of tanks must be in 
elevated tanks; such tanks larger than eleven hundred (1,100) gallons must 
have a secondary containment system where it is deemed necessary by the 
Board of Adjustment. 

c. Grantor shall provide the zoning office with an updated local contact 
information of plant supervisor with authority to implement dust control and 
other necessary enforcement of the conditions of this permit. 

3) Obligatlon to Meet Requirements: 

a. Applicant agrees to meet requirements of Section 5.22 of the Codington 
County Ordinance in reference to remaining obligations including but not 
limited to: submittal of Soil Erosion and Sediment Control Plans, Haul Road 
Agreements, Decommissioning Plan, Final site location of towers, building 
permit application, meeting applicable federal and state requirement as 
required by Section 5.22 

b. Applicant acknowledges the ability of the Board of Adjustment to require 
some form of financial assurance to cover the anticipated costs of 
decommissioning the WES Facility on or before July 16, 2023. 

4) Violation and Penalties: 

a. Violations of requirements of the ordinance. relating to the operations of a 
specific tower will result in enforcement/penalties in reference to the specific 
tower found to be in violation, and will be enforced in the manner as 
described in Section 4. b below. 

b. Violation of the terms of this conditional use permit will be determined by the 
Codington County Zoning Officer. 
(1) The first violation substantiated by the Zoning Officer of this conditional 

use permit may result in a notification letter stating the violation and a 
prescribed period of time to remove· the violation. A second violation 
occurring within one calendar year of the previous violation may result in 
a review of the validity of the conditional use permit and potential 
revocation of said permit. A third violation within one calendar year of the 
initial violation may result in revocation of the conditional use permit and 
cessation of all feeder operations 'Nithin forty-five days (45) of notice of 
revocation. 

(2) The applicant may make appeal from the decision of the Zoning Officer or 
other agent of the Codington County Board of Adjustment to the 
Codington County Board of Adjustment. The applicant shall file with the 
Zoning Officer a notice of appeal specifying the grounds thereof. The 
Zoning Officer shall forthwith transmit to the Board of Adjustment all 
papers constituting the record upon which the action appealed from was 
taken. Such appeal shall be taken within thirty (30) days. Appeals from 
the Board of Adjustment shall be taken to Circuit Court. 

(3) Failure to comply with the decision of the Zoning Officer or other agent of 
the Codington County Board of Adjustment may be deemed a separate 
violation. 
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I have attached the Letter of Assurance to this letter for your signature. Please note, two letters 
of assurance have been attached to be signed on behalf of the separate entities (Crowned 
Ridge, LLC and Crowned Ridge 11, LLC.) These letters of assurance will be filed with this letter 
and the original application at the Zoning Office. If you would like a copy of the letter of 
assurance after signature from the Chairperson of the Board, please contact this office. Further, 
if you have any other questions you may reach me at 882-6300 between the hours of 8:00 a.m. 
and 11:00 a.m. on Mondays, Wednesdays, and Fridays. 
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Exhibit "A" 

•• Crowned Ridge, LLC and Crowned Ridge II, LLC: 
, Wind Energy System Orientation Map 
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Prepared by: Luke Muller 
Codington County Zoning Officer 
1910 West Kemp Avenue 
Watertown, SD 57201 

Letter of Assurance 

A Conditional Use Permit under Codington County Zoning Ordinance 3.04.02.21., "Wind Energy 
Systems" has been granted by the Codington County Board of Adjustment to Crowned Ridge 
Wind, LLC to operate a Wind Energy System with up to 164 Wind Towers and other ancillary 
structures/uses described in the application. 

Property location: As displayed in Exhibit "A~ attached and hereby incorporated by reference. 

Conditions to be placed upon the conditional use pennit issued to Crowned Ridge Wind, LLC by 
the Codington County Board of Adjustment on July 16, 2018: 

1} Effective Date and Transferability: 
a. Upon issuance of pem,it by South Dakota Public Utilities Commission. 
b. This pennit shall expire if either no construction as described in the 

application has commenced within three (3) years of issuance by the County 
Board of Adjustment; or if a State Permit from the South Dakota Public Utility 
Commission has not been issued within two (2) years of issuance by the 
County Board of Adjustment; or any within three (3) years of the final decision 
regarding any appeal to circuit court relating to the issuance of the permit. 

c. The applicant may apply for en extension of this permit If the requirements of 
1.b above cannot be met. 

d. The Conditional Use permit is transferable. Subsequent owners/operators 
shall agree to the same conditions described herein. 

2) General Requirements: 
a. There shall be no discharge of industrial processed water on the site 
b. Storage of petroleum products in quantities exceeding one hundred (100) 

gallons at one (1) locality in one (1) tank or series of tanks must be in 
elevated tanks; such tanks larger than eleven hundred (1,100) gallons must 
have a secondary containment system where it is deemed neces·sary by the 
Board of Adjustment. 

c. Granter shall provide the zoning office with an updated local contact 
information of plant supervisor with authority to implement dust control and 
other necessary enforcement of the conditions of this permit. 

3) Obligatlon to Meet Requirements: 

a. Applicant agrees to meet requirements of Section 5.22 of the Codington 
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4) Viofatlon and Penalties: 

a. Violations of requirements of the ordinance relating to the operations of a 
specific tower will result in enforcement/penalties in reference to the specific 
tower found to be in violation, end will be enforced in the manner as 
described in Section 4.b below. 

b. Violation of the terms of this conditional use pem,it will be determined by the 
Codington County Zoning Officer. 
(1) The first violation substantiated by the Zoning Officer of this conditional 

use permit may result in a notification letter stating the violation and a 
prescribed period of time to remove the violation. A second violation 
occurring within one calendar year of the previous violation may result in 
a review of the validity of the condrtional use permit and potential 
revocation of said pem,it. A third violation within one calendar year of the 
initial violation may result in revocation of the condrtional use pem,it and 
cessation of all operations within forty-five days (45) of notice of 
revocation. 

(2) The applicant may make appeal from the decision of the Zoning Officer or 
other agent of the Codington County Board of Adjustment to the 
Codington County Board of Adjustment. The applicant shall file with the 
Zoning Officer a notice of appeal specifying the grounds thereof. The 
Zoning Officer shall forthwith transmit to the Board of Adjustment all 
papers constituting the record upon which the action appealed from was 
taken. Such appeal shall be taken within thirty (30) days. Appeals from 
the Board of Adjustment shall be taken to Circuit Court. 

(3) Failure to comply with the decision of the Zoning Officer or other agent of 
the Codington County Board of Adjustment may be deemed a separate 
violation. 

IN WITNESS WHEREOF, Codington County and the Grantor(s) have executed this Conditional 
Use P it ra 

d Ridge Wind, LLC (Grantor) 
meJ: John Di Donato 

tie): Vice Pfosident 

~ ~ Chairpersoll 
Codington County Board of Adjustment 

Date 

II- /f-/J' 
Date 
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STATE OF SOUTH DAKOTA 
SS: 

COUNTY OF CODINGTON 

This instrument was acknowledged before me on //- /9 . 2018 by Robert Fox, 
representing Codington County as the Chairman of the Codington County Board of Adjustment. 

IN WITNESS WHEREOF, I hereunto set my hand and official sea 

b~.,.&,.o NOO>ry Pllb!ic 
MyCommilOnExpires: .S-/-?'-ol.£ 1 , 
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Prepared by: Luke Muller 
Codington County Zoning Officer 
1910 West Kemp Avenue 
Watertown, SD 57201 

Letter of Assurance 

A Conditional Use Permit under Codington County Zoning Ordinance 3.04.02.21., "Wind Energy 
Systems" has been granted by the Codington County Board of Adjustment to Crowned Ridge 
Wind II, LLC to operate a Wind Energy System with up to 164 Wind Towers and other ancillary 
structures/uses described in the application. 

Property location: As displayed in Exhibit ~A" attached and hereby incorporated by reference. 

Conditions to be placed upon the conditional use permit issued to Crowned Ridge Wind II, LLC 
by the Codington County Board of Adjustment on July 16, 2018: 

1) Effective Date and Transferability: 
a. Upon issuance of permit by South Dakota Public Utilities Commission. 
b. This permit shall expire if either no construction as described in the 

application has commenced within three (3) years of issuance by the County 
Board of Adjustment; or H' a State Permit from the South Dakota Public Utility 
Commission has not been issued within two (2) years of issuance by the 
County Board of Adjustment; or any within three (3) years of the final decision 
regarding any appeal to circuit court relating to the issuance of the permit. 

c. The applicant may apply for an extension of this permit if the requirements of 
1.b above cannot be met. 

d. The Conditional Use permit is transferable. Subsequent owners/operators 
shall agree to the same conditions described herein. 

2) Genera! Requirements: 
a. There shall be no discharge of industrial processed water on the site 
b. Storage of petroleum products in quantities exceeding one hundred (100) 

gallons at one (1) locality in one (1) tank or series of tanks must be in 
elevated tanks; such tanks larger than eleven hundred (1,100) gallons must 
have a secondary containment system where it is deemed necessary by the 
Board of Adjustment. 

c. Granter shall provide the zoning office with an updated local contact 
information of plant supervisor with authority to implement dust control and 
other necessary enforcement of the conditions of this permit. 

3) Obligation to Meet Requirements: 

a. Applicant agrees to meet requirements of Section 5.22 of the Codington 
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4) Violation and Penalties: 

a. Violations of requirements of the ordinance relating to the operations of a 
specific tower will result in enforcement/penalties in reference to the specific 
tower found to be in violation, and will be enforced in the manner as 
described in Section 4.b below. 

b. Violation of the terms of this conditional use permit will be determined by the 
Codington County Zoning Officer. 
(1) The first violation substantiated by the Zoning Officer of this conditional 

use permit may result in a notification letter stating the violation and a 
prescribed period of time to remove the violation. A second violation 
occurring within one calendar year of the previous violation may result in 
a review of the validity of the conditional use pennit and potential 
revocation of said permit. A third violation within one calendar year of the 
initial violation may result in revocation of the conditional use permit and 
cessation of all operations within forty-five days (45) of notice of 
revocation. 

(2) The applicant may make appeal from the decision of the Zoning Officer or 
other agent of the Codington County Board of Adjustment to the 
Codington County Board of Adjustment. The applicant shall file with the 
Zoning Officer a notice of appeal spectfying the grounds thereof. The 
Zoning Officer shall forthwith transmit to the Board of Adjustment all 
papers constituting the record upon which the action appealed from was 
taken. Such appeal shall be taken within thirty (30) days. Appeals from 
the Board of Adjustment shall be taken to Circuit Court. 

(3) Failure to comply with the decision of the Zoning Officer or other agent of 
the Codington County Board of Adjustment may be deemed a separate 
violation. 

IN WITNESS WHEREOF, Codington County and the Grantor(s) have executed this Conditional 
Use P it r ce. 

Cro d Ridge Wind 11, LLC (Grantor) 
by me): 
its Ille): ---1J"'oll"'n......,Dit-( Do"""na""'t,,.o~-

a;ce!?8_ident 
Cha1rpersol1 ¥-
Codington County Board of Adjustment 

STATE OF f,J,M J.i. 
ss - ¼ 

COUNTYOF Pa.1/ll~ 
This\ jnstrumeni was 

, ,,.. L. , 1.·n,,.,. •• ,L 
acknowledged before me on -- ..__ .. _,., -" ,... ____ , __ _, .... ,_, __ ,,.,, _ _," 

Date 

II- 19'.- Ji' 
Date 

2018 '' ,.,. ,,.. ___ ~ __ , by 
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STATE OF SOUTH DAKOTA 
SS: 

COUNTY OF CODINGTON 

This instrument was acknowledged before me on //-/9 . 201l! by Robert Fox, 
representing Codington County as the Chairman of the Codington County Board of Adjustment. 

IN WITNESS WHEREOF, I hereunto set my hand and official 1 · 
~ 

BECKY L. GOENS 
~ ~ J . ~ NOTARYPUBLIC ~ 

~~-~,1 Notary Public ~ sour11 oAl'oTA~ 
My Commi~lon Expires: S:-Ljl-o?-2 , +~~ ....... .,.,...~""""""""'~ 
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Letter of Assurance 

A Conditional Use Permit under Grant County Zoning Ordinance 11.01 .03.22., "Wind 
Energy Systems" has been granted by the Grant County Board of Adjustment to 
Crowned Ridge, LLC to operate a Wind Energy System with up to 32 Wind Towers and 
other ancillary structures/uses described in the application. 

Property location: As displayed in Exhibit "A" attached and hereby incorporated by 
reference. 

Conditions to be placed upon the conditional use permit issued to Crowned Ridge, LLC 
by the Grant County Board of Adjustment on December 17, 2018: 

1) Effective Date and Transferability: 
a. Upon issuance of permit by South Dakota Public Utilities Commission. 
b. This permit shall expire on December 17, 2020 if no substantial construction as 

described in the application has been completed; or if a State Permit from the 
South Dakota Public Utility Commission has not been issued; or within two (2) 
years of the final decision regarding any appeal to circuit court relating to the 
issuance of the permit. 

c. The applicant may apply for an extension of this permit if the requirements of 1.b 
above cannot be met. 

d. The Conditional Use permit is transferable. Subsequent owners/operators shall 
agree to the same conditions described herein. 

2) General Requirements: 
a. There shall be no discharge of industrial processed water on the site 
b. Storage of petroleum products in quantities exceeding one hundred (100) gallons 

at one (1) locality in one (1) tank or series of tanks must be in elevated tanks; 
such tanks larger than eleven hundred (1,100) gallons must have a secondary 
containment system where it is deemed necessary by the Board of Adjustment. 

c. Grantor shall provide the zoning office with an updated local contact information 
of plant supervisor with authority to implement dust control and other necessary 
enforcement of the conditions of this permit. 

3) Obligation to Meet Requirements: 
a. Applicant agrees to construct all WES towers with a setback distance equal to or 

greater than exhibited in the application. 
b. Applicant agrees that the construction and operation of all WES towers will 

comply with noise and shadow flicker thresholds exhibited in the application's 
noise and shadow flicker analysis 

c. Applicant further agrees to meet requirements of Section 1211 of the Grant 
County Ordinance in a manner consistent with its application in reference to 
remaining obligations including but not limited to: submittal of Soil Erosion and 
Sediment Control Plans, Haul Road Agreements, Decommissioning Plan, Final 
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c1osure. 

4) Violation and Penalties: 
a. Violations of requirements of the ordinance relating to the operations of a specific 

tower will result in enforcement/penalties in reference to the specific tower found 
to be in violation, and will be enforced in the manner as described in Section 4.b 
below. 

b. Violation of the terms of this conditional use permit will be determined by the 
Grant County Zoning Officer. 
(1) The first violation substantiated by the Zoning Officer of this conditional use 

permit may result in a notification letter stating the violation and a prescribed 
period of time to remove the violation. A second violation occurring within 
one calendar year of the previous violation may result in a review of the 
validity of the conditional use permit and potential revocation of said permit. A 
third violation within one calendar year of the initial violation may result in 
revocation of the conditional use permit and/or cessation of the specific tower 
within forty-five days (45) of notice of revocation. 

(2) The applicant may make appeal from the decision of the Zoning Officer or 
other agent of the Grant County Board of Adjustment to the Grant County 
Board of Adjustment. The applicant shall file with the Zoning Officer a notice 
of appeal specifying the grounds thereof. The Zoning Officer shall forthwith 
transmit to the Board of Adjustment all papers constituting the record upon 
which the action appealed from was taken. Such appeal shall be taken within 
thirty (30) days. Appeals from the Board of Adjustment shall be taken to 
Circuit Court. 

(3) Failure to comply with the decision of the Zoning Officer or other agent of the 
Grant County Board of Adjustment may be deemed a separate violation. 

5. ExhibitA 
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l,;nairperson uc:ne 
Grant County Board of Adjustment 

STATE OF - ~~b ........ fi_tJA ____ _ 
SS: 1n I (l flf.r I 

couNTY oF _ r--'-'-',A ..:....;..~ -~---

This \.instru7te~ was acknowledged before me on j ~~M-~ t /. 201.9 by 
J)~ ~ 1JI JJoMJ,o I on behalf of Crowned Ridge, LLC ( rant /A plicant). 

INWITNES nto set my hand and official seal. 

STATE OF SOUTH DAKOTA 
SS: 

COUN1Y OF GRANT 

't-'lo~ Pt; .v'- .J! . .ii~-

~ fl/~ /J~ - ;;;: oJ ~ 
Al" eo,,u,~ # q.q. 939940 
~ Afallck :U, 21):J.O 

This instrument was acknowledged before me on _____ , 201_ by Nancy 
Johnson, representing Grant County as the Chair of the Grant County Board of 
Adjustment. 

IN WITNESS WHEREOF, I hereunto set my hand and official seal. 

_____________ Notary Public 
My Commission Expires: ________ _ 
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Disclaimer 

 

This document was prepared as an account of work sponsored by the United States Government. 
While this document is believed to contain correct information, neither the United States 
Government nor any agency thereof, nor The Regents of the University of California, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by its trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof, or The 
Regents of the University of California. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or any agency thereof, The 
Regents of the University of California, the Federal Reserve Bank of Kansas City, or the Federal 
Reserve System.  

 

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer. 
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Abstract 

Previous research on the effects of wind energy facilities on surrounding home values has been 

limited by small samples of relevant home-sale data and the inability to account adequately for 

confounding home-value factors and spatial dependence in the data. This study helps fill those 

gaps. We collected data from more than 50,000 home sales among 27 counties in nine states. 

These homes were within 10 miles of 67 different wind facilities, and 1,198 sales were within 1 

mile of a turbine—many more than previous studies have collected. The data span the periods 

well before announcement of the wind facilities to well after their construction. We use OLS and 

spatial-process difference-in-difference hedonic models to estimate the home-value impacts of 

the wind facilities; these models control for value factors existing before the wind facilities’ 

announcements, the spatial dependence of unobserved factors effecting home values, and value 

changes over time. A set of robustness models adds confidence to our results. Regardless of 

model specification, we find no statistical evidence that home values near turbines were affected 

in the post-construction or post-announcement/pre-construction periods. Previous research on 

potentially analogous disamenities (e.g., high-voltage transmission lines, roads) suggests that the 

property-value effect of wind turbines is likely to be small, on average, if it is present at all, 

potentially helping to explain why no evidence of an effect was found in the present research.   
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1. Introduction 

In 2012, approximately 13 gigawatts (GW) of wind turbines were installed in the United States, 

bringing total U.S. installed wind capacity to approximately 60 GW from more than 45,000 

turbines (AWEA, 2013). Despite uncertainty about future extensions of the federal production 

tax credit, U.S. wind capacity is expected by some to continue growing by approximately 5–6 

GW annually owing to state renewable energy standards and areas where wind can compete with 

natural gas on economics alone (Bloomberg, 2013); this translates into approximately 2,750 

turbines per year.1 Much of that development is expected to occur in relatively populated areas 

(e.g., New York, New England, the Mid-Atlantic and upper Midwest) (Bloomberg, 2013). 

In part because of the expected wind development in more-populous areas, empirical 

investigations into related community concerns are required. One concern is that the values of 

properties near wind developments may be reduced; after all, it has been demonstrated  that in 

some situations market perceptions  about an area’s disamenities (and amenities)2 are capitalized 

into home prices (e.g., Boyle and Kiel, 2001; Jackson, 2001; Simons and Saginor, 2006). The 

published research about wind energy and property values has largely coalesced around a finding 

that homes sold after nearby wind turbines have been constructed do not experience statistically 

significant property value impacts.  Additional research is required, however, especially for 

homes located within about a half mile of turbines, where impacts would be expected to be the 

largest. Data and studies are limited for these proximate homes in part because setback 

requirements generally result in wind facilities being sited in areas with relatively few houses, 

limiting available sales transactions that might be analyzed. 

This study helps fill the research gap by collecting and analyzing data from 27 counties across 

nine U.S. states, related to 67 different wind facilities.  Specifically, using the collected data, the 

study constructs a pooled model that investigates average effects near the turbines across the 

sample while controlling for the local effects of many potentially correlated independent 

variables. Property-value effect estimates are derived from two types of models: (1) an ordinary 

1 Assuming 2-MW turbines, the 2012 U.S. average (AWEA, 2013), and 5.5 GW of annual capacity growth. 
2 Disamenities and amenities are defined respectively as disadvantages (e.g., a nearby noxious industrial site) and 
advantages (e.g., a nearby park) of a location. 
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least squares (OLS) model, which is standard for this type of disamenity research (see, e.g., 

discussion in Jackson, 2003; Sirmans et al., 2005), and (2) a spatial-process model, which 

accounts for spatial dependence. Each type of model is used to construct a difference-in-

difference (DD) specification—which simultaneously controls for preexisting amenities or 

disamenities in areas where turbines were sited and changes in the community after the wind 

facilities’ construction was announced—to estimate effects near wind facilities after the turbines 

were announced and, later, after the turbines were constructed.3 

The remainder of the report is structured as follows. Section 2 reviews the current literature. 

Section 3 details our methodology. Section 4 describes the study data. Section 5 presents the 

results, and Section 6 provides a discussion and concluding remarks.  

2. Previous Literature 

Although the topic is relatively new, the peer-reviewed literature investigating impacts to home 

values near wind facilities is growing. To date, results largely have coalesced around a common 

set of non-significant findings generated from home sales after the turbines became operational. 

Previous Lawrence Berkeley National Laboratory (LBNL) work in this area (Hoen et al., 2009, 

2011) found no statistical evidence of adverse property-value effects due to views of and 

proximity to wind turbines after the turbines were constructed (i.e., post-construction or PC). 

Other peer-reviewed and/or academic studies also found no evidence of PC effects despite using 

a variety of techniques and residential transaction datasets. These include homes surrounding 

wind facilities in Cornwall, United Kingdom (Sims and Dent, 2007; Sims et al., 2008); multiple 

wind facilities in McLean County, Illinois (Hinman, 2010); near the Maple Ridge Wind Facility 

in New York (Heintzelman and Tuttle, 2011); and, near multiple facilities in Lee County, Illinois 

(Carter, 2011).  Analogously, a 2012 Canadian case found a lack of evidence near a wind facility 

in Ontario to warrant the lowering of surrounding assessments (Kenney v MPAC, 2012).  In 

contrast, one recent study did find impacts to land prices near a facility in North Rhine-

Westphalia, Germany (Sunak and Madlener, 2012). Taken together, these results imply that the 

3 Throughout this report, the terms “announced/announcement” and “constructed/construction” represent the dates 
on which the proposed wind facility (or facilities) entered the public domain and the dates on which facility 
construction began, respectively. Home transactions can either be pre-announcement (PA), post-announcement/pre-
construction (PAPC), or post-construction (PC). 

2 
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PC effects of wind turbines on surrounding home values, if they exist, are often too small for 

detection or sporadic (i.e., a small percentage overall), or appearing in some communities for 

some types of properties but not others. 

In the post-announcement, pre-construction period (i.e., PAPC), however, recent analysis has 

found more evidence of potential property value effects: by theorizing  the possible existence of, 

but not finding, an effect (Laposa and Mueller, 2010; Sunak and Madlener, 2012); potentially 

finding an effect (Heintzelman and Tuttle, 2011)4; and, consistently finding what the author 

terms an “anticipation stigma” effect (Hinman, 2010). The studies that found PAPC property-

value effects appear to align with earlier studies that suggested lower community support for 

proposed wind facilities before construction—potentially indicating a risk-averse (i.e., fear of the 

unknown) stance by community members—but increased support after facilities began operation 

(Gipe, 1995; Palmer, 1997; Devine-Wright, 2005; Wolsink, 2007; Bond, 2008, 2010). Similarly, 

researchers have found that survey respondents who live closer to turbines support the turbines 

more than respondents who live farther away (Braunholtz and MORI Scotland, 2003; Baxter et 

al., 2013), which could also indicate more risk-adverse / fear of the unknown effects (these 

among those who live farther away).  Analogously, a recent case in Canada, although dismissed, 

highlighted the fears that nearby residents have for a planned facility (Wiggins v. WPD Canada 

Corporation, 2013) 

Some studies have examined property-value conditions existing before wind facilities were 

announced (i.e., pre-announcement or PA). This is important for exploring correlations between 

wind facility siting and pre-existing home values from an environmental justice perspective and 

also for measuring PAPC and PC effects more accurately. Hoen et al. (2009, 2011) and Sims and 

Dent (2007) found evidence of depressed values for homes that sold before a wind facility’s 

announcement and were located near the facility’s eventual location, but they did not adjust their 

PC estimates for this finding. Hinman (2010) went further, finding value reductions of 12%–20% 

for homes near turbines in Illinois, which sold prior to the facilities’ announcements; then using 

these findings to deflate their PC home-value-effect estimates.  

4 Heintzelman and Tuttle do not appear convinced that the effect they found is related to the PAPC period, yet the 
two counties in which they found an effect (Clinton and Franklin Counties, NY) had transaction data produced 
almost entirely in the PAPC period.  

3 
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Some research has linked wind-related property-value effects with the effects of better-studied 

disamenities (Hoen et al., 2009). The broader disamenity literature (e.g., Boyle and Kiel, 2001; 

Jackson, 2001; Simons and Saginor, 2006) suggests that, although property-value effects might 

occur near wind facilities as they have near other disamenities, those effects (if they do exist) are 

likely to be relatively small, are unlikely to persist some distance from a facility, and might fade 

over time as home buyers who are more accepting of the condition move into the area (Tiebout, 

1956).  

For example, a review of the literature investigating effects near high-voltage transmission lines 

(a largely visual disturbance, as turbines may be for many surrounding homes) found the 

following: property-value reductions of 0%–15%; effects that fade with distance, often only 

affecting properties crossed by or immediately adjacent to a line or tower; effects that can 

increase property values when the right-of-way is considered an amenity; and effects that fade 

with time as the condition becomes more accepted (Kroll and Priestley, 1992). While potentially 

much more objectionable to residential communities than turbines, a review of the literature on 

landfills (which present odor, traffic, and groundwater-contamination issues) indicates effects 

that vary by landfill size (Ready, 2010). Large-volume operations (accepting more than 500 tons 

per day) reduce adjacent property values by 13.7% on average, fading to 5.9% one mile from the 

landfill. Lower-volume operations reduce adjacent property values by 2.7% on average, fading to 

1.3% one mile away, with 20%–26% of lower-volume landfills not having any statistically 

significant impact. A study of 1,600 toxic industrial plant openings found adverse impacts of 

1.5% within a half mile, which disappeared if the plants closed (Currie et al., 2012).  Finally, a 

review of the literature on road noise (which might be analogous to turbine noise) shows 

property-value reductions of 0% –11% (median 4%) for houses adjacent to a busy road that 

experience a 10-dBA noise increase, compared with houses on a quiet street (Bateman et al., 

2001). 

It is not clear where wind turbines might fit into these ranges of impacts, but it seems unlikely 

that they would be considered as severe a disamenity as a large-volume landfill, which present 

odor, traffic, and groundwater-contamination issues. Low-volume landfills, with an effect near 

3%, might be a better comparison, because they have an industrial (i.e., non-natural) quality, 

similar to turbines, but are less likely to have clear health effects.  If sound is the primary 
4 
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concern, a 4% effect (corresponding to road noise) could be applied to turbines, which might 

correspond to a 10-dBA increase for houses within a half mile of a turbine (see e.g., Hubbard and 

Shepherd, 1991). Finally, as with transmission lines, if houses are in sight but not within sound 

distance of turbines, there may be no property-value effects unless those homes are immediately 

adjacent to the turbines. In summary, assuming these potentially analogous disamenity effects 

can be entirely transferred, turbine impacts might be 0%–14%, but more likely might coalesce 

closer to 3%–4%. 

Of course, wind turbines have certain positive qualities that landfills, transmission lines, and 

roads do not always have, such as mitigating greenhouse gas emissions. no air or water pollution, 

no use of water during the generation of energy, and no generation of solid or hazardous waste 

that requires permanent storage/disposal (IPCC, 2011). Moreover, wind facilities can, and often 

do, provide economic benefits to local communities (Lantz and Tegen, 2009; Slattery et al., 

2011; Brown et al., 2012; Loomis et al., 2012), which might not be the case for all other 

disamenities. Similarly, wind facilities can have direct positive effects on local government 

budgets through property tax or other similar payments  (Loomis and Aldeman, 2011), which 

might, for example, improve school quality and thus increase nearby home values (e.g., Haurin 

and Brasington, 1996; Kane et al., 2006). These potential positive qualities might mitigate 

potential negative wind effects somewhat or even entirely.  Therefore for the purposes of this 

research we will assume 3-4% is a maximum possible effect. 

The potentially small average property-value effect of wind turbines, possibly reduced further by 

wind’s positive traits, might help explain why effects have not been discovered consistently in 

previous research. To discover effects with small margins of error, large amounts of data are 

needed. However, previous datasets of homes very near turbines have been small. Hoen et al. 

(2009, 2011) used 125 PC transactions within a mile of the turbines, while others used far fewer 

PC transactions within a mile: Heintzelman and Tuttle (2012) (n ~ 35); Hinman (2010) (n ~ 11), 

Carter (2011) (n ~ 41), and Sunak and Madlener (2012) (n ~ 51). Although these numbers of 

observations are adequate to examine large impacts (e.g., over 10%), they are less likely to 

reveal small effects with any reasonable degree of statistical significance. Using results from 

Hoen et al. (2009) and the confidence intervals for the various fixed-effect variables in that study, 

estimates for the numbers of transactions needed to find effects of various sizes were obtained. 
5 
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Approximately 50 cases are needed to find an effect of 10% and larger, 100 cases for 7.5%, 200 

cases for 5%, 350 cases for 4%, 700 cases for 3%, and approximately 1,000 cases for a 2.5% 

effect.5 Therefore, in order to detect an effect in the range of 3%–4%, a dataset of approximately 

350–700 cases within a mile of the turbines will be required to detect it statistically, a number 

that to-date has not been amassed by any of the previous studies. 

As discussed above, in addition to being relatively small on average, impacts are likely to decay 

with distance.  As such, an appropriate empirical approach must be able to reveal spatially 

diminishing effects. Some researchers have used continuous variables to capture these effects, 

such as linear distance (Hoen et al., 2009; Sims et al., 2008) and inverse distance (Heintzelman 

and Tuttle, 2012; Sunak and Madlener, 2012), but doing so forces the model to estimate effects 

at the mean distance. In some cases, those means can be far from the area of expected impact. 

For example, Heintzelman and Tuttle (2012) estimated an inverse distance effect using a mean 

distance of more than 10 miles from the turbines, while Sunak and Madlener (2012) used a mean 

distance of approximately 1.9 miles. Using this approach weakens the ability of the model to 

quantify real effects near the turbines, where they are likely to be stronger. More importantly, 

this method encourages researchers to extrapolate their findings to the ends of the distance curve, 

near the turbines, despite having few data at those distances to support these extrapolations. This 

was the case for Heintzelman and Tuttle (2012), who had fewer than 10 cases within a half mile 

in the two counties where effects were found and only a handful that sold in those counties after 

the turbines were built, yet they extrapolated their findings to a quarter mile and even a tenth of a 

mile, where they had very few (if any) cases. Similarly, Sunak and Madlener (2012) had only six 

PC sales within a half mile and 51 within 1 mile, yet they extrapolated their findings to these 

distance bands. 

One way to avoid using a single continuous function to estimate effects at all distances is to use a 

spline model, which breaks the distances into continuous groups (Hoen et al., 2011), but this 

method still imposes structure on the data by forcing the ends of each spline to tie together. A 

second and more transparent method is to use fixed-effect variables for discrete distances, which 

imposes little structure on the data (Hoen et al., 2009; Hinman, 2010; Carter, 2011; Hoen et al., 

5 This analysis is available upon request from the authors. 
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2011). Although this latter method has been used in a number of studies, because of a paucity of 

data, the resulting models are often ineffective at detecting what might be relatively small effects 

very close to the turbines. As such, when using this method (or any other, in fact) it is important 

that the underlying dataset is large enough to estimate the anticipated magnitude of the effect 

sizes. 

Finally, one rarely investigated aspect of potential wind-turbine effects is the possibly 

idiosyncratic nature of spatially averaged transaction data used in the hedonic analyses. Sunak 

and Madlener (2012) used a geographically weighted regression (GWR), which estimates 

different regressions for small clusters of data and then allows the investigation of the 

distribution of effects across all of the clusters. Although GWR can be effective for 

understanding the range of impacts across the study area, it is not as effective for determining an 

average effect or for testing the statistical significance of the range of estimates. Results from 

studies that use GWR methods are also sometimes counter-intuitive.6  As is discussed in more 

detail in the methodology section, a potentially better approach is to estimate a spatial-process 

model that is flexible enough to simultaneously control for spatial heterogeneity and spatial 

dependence, while also estimating an average effect across fixed discrete effects.  

In summary, building on the existing literature, further research is needed on property-value 

effects in particularly close proximity to wind turbines. Specifically, research is needed that uses 

a large set of data near the turbines, accounts for home values before the announcement of the 

facility (as well as after announcement but before construction), accounts for potential spatial 

dependence in unobserved factors effecting home values, and uses a fixed-effect distance model 

that is able to accurately estimate effects near turbines.  

3. Methodology 

The present study seeks to respond to the identified research needs noted above, with this section 

describing our methodological framework for estimating the effects of wind turbines on the 

value of nearby homes in the United States.  

6 For example, Sunak and Madlener (2012) find larger effects related to the turbines in a city that is farther from the 
turbines than they find in a town which is closer. Additionally, they find stronger effects in the center of a third town 
than they do on the outskirts of that town, which do not seem related to the location of the turbines. 

7 
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3.1. Basic Approach and Models  

Our methods are designed to help answer the following questions: 

1. Did homes that sold prior to the wind facilities’ announcement (PA)—and located within 

a short distance (e.g., within a half mile) from where the turbines were eventually 

located—sell at lower prices than homes located farther away? 

2. Did homes that sold after the wind facilities’ announcement but before construction 

(PAPC)—and located within a short distance (e.g., within a half mile)—sell at lower 

prices than homes located farther away? 

3. Did homes that sold after the wind facilities’ construction (PC)—and located within a 

short distance (e.g., within a half mile)—sell at lower prices than homes located farther 

away? 

4. For question 3 above, if no statistically identifiable effects are found, what is the likely 

maximum effect possible given the margins of error around the estimates? 

To answer these questions, the hedonic pricing model (Rosen, 1974; Freeman, 1979) is used in 

this paper, as it has been in other disamenity research (Boyle and Kiel, 2001; Jackson, 2001; 

Simons and Saginor, 2006). The value of this approach is that is allows one  to disentangle and 

control for the potentially competing influences of home, site, neighborhood, and market 

characteristics on property values, and to uniquely determine how home values near announced 

or operating facilities are affected.7  To test for these effects, two pairs of “base” models are 

estimated, which are then coupled with a set of “robustness” models to test and bound the 

estimated effects. One pair is estimated using a standard OLS model, and the other is estimated 

using a spatial-process model. The models in each pair are different in that one focuses on all 

homes within 1 mile of an existing turbine (one-mile models), which allows the maximum 

number of data for the fixed effect to be used, while the other focuses on homes within a half 

mile (half-mile models), where effects are more likely to appear but fewer data are available. We 

assume that, if effects exist near turbines, they are larger for the half-mile models than the one-

mile models. 

7 See Jackson (2003) for a further discussion of the Hedonic Pricing Model and other analysis methods. 
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As is common in the literature (Malpezzi, 2003; Sirmans et al., 2005), a semi-log functional form 

of the hedonic pricing model is used for all models, where the dependent variable is the natural 

log of sales price. The OLS half-mile model form is as follows: 

1 2 3 4ln( ) ( ) ( ) ( ) ( )i i i i i i i i i
a b

SP T S W X C D Pα β β β β ε= + + + + +∑ ∑    (1) 

where 

SPi represents the sale price for transaction i, 

α is the constant (intercept) across the full sample, 

Ti is a vector of time-period dummy variables (e.g., sale year and if the sale occurred in winter) 

in which transaction i occurred, 

Si is the state in which transaction i occurred, 

Wi is the census tract in which transaction i occurred,  

Xi is a vector of home, site, and neighborhood characteristics for transaction i (e.g., square feet, 

age, acres, bathrooms, condition, percent of block group vacant and owned, median age of block 

group),8 

Ci is the county in which transaction i occurred, 

Di is a vector of four fixed-effect variables indicating the distance (to the nearest turbine) bin (i.e., 

group) in which transaction i is located (e.g., within a half mile, between a half and 1 mile, 

between 1 and 3 miles, and between 3 and 10 miles), 

Pi is a vector of three fixed-effect variables indicating the wind project development period in 

which transaction i occurred (e.g., PA, PAPC, PC), 

B1-3 is a vector of estimates for the controlling variables, 

Β4 is a vector of 12 parameter estimates of the distance-development period interacted variables 

of interest, 

εi is a random disturbance term for transaction i. 

This pooled construction uses all property transactions in the entire dataset.  In so doing, it takes 

advantage of the large dataset in order to estimate an average set of turbine-related effects across 

all study areas, while simultaneously allowing for the estimation of controlling characteristics at 

8 A “block group” is a US Census Bureau geographic delineation that contains a population between 600 to 3000 
persons. 
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the local level, where they are likely to vary substantially across the study areas.9 Specifically, 

the interaction of county-level fixed effects (Ci) with the vector of home, site, and neighborhood 

characteristics (Xi) allows different slopes for each of these independent variables to be estimated 

for each county. Similarly, interacting the state fixed-effect variables (Si) with the sale year and 

sale winter fixed effects variables (Ti) (i.e., if the sale occurred in either Q1 or Q4) allows the 

estimation of the respective inflation/deflation and seasonal adjustments for each state in the 

dataset.10 Finally, to control for the potentially unique collection of neighborhood characteristics 

that exist at the micro-level, census tract fixed effects are estimated.11 Because a pooled model is 

used that relies upon the full dataset, smaller effect sizes for wind turbines will be detectable. At 

the same time, however, this approach does not allow one to distinguish possible wind turbine 

effects that may be larger in some communities than in others.  

As discussed earlier, effects might predate the announcement of the wind facility and thus must 

be controlled for. Additionally, the area surrounding the wind facility might have changed over 

time simultaneously with the arrival of the turbines, which could affect home values. For 

example, if a nearby factory closed at the same time a wind facility was constructed, the 

influence of that factor on all homes in the general area would ideally be controlled for when 

estimating wind turbine effect sizes.  

To control for both of these issues simultaneously, we use a difference-in-difference (DD) 

specification (see e.g., Hinman, 2010; Zabel and Guignet, 2012) derived from the interaction of 

9 The dataset does not include “participating” landowners, those that have turbines situated on their land, but does 
include “neighboring” landowners, those adjacent to or nearby the turbines. One reviewer notes that the estimated 
average effects also include any effects from payments “neighboring” landowners might receive that might transfer 
with the home.  Based on previous conversations with developers (see Hoen et al, 2009), we expect that the 
frequency of these arrangements is low, as is the right to transfer the payments to the new homeowner.  Nonetheless, 
our results should be interpreted as “net” of any influence whatever “neighboring” landowner arrangements might 
have. 
10 Unlike the vector of home, site, and neighborhood characteristics, sale price inflation/deflation and seasonal 
changes were not expected tovary substantially across various counties in the same states in our sample and 
therefore the interaction was made at the state level.  This assumption was tested as part of the robustness tests 
though, where they are interacted at the county level and found to not affect the results. 
11 In part because of the rural nature of many of the study areas included in the research sample, these census tracts 
are large enough to contain sales that are located close to the turbines as well as those farther away, thereby ensuring 
that they do not unduly absorb effects that might be related to the turbines. Moreover each tract contains sales from 
throughout the study periods, both before and after the wind facilities’ announcement and construction, further 
ensuring they are not biasing the variables of interest.  

10 
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the spatial (Di) and temporal (Pi) terms. These terms produce a vector of 11 parameter estimates 

(β4) as shown in Table 1 for the half-mile models and in Table 2 for the one-mile models. The 

omitted (or reference) group in both models is the set of homes that sold prior to the wind 

facilities’ announcement and which were located more than 3 miles away from where the 

turbines were eventually located (A3). It is assumed that this reference category is likely not 

affected by the imminent arrival of the turbines, although this assumption is tested in the 

robustness tests. 

Using the half-mile models, to test whether the homes located near the turbines that sold in the 

PA period were uniquely affected (research question 1), we examine A0, from which the null 

hypothesis is A0=0. To test if the homes located near the turbines that sold in the PAPC period 

were uniquely affected (research question 2), we first determine the difference in their values as 

compared to those farther away (B0-B3), while also accounting for any pre-announcement (i.e., 

pre-existing) difference (A0-A3) and any change in the local market over the development 

period (B3-A3). Because all covariates are determined in relation to the omitted category (A3), 

the null hypothesis collapses B0-A0-B3=0. Finally, in order to determine if homes near the 

turbines that sold in the PC period were uniquely affected (research question 3), we test if C0-

A0-C3=0. Each of these DD tests are estimated using a linear combination of variables that 

produces the “net effect” and a measure of the standard error and corresponding confidence 

intervals of the effect, which enables the estimation of the maximum (and minimum) likely 

impacts for each research question. We use 90% confidence intervals both to determine 

significance and to estimate maximum likely effects (research question 4).  

Following the same logic as above, the corresponding hypothesis tests for the one-mile models 

are as follows: PA, A1=0; PAPC, B1-A1-B3=0; and, PC, C1-A1-C3=0. 

11 
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Table 1: Interactions between Wind Facility Development Periods and Distances – ½ Mile 

 

Table 2: Interactions between Wind Facility Development Periods and Distances - 1 Mile 

 

3.2. Spatial Dependence 

As discussed briefly above, a common feature of the data used in hedonic models is the spatially 

dense nature of the real estate transactions. While this spatial density can provide unique insights 

into local real estate markets, one concern that is often raised is the impact of potentially omitted 

variables given that this is impossible to measure all of the local characteristics that affect 

housing prices. As a result, spatial dependence in a hedonic model is likely because houses 

located closer to each other typically have similar unobservable attributes. Any correlation 

between these unobserved factors and the explanatory variables used in the model (e.g., distance 

to turbines) is a source of omitted-variable bias in the OLS models. A common approach used in 

Within 
1/2 Mile

Between 
1/2 and 1 

Mile

Between 
1 and 3 
Miles

Outside of 
3 Miles

Prior to Announcement A0 A1 A2
A3        

(Omitted)
After Announcement 
but Prior to 
Construction

B0 B1 B2 B3

Post Construction C0 C1 C2 C3

Distances to Nearest Turbine

Wind Facility 
Development Periods

Within 1 
Mile

Between 
1 and 3 
Miles

Outside of 
3 Miles
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the hedonic literature to correct this potential bias is to include local fixed effects (Hoen et al., 

2009, 2011; Zabel and Guignet, 2012), which is our approach as described in formula (1). 

In addition to including local fixed effects, spatial econometric methods can be used to help 

further mitigate the potential impact of spatially omitted variables by modeling spatial 

dependence directly. When spatial dependence is present and appropriately modeled, more 

accurate (i.e., less biased) estimates of the factors influencing housing values can be obtained. 

These methods have been used in a number of previous hedonic price studies; examples include 

the price impacts of wildfire risk (Donovan et al., 2007), residential community associations 

(Rogers, 2006), air quality (Anselin and Lozano-Gracia, 2009), and spatial fragmentation of land 

use (Kuethe, 2012). To this point, however, these methods have not been applied to studies of the 

impact of wind turbines on property values. 

Moran’s I is the standard statistic used to test for spatial dependence in OLS residuals of the 

hedonic equation. If the Moran’s I is statistically significant (as it is in our models – see Section  

5.1.2), the assumption of spatial independence is rejected. To account for this, in spatial-process 

models, spatial dependence is routinely modeled as an additional covariate in the form of a 

spatially lagged dependent variable Wy, or in the error structure ,μ λWμ ε= + where ε is an 

identically and independently distributed disturbance term (Anselin, 1988). Neighboring 

criterion determines the structure of the spatial weights matrix W, which is frequently based on 

contiguity, distance criterion, or k-nearest neighbors (Anselin, 2002). The weights in the spatial-

weights matrix are typically row standardized so that the elements of each row sum to one.  

The spatial-process model, known as the SARAR model (Kelejian and Prucha, 1998)12, allows 

for both forms of spatial dependence, both as an autoregressive process in the lag-dependent and 

in the error structure, as shown by: 

 
,

.
y Wy X

W
ρ β µ

µ λ µ ε
= + +
= +

 (2)   

12 SARAR refers to a “spatial-autoregressive model with spatial autoregressive residuals”. 
13 
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Equation (2) is often estimated by a multi-step procedure using generalized moments and 

instrumental variables (Arraiz et al., 2009), which is our approach. The model allows for the 

innovation term ε in the disturbance process to be heteroskedastic of an unknown form (Kelejian 

and Prucha, 2010). If either λ or ρ are not significant, the model reduces to the respective spatial 

lag or spatial error model (SEM).  In our case, as is discussed later, the spatial process model 

reduces to the SEM, therefore both half-mile and one-mile SEMs are estimated, and, as with the 

OLS models discussed above, a similar set of DD “net effects” are estimated for the PA, PAPC, 

and PC periods. One requirement of the spatial model is that the x/y coordinates be unique across 

the dataset. However, the full set of data (as described below) contains, in some cases, multiple 

sales for the same property, which consequently would have non-unique x/y coordinates.13 

Therefore, for the spatial models, only the most recent sale is used. An OLS model using this 

limited dataset is also estimated as a robustness test.  

In total, four “base” models are estimated: an OLS one-mile model, a SEM one-mile model, an 

OLS half-mile model, and a SEM half-mile model. In addition, a series of robustness models are 

estimated as described next. 

3.3. Robustness Tests 

To test the stability of and potentially bound the results from the four base models, a series of 

robustness tests are conducted that explore:  the effect that outliers and influential cases have on 

the results; a micro-inflation/deflation adjustment by interacting the sale-year fixed effects with 

the county fixed effects rather than state fixed effects; the use of only the most recent sale of 

homes in the dataset to compare results to the SEM models that use the same dataset; the 

application of a more conservative reference category by using transactions between 5 and 10 

miles (as opposed to between 3 and 10 miles) as the reference; and  a more conservative 

13 The most recent sale weights the transactions to those occurring after announcement and construction, that are 
more recent in time.  One reviewer wondered if the frequency of sales was affected near the turbines, which is also 
outside the scope of the study, though this “sales volume” was investigated in Hoen et al. (2009), where no evidence 
of such an effect was discovered. Another correctly noted that the most recent assessment is less accurate for older 
sales, because it might overestimate some characteristics of the home (e.g., sfla, baths) that might have changed (i.e., 
increased) over time.  This would tend to bias those characteristics’ coefficients downward. Regardless, it is 
assumed that this occurrence is not correlated with proximity to turbines and therefore would not bias the variables 
of interest. 
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reference category by using transactions more than 2 years PA (as opposed to simply PA) as the 

reference category. Each of these tests is discussed in detail below. 

3.3.1. Outliers and Influential Cases 

Most datasets contain a subset of observations with particularly high or low values for the 

dependent variables, which might bias estimates in unpredictable ways. In our robustness test, 

we assume that observations with sales prices above or below the 99% and 1% percentile are 

potentially problematic outliers. Similarly, individual sales transactions and the values of the 

corresponding independent variables might exhibit undue influence on the regression coefficients. 

In our analysis, we therefore estimate a set of Cook’s Distance statistics (Cook, 1977; Cook and 

Weisberg, 1982) on the base OLS half-mile model and assume any cases with an absolute value 

of this statistic greater than one to be potentially problematic influential cases. To examine the 

influence of these cases on our results, we estimate a model with both the outlying sales prices 

and Cook’s influential cases removed. 

3.3.2. Interacting Sale Year at the County Level 

It is conceivable that housing inflation and deflation varied dramatically in different parts of the 

same state. In the base models, we interact sale year with the state to account for inflation and 

deflation of sales prices, but a potentially more-accurate adjustment might be warranted. To 

explore this, a model with the interaction of sale year and county, instead of state, is estimated. 

3.3.3. Using Only the Most Recent Sales 

The dataset for the base OLS models includes not only the most recent sale of particular homes, 

but also, if available, the sale prior to that. Some of these earlier sales occurred many years prior 

to the most recent sale. The home and site characteristics (square feet, acres, condition, etc.) used 

in the models are populated via assessment data for the home. For some of these data, only the 

most recent assessment information is available (rather than the assessment from the time of 

sale), and therefore older sales might be more prone to error as their characteristics might have 
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changed since the sale.14 Additionally, the SEMs require that all x/y coordinates entered into the 

model are unique; therefore, for those models only the most recent sale is used. Excluding older 

sales therefore potentially reduces measurement error, and also enables a more-direct comparison 

of effects between the base OLS model and SEM results.  

3.3.4. Using Homes between 5 and 10 Miles as Reference Category 

The base models use the collection of homes between 3 and 10 miles from the wind facility (that 

sold before the announcement of the facility) as the reference category in which wind facility 

effects are not expected. However, it is conceivable that wind turbine effects extend farther than 

3 miles. If homes outside of 3 miles are affected by the presence of the turbines, then effects 

estimated for the target group (e.g., those inside of 1 mile) will be biased downward (i.e., 

smaller) in the base models. To test this possibility and ensure that the results are not biased, the 

group of homes located between 5 and 10 miles is used as a reference category as a robustness 

test.  

3.3.5. Using Transactions Occurring More than 2 Years before Announcement as 

Reference Category 

The base models use the collection of homes that sold before the wind facilities were announced 

(and were between 3 and 10 miles from the facilities) as the reference category, but, as discussed 

in Hoen et al. (2009, 2011), the announcement date of a facility, when news about a facility 

enters the public domain, might be after that project was known in private. For example, wind 

facility developers may begin talking to landowners some time before a facility is announced, 

and these landowners could share that news with neighbors. In addition, the developer might 

erect an anemometer to collect wind-speed data well before the facility is formally “announced,” 

which might provide concrete evidence that a facility may soon to be announced. In either case, 

this news might enter the local real estate market and affect home prices before the formal 

facility announcement date. To explore this possibility, and to ensure that the reference category 

14 As discussed in more detail in the Section 4, approximately 60% of all the data obtained for this study (that 
obtained from CoreLogic) used the most recent assessment to populate the home and site characteristics for all 
transactions of a given property. 
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is unbiased, a model is estimated that uses transactions occurring more than 2 years before the 

wind facilities were announced (and between 3 and 10 miles) as the reference category. 

Combined, this diverse set of robustness tests allows many assumptions used for the base models 

to be tested, potentially allowing greater confidence in the final results. 

4. Data  

The data used for the analysis are comprised of four types: wind turbine location data, real estate 

transaction data, home and site characteristic data, and census data. From those, two additional 

sets of data are calculated: distance to turbine and wind facility development period. Each data 

type is discussed below. Where appropriate, variable names are shown in italics. 

4.1. Wind Turbine Locations 

Location data (i.e., x/y coordinates) for  installed wind turbines were obtained via an iterative 

process starting with Federal Aviation Administration obstacle data, which were then linked to 

specific wind facilities by Ventyx15 and matched with facility-level data maintained by LBNL. 

Ultimately, data were collected on the location of almost all wind turbines installed in the U.S. 

through 2011 (n ~ 40,000), with information about each facility’s announcement, construction, 

and operation dates as well as turbine nameplate capacity, hub height, rotor diameter, and facility 

size. 

4.2. Real Estate Transactions 

Real estate transaction data were collected through two sources, each of which supplied the 

home’s sale price (sp), sale date (sd), x/y coordinates, and address including zip code. From 

those, the following variables were calculated: natural log of sale price (lsp), sale year (sy), if the 

sale occurred in winter (swinter) (i.e., in Q1 or Q4). 

The first source of real estate transaction data was CoreLogic’s extensive dataset of U.S. 

residential real estate information.16 Using the x/y coordinates of wind turbines, CoreLogic 

15 See the EV Energy Map, which is part of the Velocity Suite of products at www.ventyx.com. 
16 See www.corelogic.com. 
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selected all arms-length single-family residential transactions between 1996 and 2011 within 10 

miles of a turbine in any U.S. counties where they maintained data (not including New York – 

see below) on parcels smaller than 15 acres.17 The full set of counties for which data were 

collected were then winnowed to 26 by requiring at least 250 transactions in each county, to 

ensure a reasonably robust estimation of the controlling characteristics (which, as discussed 

above, are interacted with county-level fixed effects), and by requiring at least one PC 

transaction within a half mile of a turbine in each county (because this study’s focus is on homes 

that are located in close proximity to turbines). 

The second source of data was the New York Office of Real Property Tax Service 

(NYORPTS),18 which supplied a set of arms-length single-family residential transactions 

between 2001 and 2012 within 10 miles of existing turbines in any New York county in which 

wind development had occurred prior to 2012. As before, only parcels smaller than 15 acres 

were included, as were a minimum of 250 transactions and at least one PC transaction within a 

half mile of a turbine for each New York county. Both CoreLogic and NYORPTS provided the 

most recent home sale and, if available, the prior sale. 

4.3. Home and Site Characteristics 

A set of home and site characteristic data was also collected from both data suppliers: 1000s of 

square feet of living area (sfla1000), number of acres of the parcel (acres), year the home was 

built (or last renovated, whichever is more recent) (yrbuilt), and the number of full and half 

bathrooms (baths).19 Additional variables were calculated from the other variables as well: log of 

1,000s of square feet (lsfla1000),20 the number of acres less than 1 (lt1acre),21 age at the time of 

sale (age), and age squared (agesqr).22 

17 The 15 acre screen was used because of a desire to exclude from the sample any transaction of property that might 
be hosting a wind turbine, and therefore directly benefitting from the turbine’s presence (which might then increase 
property values).  To help ensure that the screen was effective, all parcels within a mile of a turbine were also 
visually inspected using satellite and ortho imagery via a geographic information system. 
18 See www.orps.state.ny.us  
19 Baths was calculated in the following manner: full bathrooms + (half bathrooms x 0.5). Some counties did not 
have baths data available, so for them baths was not used as an independent variable. 
20 The distribution of sfla1000 is skewed, which could bias OLS estimates, thus lsfla1000 is used instead, which is 
more normally distributed. Regression results, though, were robust when sfla1000 was used instead. 
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Regardless of when the sale occurred, CoreLogic supplied the related home and site 

characteristics as of the most recent assessment, while NYORPTS supplied the assessment data 

as of the year of sale.23  

4.4. Census Information 

Each of the homes in the data was matched (based on the x/y coordinates) to the underlying 

census block group and tract via ArcGIS. Using the year 2000 block group census data, each 

transaction was appended with neighborhood characteristics including the median age of the 

residents (medage), the total number of housing units (units), the number vacant (vacant) homes, 

and the number of owned (owned) homes. From these, the percentages of the total number of 

housing units in the block group that were vacant and owned were calculated, i.e., pctvacant and 

pctowned.  

4.5. Distances to Turbine 

Using the x/y coordinates of both the homes and the turbines, a Euclidian distance (in miles) was 

calculated for each home to the nearest wind turbine (tdis), regardless of when the sale occurred 

(e.g., even if a transaction occurred prior to the wind facility’s installation).24 These were then 

broken into four mutually exclusive distance bins (i.e., groups) for the base half-mile models: 

inside a half mile, between a half and 1 mile, between 1 and 3 miles, and between 3 and 10 miles. 

They were broken into three mutually exclusive bins for the base one-mile models: inside 1 mile, 

between 1 and 3 miles, and between 3 and 10 miles. 

4.6. Wind Facility Development Periods 

After identifying the nearest wind turbine for each home, a match could be made to Ventyx’ 

dataset of facility-development announcement and construction dates. These facility-

development dates in combination with the dates of each sale of the homes determined in which 

21 This variable allows the separate estimations of the 1st acre and any additional acres over the 1st. 
22 Age and agesqr together account for the fact that, as homes age, their values usually decrease, but further 
increases in age might bestow countervailing positive “antique” effects. 
23 See footnote 13. 
24 Before the distances were calculated, each home inside of 1 mile was visually inspected using satellite and ortho 
imagery, with x/y coordinates corrected, if necessary, so that those coordinates were on the roof of the home.  
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of the three facility-development periods (fdp) the transaction occurred: pre-announcement (PA), 

post-announcement-pre-construction (PAPC), or post-construction (PC).  

4.7. Data Summary 

After cleaning to remove missing or erroneous data, a final dataset of 51,276 transactions was 

prepared for analysis.25 As shown in the map of the study area (Figure 1), the data are arrayed 

across nine states and 27 counties (see Table 4), and surround 67 different wind facilities.  

Table 3 contains a summary of those data. The average unadjusted sales price for the sample is 

$122,475. Other average house characteristics include the following: 1,600 square feet of living 

space; house age of 48 years26; land parcel size of 0.90 acres; 1.6 bathrooms; in a block group in 

which 74% of housing units are owned, 9% are vacant, and the median resident age is 38 years; 

located 4.96 miles from the nearest turbine; and sold at the tail end of the PA period.  

 

The data are arrayed across the temporal and distance bins as would be expected, with smaller 

numbers of sales nearer the turbines, as shown in Table 5. Of the full set of sales, 1,198 occurred 

within 1 mile of a then-current or future turbine location, and 376 of these occurred post 

construction; 331 sales occurred within a half mile, 104 of which were post construction. Given 

these totals, the models should be able to discern a post construction effect larger than ~3.5% 

within a mile and larger than ~7.5% within a half mile (see discussion in Section 2). These 

effects are at the top end of the expected range of effects based on other disamenities (high-

voltage power lines, roads, landfills, etc.). 

25 Cleaning involved the removal of all data that did not have certain core characteristics (sale date, sale price, sfla, 
yrbuilt, acres, median age, etc.) fully populated as well as the removal of any sales that had seemingly miscoded 
data (e.g., having a sfla that was greater than acres, having a yrbuilt more than 1 year after the sale, having less than 
one bath) or that did not conform to the rest of the data (e.g., had acres or sfla that were either larger or smaller, 
respectively, than 99% or 1% of the data). OLS models were rerun with those “nonconforming” data included with 
no substantive change in the results in comparison to the screened data presented in the report.  
26 Age could be as low as -1(for a new home) for homes that were sold before construction was completed. 
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Figure 1: Map of Transactions, States, and Counties 

 

 

Table 3: Summary Statistics 

  

 

Variable Description Mean Std. Dev. Min Max
sp sale price in dollars 122,475$   80,367$   9,750$   690,000$ 
lsp natural log of sale price 11.52 0.65 9.19 13.44
sd sale date 1/18/2005 1,403 days 1/1/1996 9/30/2011
sy sale year 2005 3.84 1996 2011
sfla1000 living area in 1000s of square feet 1.60 0.57 0.60 4.50
lsfla1000 natural log of sfla1000 0.41 0.34 -0.50 1.50
acres number of acres in parcel 0.90 1.79 0.03 14.95
acreslt1* acres less than 1 -0.58 0.34 -0.97 0.00
age age of home at time of sale 48 37 -1 297
agesq age squared 3689 4925 0 88209
baths** number of bathrooms 1.60 0.64 1.00 5.50
pctowner fraction of house units in block group that are owned (as of 2000) 0.74 0.17 0.63 0.98
pctvacant fraction of house units in block group that are vacant (as of 2000) 0.09 0.10 0.00 0.38
med_age median age of residents in block group (as of 2000) 38 6 20 63
tdis distance to nearest turbine (as of December 2011) in miles 4.96 2.19 0.09 10.00
fdp*** facility development period of nearest turbine at time of sale 1.94 0.87 1.00 3.00
Note: The number of cases for the full dataset is 51,276
* acreslt1 is calculated as follows:  acres (if less than 1) * - 1
** Some counties did not have bathrooms populated; for those, these variables are entered into the regression as 0.
*** fdp periods are: 1, pre-announcement,; 2, post-announcement-pre-construction; and, 3, post-construction.
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Table 4: Summary of Transactions by County 

 

 

Table 5: Frequency Crosstab of Wind Turbine Distance and Development Period Bins 

 

County State <1/2 mile 1/2-1 mile 1-3 miles 3-10 miles Total
Carroll IA 12           56           331          666          1,065       
Floyd IA 3             2             402          119          526          
Franklin IA 8             1             9             322          340          
Sac IA 6             77           78           485          646          
DeKalb IL 4             8             44           605          661          
Livingston IL 16           6             237          1,883       2,142       
McLean IL 18           88           380          4,359       4,845       
Cottonwood MN 3             10           126          1,012       1,151       
Freeborn MN 17           16           117          2,521       2,671       
Jackson MN 19           28           36           149          232          
Martin MN 7             25           332          2,480       2,844       
Atlantic NJ 34           96           1,532       6,211       7,873       
Paulding OH 15           58           115          309          497          
Wood OH 5             31           563          4,844       5,443       
Custer OK 45           24           1,834       349          2,252       
Grady OK 1             6             97           874          978          
Fayette PA 1             2             10           284          297          
Somerset PA 23           100          1,037       2,144       3,304       
Wayne PA 4             29           378          739          1,150       
Kittitas WA 2             6             61           349          418          
Clinton NY 4             6             49           1,419       1,478       
Franklin NY 16           41           75           149          281          
Herkimer NY 3             17           354          1,874       2,248       
Lewis NY 5             6             93           732          836          
Madison NY 5             26           239          3,053       3,323       
Steuben NY 5             52           140          1,932       2,129       
Wyoming NY 50           50           250          1,296       1,646       
Total 331 867 8,919 41,159 51,276

<1/2 mile 1/2-1 mile 1-3 miles 3-10 miles total
PA 143 383 3,892 16,615 21,033
PAPC 84 212 1,845 9,995 12,136
PC 104 272 3,182 14,549 18,107

total 331 867 8,919 41,159 51,276
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As shown in Table 6, the home sales occurred around wind facilities that range from a single-

turbine project to projects of 150 turbines, with turbines of 290–476 feet (averaging almost 400 

feet) in total height from base to tip of blade and with an average nameplate capacity of 1,637 

kW. The average facility was announced in 2004 and constructed in 2007, but some were 

announced as early as 1998 and others were constructed as late as 2011.  

Table 6: Wind Facility Summary 

  

4.8. Comparison of Means  

To provide additional context for the analysis discussed in the next section, we further 

summarize the data here using four key variables across the sets of development period (fdp) and 

distance bins (tdis) used in the one-mile models.27 The variables are the dependent variable log 

of sale price (lsp) and three independent variables: lsfla100, acres, and age. These summaries are 

provided in Table 7; each sub-table gives the mean values of the variables across the three fdp 

bins and three tdis bins, and the corresponding figures plot those values.  

The top set of results are focused on the log of the sales price, and show that, based purely on 

price and not controlling for differences in homes, homes located within 1 mile of turbines had 

lower sale prices than homes farther away; this is true across all of the three development periods. 

Moreover, the results also show that, over the three periods, the closer homes appreciated to a 

somewhat lesser degree than homes located farther from the turbines. As a result, focusing only 

on the post-construction period, these results might suggest that home prices near turbines are 

27 Summaries for the half-mile models reveal a similar relationship, so only the one-mile model summaries are 
shown here. 

mean min
25th 

percentile median
75th 

percentile max
turbine rotor diameter (feet) 262 154 253 253 269 328
turbine hub height (feet) 256 197 256 262 262 328
turbine total height (feet) 388 290 387 389 397 476
turbine capacity (kW) 1637 660 1500 1500 1800 2500
facility announcement year 2004 1998 2002 2003 2005 2010
facility construction year 2007 2000 2004 2006 2010 2011
number of turbines in facility 48 1 5 35 84 150
nameplate capacity of facility (MW) 79 1.5 7.5 53 137 300
Note:  The data correspond to 67 wind facilities located in the study areas.  Mean values are rounded to integers
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adversely impacted by the turbines.  After all, the logarithmic values for the homes within a mile 

of the turbines (11.39) and those outside of a three miles (11.72) translate into an approximately 

40% difference, in comparison to an 21% difference before the wind facilities were announced 

(11.16 vs. 11.35).28 Focusing on the change in average values between the pre-announcement 

and post-construction periods might also suggest an adverse effect due to the turbines, because 

homes inside of 1 mile appreciated more slowly (11.16 to 11.39, or 25%) than those outside of 3 

miles (11.35 to 11.72, or 45%). Both conclusions of adverse turbine effects, however, disregard 

other important differences between the homes, which vary over the periods and distances.  

Similarly, comparing the values of the PA inside 1 mile homes (11.16) and the PC outside of 3 

miles homes (11.72), which translates into a difference of 75%, and which is the basis for 

comparison in the regressions discussed below, but also ignores any differences in the underlying 

characteristics. 

The remainder of Table 7, for example, indicates that, although the homes that sold within 1 mile 

are lower in value, they are also generally (in all but the PA period) smaller, on larger parcels of 

land, and older. These differences in home size and age across the periods and distances might 

explain the differences in price, while the differences in the size of the parcel, which add value, 

further amplifying the differences in price. Without controlling for these possible impacts, one 

cannot reliably estimate the impact of wind turbines on sales prices. 

In summary, focusing solely on trends in home price (or price per square foot) alone, and for 

only the PC period, as might be done in a simpler analysis, might incorrectly suggest that wind 

turbines are affecting price when other aspects of the markets, and other home and sites 

characteristic differences, could be driving the observed price differences. This is precisely why 

researchers generally prefer the hedonic model approach to control for such effects, and the 

results from our hedonic OLS and spatial modeling detailed in the next section account for these 

and many other possible influencing factors.  

28 Percentage differences are calculated as follows: exp(11.72-11.39)-1=0.40 and exp(11.35-11.16)-1=0.21. 
24 
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Table 7: Dependent and Independent Variable Means 

 

5. Results 

This section contains analysis results and discussion for the four base models, as well as the 

results from the robustness models. 

5.1. Estimation Results for Base Models 
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Estimation results for the “base” models are shown in Table 8 and Table 9.29 In general, given 

the diverse nature of the data, the models perform adequately, with adjusted R2 values ranging 

from 0.63 to 0.67 (bottom of Table 9). 

5.1.1. Control Variables 

The controlling home, site, and block group variables, which are interacted at the county level, 

are summarized in Table 8. Table 8 focuses on only one of the base models, the one-mile OLS 

model, but full results from all models are shown in the Appendix. 30 To concisely summarize 

results for all of the 27 counties, the table contains the percentage of all 27 counties for which 

each controlling variable has statistically significant (at or below the 10% level) coefficients for 

the one-mile OLS model. For those controlling variables that are found to be statistically 

significant, the table further contains mean values, standard deviations, and minimum and 

maximum levels.  

Many of the county-interacted controlling variables (e.g., lsfla1000, lt1acre, age, agesqr, baths, 

and swinter) are consistently (in more than two thirds of the counties) statistically significant 

(with a p-value < 0.10) and have appropriately sized mean values. The seemingly spurious 

minimum and maximum values among some of the county-level controlling variables (e.g., 

lt1acre minimum of -0.069) likely arise when these variables in particular counties are highly 

correlated with other variables, such as square feet (lsfla1000), and also when sample size is 

limited.31 The other variables (acres and the three block group level census variables: pctvacant, 

pctowner, and med_age) are statistically significant in 33-59% of the counties. Only one 

variable’s mean value—the percent of housing units vacant in the block group as of the 2000 

census (pctvacant)—was counterintuitive.  In that instance, a positive coefficient was estimated, 

when in fact, one would expect that increasing the percent of vacant housing would lower prices; 

29 The OLS models are estimated using the areg procedure in Stata with robust (White’s corrected) standard errors 
(White, 1980). The spatial error models are estimated using the gstslshet routine in the sphet package in R, which 
also allows for robust standard errors to be estimated. See: http://cran.r-project.org/web/packages/sphet/sphet.pdf 
30 The controlling variables’ coefficients were similar across the base models, so only the one-mile results are 
summarized here.  
31 The possible adverse effects of these collinearities were fully explored both via the removal of the variables and 
by examining VIF statistics.  The VOI results are robust to controlling variable removal and have relatively low (< 
5) VIF statistics. 
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this counter-intuitive effect may be due to collinearity with one or more of the other variables, or 

possible measurement errors.32  

The sale year variables, which are interacted with the state, are also summarized in Table 8, with 

the percentages indicating the number of states in which the coefficients are statistically 

significant. The inclusion of these sale year variables in the regressions control for inflation and 

deflation across the various states over the study period. The coefficients represent a comparison 

to the omitted year, which is 2011. All sale year state-level coefficients are statistically 

significant in at least 50% of the states in all years except 2010, and they are significant in two 

thirds of the states in all except 3 years. The mean values of all years are appropriately signed, 

showing a monotonically ordered peak in values in 2007, with lower values in the prior and 

following years. The minimum and maximum values are similarly signed (negative) through 

2003 and from 2007 through 2010 (positive), and are both positive and negative in years 2003 

through 2006, indicating the differences in inflation/deflation in those years across the various 

states. This reinforces the appropriateness of interacting the sale years at the state level. Finally, 

although not shown, the model also contains 250 fixed effects for the census tract delineations, 

of which approximately 50% were statistically significant. 

 

32 The removal of this, as well as the other block group census variables, however, did not substantively influence 
the results of the VOI. 
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Table 8: Levels and Significance for County- and State-Interacted Controlling Variables33 

  

5.1.2. Variables of Interest 

The variables of interest, the interactions between the fdp and tdis bins, are shown in Table 9 for 

the four base models. The reference (i.e., omitted) case for these variables are homes that sold 

prior to the wind facilities’ announcement (PA) and are located between 3 and 10 miles from the 

33 Controlling variable statistics are provided for only the one-mile OLS model but did not differ substantially for 
other models. All variables are interacted with counties, except for sale year (sy), which is interacted with the state. 

Variable Mean St Dev Min Max
lsfla1000 100% 0.604 0.153 0.332 0.979
acres 48% 0.025 0.035 -0.032 0.091
lt1acre 85% 0.280 0.170 -0.069 0.667
age 81% -0.006 0.008 -0.021 0.010
agesqr 74% -0.006 0.063 -0.113 0.108
baths* 85% 0.156 0.088 0.083 0.366
pctvacant 48% 1.295 3.120 -2.485 9.018
pctowner 33% 0.605 0.811 -0.091 2.676
med_age 59% -0.016 0.132 -0.508 0.066
swinter 78% -0.034 0.012 -0.053 -0.020
sy1996 100% -0.481 0.187 -0.820 -0.267
sy1997 100% -0.448 0.213 -0.791 -0.242
sy1998 100% -0.404 0.172 -0.723 -0.156
sy1999 100% -0.359 0.169 -0.679 -0.156
sy2000 88% -0.298 0.189 -0.565 -0.088
sy2001 88% -0.286 0.141 -0.438 -0.080
sy2002 67% -0.261 0.074 -0.330 -0.128
sy2003 67% -0.218 0.069 -0.326 -0.119
sy2004 75% -0.084 0.133 -0.208 0.087
sy2005 67% 0.082 0.148 -0.111 0.278
sy2006 67% 0.128 0.158 -0.066 0.340
sy2007 67% 0.196 0.057 0.143 0.297
sy2008 56% 0.160 0.051 0.084 0.218
sy2009 50% 0.138 0.065 0.071 0.219
sy2010 33% 0.172 0.063 0.105 0.231

* % of counties significant is reported only for counties that had the baths variable populated 
(17 out of 27 counties)

% of Counties/States 
Having Significant                                  

(p -value <0.10) 
Coefficients

Statistics for Significant Variables
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wind turbines’ eventual locations. In relation to that group of transactions, three of the eight 

interactions in the one-mile models and four of the 11 interactions in the half-mile models 

produce coefficients that are statistically significant (at the 10% level). 

Across all four base models none of the PA coefficients show statistically significant differences 

between the reference category (outside of 3 miles) and the group of transactions within a mile 

for the one-mile models (OLS: -1.7%, p-value 0.48; SEM: -0.02%, p-value 0.94)34 or within a 

half- or between one-half and one-mile for the half-mile models (OLS inside a half mile: 0.01%, 

p-value 0.97; between a half and 1 mile: -2.3%, p-value 0.38; SEM inside a half mile: 5.3%, p-

value 0.24; between a half and 1 mile: -1.8%, p-value 0.60). Further, none of the coefficients are 

significant, and all are relatively small (which partially explains their non-significance). Given 

these results, we find an absence of evidence of a PA effect for homes close to the turbines 

(research question 1).  These results can be contrasted with the differences in prices between 

within-1-mile homes and outside-of-3-miles homes as summarized in Section 4.8 when no 

differences in the homes, the local market, the neighborhood, etc. are accounted for. The 

approximately 75% difference in price (alone) in the pre-announcement period 1-mile homes, as 

compared to the PC 3-mile homes, discussed in Section 4.8, is largely explained by differences 

in the controlling characteristics, which is why the pre-announcement distance coefficients 

shown here are not statistically significant. 

Turning to the PAPC and PC periods, the results also indicate statistically insignificant 

differences in average home values, all else being equal, between the reference group of 

transactions (sold in the PA period) and those similarly located more than 3 miles from the 

turbines but sold in the PAPC or PC periods. Those differences are estimated to be between -

0.8% and -0.5%.  

The results presented above, and in Table 8, include both OLS and spatial models. Prior to 

estimating the spatial models, the Moran’s I was calculated using the residuals of an OLS model 

that uses the same explanatory variables as the spatial models and the same dataset (only the 

most recent transactions). The Moran’s I statistic (0.133) was highly significant (p-value 0.00), 

34 p-values are not shown in the table can but can be derived from the standard errors, which are shown. 
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which allows us to reject the hypothesis that the residuals are spatially independent. Therefore, 

there was justification in estimating the spatial models. However, after estimation, we 

determined that only the spatial error process was significant. As a result, we estimated spatial 

error models (SEMs) for the final specification. The spatial autoregressive coefficient, lambda 

(bottom of Table 9), which is an indication of spatial autocorrelation in the residuals, is sizable 

and statistically significant in both SEMs (0.26, p-value 0.00). The SEM models’ variable-of-

interest coefficients are quite similar to those of the OLS models. In most cases, the coefficients 

are the same sign, approximately the same level, and often similarly insignificant, indicating that 

although spatial dependence is present it does not substantively bias the variables of interest. The 

one material difference is the coefficient size and significance for homes outside of 3 miles in the 

PAPC and PC periods, 3.3% (p-value 0.000) and 3.1% (p-value 0.008), indicating there are 

important changes to home values over the periods that must be accounted for in the later DD 

models in order to isolate the potential impacts that occur due to the presence of wind turbines. 

 

30 

 

Exhibit A1-K

 
007455

ADMINISTRATIVE RECORD - Scan 8 - Page 159 of 299

- Page 2629 -



 

Table 9: Results of Interacted Variables of Interest: fdp and tdis 

 

one-mile one-mile half-mile half-mile
OLS SEM OLS SEM

fdp tdis β (se) β (se) β (se) β (se)
-0.017 0.002               

(0.024) (0.031)               
-0.015 0.008               

(0.011) (0.016)               
Omitted Omitted               

n/a n/a               
-0.035 -0.038               

(0.029) (0.033)               
-0.001 -0.033.               

(0.014) (0.018)               
-0.006 -0.033***               

(0.008) (0.01)               
0.019 -0.022               

(0.026) (0.032)               
0.044*** -0.001               
(0.014) (0.019)               
-0.005 -0.031**               

(0.010) (0.012)               
0.001 0.053

(0.039) (0.045)
-0.023 -0.018

(0.027) (0.035)
-0.015 0.008

(0.011) (0.016)
Omitted Omitted

n/a n/a
-0.028 -0.065

(0.049) (0.056)
-0.038 -0.027

(0.033) (0.036)
-0.001 -0.034.

(0.014) (0.017)
-0.006 -0.033***

(0.008) (0.009)
-0.016 -0.036

(0.041) (0.046)
0.032 -0.016

(0.031) (0.035)
0.044*** -0.001
(0.014) (0.018)
-0.005 -0.031**

(0.010) (0.012)
0.247 *** 0.247 ***
(0.008) (0.008)

Note: p-values: < 0.1 *, < 0.05 **, <0.01 ***.

n 51,276 38,407 51,276 38,407
adj R-sqr 0.67 0.64 0.67 0.64

PAPC

1-2 miles

> 3 miles

< 1 milePA

PA

PA

PAPC

1-2 miles

> 3 miles

< 1 mile

1-2 miles

> 3 miles

< 1/2 mile

1/2 - 1 mile

PA

PA

PAPC

PC

PC

PC

< 1 mile

PA

PC

PC

1-2 miles

PA > 3 miles

< 1/2 mile

1/2 - 1 mile

< 1/2 mile

1/2 - 1 mile

PAPC 1-2 miles

PAPC > 3 miles

PAPC

PAPC

1-2 miles

PC

PC > 3 miles

lambda
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5.1.3. Impact of Wind Turbines 

As discussed above, there are important differences in property values between development 

periods for the reference group of homes (those located outside of 3 miles) that must be 

accounted for. Further, although they are not significant, differences between the reference 

category and those transactions inside of 1 mile in the PA period still must be accounted for if 

accurate measurements of PAPC or PC wind turbine effects are to be estimated. The DD 

specification accounts for both of these critical effects.  

Table 10 shows the results of the DD tests across the four models, based on the results for the 

variables of interest presented in Table 9.35 For example, to determine the net difference for 

homes that sold inside of a half mile (drawing from the half-mile OLS model) in the PAPC 

period, we use the following formula: PAPC half-mile coefficient (-0.028) less the PAPC 3-mile 

coefficient (-0.006) less the PA half-mile coefficient (0.001), which equals -0.024 (without 

rounding), which equates to 2.3% difference,36 and is not statistically significant.  

None of the DD effects in either the OLS or SEM specifications are statistically significant in the 

PAPC or PC periods, indicating that we do not observe a statistically significant impact of wind 

turbines on property values. Some small differences are apparent in the calculated coefficients, 

with those for PAPC being generally more negative/less positive than their PC counterparts, 

perhaps suggestive of a small announcement effect that declines once a facility is constructed. 

Further, the inside-a-half-mile coefficients are more negative/less positive than their between-a-

half-and-1-mile counterparts, perhaps suggestive of a small property value impact very close to 

turbines.37 However, in all cases, the sizes of these differences are smaller than the margins of 

error in the model (i.e., 90% confidence interval) and thus are not statistically significant. 

Therefore, based on these results, we do not find evidence supporting either of our two core 

hypotheses (research questions 2 and 3). In other words, there is no statistical evidence that 

homes in either the PAPC or PC periods that sold near turbines (i.e., within a mile or even a half 

35 All DD estimates for the OLS models were calculated using the post-estimation “lincom” test in Stata, which uses 
the stored results’ variance/covariance matrix to test if a linear combination of coefficients is different from 0. For 
the SEM models, a similar test was performed in R.  
36 All differences in coefficients are converted to percentages in the table as follows: exp(coef)-1. 
37 Although not discussed in the text, this trend continues with homes between 1 and 2 miles being less 
negative/more positive than homes closer to the turbines (e.g., those within 1 mile). 
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mile) did so for less than similar homes that sold between 3 and 10 away miles in the same 

period.  

Further, using the standard errors from the DD models we can estimate the maximum size an 

average effect would have to be in our sample for the model to detect it (research question 4). 

For an average effect in the PC period to be found for homes within 1 mile of the existing 

turbines (therefore using the one-mile model results), an effect greater than 4.9%, either positive 

or negative, would have to be present to be detected by the model.38 In other words, it is highly 

unlikely that the true average effect for homes that sold in our sample area within 1 mile of an 

existing turbine is larger than +/-4.9%. Similarly, it is highly unlikely that the true average effect 

for homes that sold in our sample area within a half mile of an existing turbine is larger than +/-

9.0%.39 Regardless of these maximum effects, however, as well as the very weak suggestion of a 

possible small announcement effect and a possible small effect on homes that are very close to 

turbines, the core results of these models show effect sizes that are not statistically significant 

from zero, and are considerably smaller than these maximums.40  

38 Using the 90% confidence interval (i.e., 10% level of significance) and assuming more than 300 cases, the critical 
t-value is 1.65. Therefore, using the standard error of 0.030, the 90% confidence intervals for the test will be +/-
0.049. 
39 Using the critical t-value of 1.66 for the 100 PC cases within a half mile in our sample and the standard error of 
0.054. 
40 It is of note that these maximum effects are slightly larger than those we expected to find, as discussed earlier.  
This likely indicates that there was more variation in this sample, causing relatively higher standard errors for the 
same number of cases, than in the sample used for the 2009 study (Hoen et al., 2009, 2011). 
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Table 10: "Net" Difference-in-Difference Impacts of Turbines 

 

5.2. Robustness Tests 

Table 11 summarizes the results from the robustness tests. For simplicity, only the DD 

coefficients are shown and only for the half-mile OLS models.41 The first two columns show the 

base OLS and SEM half-mile DD results (also presented earlier, in Table 9), and the remaining 

columns show the results from the robustness models as follows: exclusion of outliers and 

influential cases from the dataset (outlier); using sale year/county interactions instead of sale 

year/state (sycounty); using only the most recent sales instead of the most recent and prior sales 

(recent); using homes between 5 and 10 miles as the reference category, instead of homes 

between 3 and 10 miles (outside5); and using transactions occurring more than 2 years before 

announcement as the reference category instead of using transactions simply before 

announcement (prior).  

41 Results were also estimated for the one-mile OLS models for each of the robustness tests and are available upon 
request: the results do not substantively differ from what is presented here for the half-mile models. Because of the 
similarities in the results between the OLS and SEM “base” models, robustness tests on the SEM models were not 
prepared as we assumed that differences between the two models for the robustness tests would be minimal as well.  

< 1 Mile < 1 Mile < 1/2 Mile < 1/2 Mile
OLS SEM OLS SEM

fdp tdis b/se b/se b/se   b/se   
-1.2% NS -0.7% NS

(0.033) (0.037)

4.2% NS 0.7% NS

(0.030) (0.035)

-2.3% NS -8.1% NS

(0.060) (0.065)

-0.8% NS 2.5% NS

(0.039) (0.043)

-1.2% NS -5.6% NS

(0.054) (0.057)

6.3% NS 3.4% NS

(0.036) (0.042)

Note: p-values: > 10% NS , < 10% *, < 5% **, <1 % ***

1/2 - 1 milePC

< 1/2 mile

< 1 milePAPC

< 1 milePC

PAPC

1/2 - 1 milePAPC

< 1/2 milePC
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The robustness results have patterns similar to the base model results: none of the coefficients 

are statistically different from zero; all coefficients (albeit non-significant) are lower in the 

PAPC period than the PC period; and, all coefficients (albeit non-significant) are lower (i.e., less 

negative/more positive) within a half mile than outside a half mile.42 In sum, regardless of 

dataset or specification, there is no change in the basic conclusions drawn from the base model 

results: there is no evidence that homes near operating or announced wind turbines are impacted 

in a statistically significant fashion. Therefore, if effects do exist, either the average impacts are 

relatively small (within the margin of error in the models) and/or sporadic (impacting only a 

small subset of homes). Moreover, these results seem to corroborate what might be predicted 

given the other, potentially analogous disamenity literature that was reviewed earlier, which 

might be read to suggest that any property value effect of wind turbines might coalesce at a 

maximum of 3%–4%, on average. Of course, we cannot offer that corroboration directly because, 

although the size of the coefficients in the models presented here are reasonably consistent with 

effects of that magnitude, none of our models offer results that are statistically different from 

zero.   

42 This trend also continues outside of 1 mile, with those coefficients being less negative/more positive than those 
within 1 mile. 
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Table 11: Robustness Half-Mile Model Results 

 

  

Base 
OLS

Base 
SEM outlier sycounty recent outside5 prior

fdp tdis β (se) β (se) β (se) β (se) β (se) β (se) β (se)
-2.3% NS -8.1% NS -4.7% NS -4.2% NS -5.6% NS -1.7% NS 0.1% NS

(0.060) (0.065) (0.056) (0.060) (0.066) (0.060) (0.062)

-0.8% NS 2.5% NS -1.7% NS -2.5% NS 2.3% NS -0.2% NS 0.4% NS

(0.039) (0.043) (0.036) (0.039) (0.043) (0.039) (0.044)

-1.2% NS -5.6% NS -0.5% NS -1.8% NS -4.3% NS -0.3% NS 1.3% NS

(0.054) (0.057) (0.047) (0.054) (0.056) (0.054) (0.056)

6.3% NS 3.4% NS 6.2% NS 3.8% NS 4.1% NS 7.1% NS 7.5% NS

(0.036) (0.041) (0.033) (0.036) (0.042) (0.036) (0.041)

Note: p-values: > 0.1 NS , < 0.1 *, <0.5 **, <0.01 ***

n 51,276 38,407 50,106 51,276 38,407 51,276 51,276
adj R-sqr 0.67 0.64 0.66 0.67 0.66 0.67 0.67

Robustness OLS Models

PC 1/2 - 1 mile

PAPC < 1/2 mile

PAPC 1/2 - 1 mile

PC < 1/2 mile
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6. Conclusion 

Wind energy facilities are expected to continue to be developed in the United States. Some of 

this growth is expected to occur in more-populated regions, raising concerns about the effects of 

wind development on home values in surrounding communities. 

Previous published and academic research on this topic has tended to indicate that wind facilities, 

after they have been constructed, produce little or no effect on home values. At the same time, 

some evidence has emerged indicating potential home-value effects occurring after a wind 

facility has been announced but before construction. These previous studies, however, have been 

limited by their relatively small sample sizes, particularly in relation to the important population 

of homes located very close to wind turbines, and have sometimes treated the variable for 

distance to wind turbines in a problematic fashion. Analogous studies of other disamenities—

including high-voltage transmission lines, landfills, and noisy roads—suggest that if reductions 

in property values near turbines were to occur, they would likely be no more than 3%–4%, on 

average, but to discover such small effects near turbines, much larger amounts of data are needed 

than have been used in previous studies. Moreover, previous studies have not accounted 

adequately for potentially confounding home-value factors, such as those affecting home values 

before wind facilities were announced, nor have they adequately controlled for spatial 

dependence in the data, i.e., how the values and characteristics of homes located near one 

another influence the value of those homes (independent of the presence of wind turbines). 

This study helps fill those gaps by collecting a very large data sample and analyzing it with 

methods that account for confounding factors and spatial dependence. We collected data from 

more than 50,000 home sales among 27 counties in nine states. These homes were within 10 

miles of 67 different then-current or existing wind facilities, with 1,198 sales that were within 1 

mile of a turbine (331 of which were within a half mile)—many more than were collected by 

previous research efforts. The data span the periods well before announcement of the wind 

facilities to well after their construction. We use OLS and spatial-process difference-in-

difference hedonic models to estimate the home-value impacts of the wind facilities; these 

models control for value factors existing prior to the wind facilities’ announcements, the spatial 

dependence of home values, and value changes over time. We also employ a series of robustness 
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models, which provide greater confidence in our results by testing the effects of data outliers and 

influential cases, heterogeneous inflation/deflation across regions, older sales data for multi-sale 

homes, the distance from turbines for homes in our reference case, and the amount of time before 

wind-facility announcement for homes in our reference case. 

Across all model specifications, we find no statistical evidence that home prices near wind 

turbines were affected in either the post-construction or post-announcement/pre-

construction periods. Therefore, if effects do exist, either the average impacts are relatively 

small (within the margin of error in the models) and/or sporadic (impacting only a small subset 

of homes).  Related, our sample size and analytical methods enabled us to bracket the size of 

effects that would be detected, if those effects were present at all. Based on our results, we find 

that it is highly unlikely that the actual average effect for homes that sold in our sample area 

within 1 mile of an existing turbine is larger than +/-4.9%. In other words, the average value of 

these homes could be as much as 4.9% higher than it would have been without the presence of 

wind turbines, as much as 4.9% lower, the same (i.e., zero effect), or anywhere in between. 

Similarly, it is highly unlikely that the average actual effect for homes that sold in our sample 

area within a half mile of an existing turbine is larger than +/-9.0%. In other words, the average 

value of these homes could be as much as 9% higher than it would have been without the 

presence of wind turbines, as much as 9% lower, the same (i.e., zero effect), or anywhere in 

between.   

Regardless of these potential maximum effects, the core results of our analysis consistently show 

no sizable statistically significant impact of wind turbines on nearby property values. The 

maximum impact suggested by potentially analogous disamenities (high-voltage transmission 

lines, landfills, roads etc.) of 3%-4% is at the far end of what the models presented in this study 

would have been able to discern, potentially helping to explain why no statistically significant 

effect was found. If effects of this size are to be discovered in future research, even larger 

samples of data may be required. For those interested in estimating such effects on a more micro 

(or local) scale, such as appraisers, these possible data requirements may be especially daunting, 

though it is also true that the inclusion of additional market, neighborhood, and individual 

property characteristics in these more-local assessments may sometimes improve model fidelity.   
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8. Appendix – Full Results 

 

Variables coef se coef se coef se coef se
Intercept 11.332*** (0.058) 11.330*** (0.058) 11.292*** (0.090) 11.292*** (0.090)
fdp3tdis3_11 -0.017 (0.024) 0.002 (0.031)
fdp3tdis3_12 -0.015 (0.011) 0.008 (0.016)
fdp3tdis3_21 -0.035 (0.029) -0.038 (0.033)
fdp3tdis3_22 -0.001 (0.014) -0.033* (0.017)
fdp3tdis3_23 -0.006 (0.008) -0.033*** (0.009)
fdp3tdis3_31 0.019 (0.026) -0.022 (0.031)
fdp3tdis3_32 0.044*** (0.014) -0.001 (0.018)
fdp3tdis3_33 -0.005 (0.010) -0.031*** (0.012)
fdp3tdis4_10 0.001 (0.039) 0.053 (0.045)
fdp3tdis4_11 -0.023 (0.027) -0.018 (0.035)
fdp3tdis4_12 -0.015 (0.011) 0.008 (0.016)
fdp3tdis4_20 -0.028 (0.049) -0.065 (0.056)
fdp3tdis4_21 -0.038 (0.033) -0.027 (0.036)
fdp3tdis4_22 -0.001 (0.014) -0.034* (0.017)
fdp3tdis4_23 -0.006 (0.008) -0.033*** (0.009)
fdp3tdis4_30 -0.016 (0.041) -0.036 (0.046)
fdp3tdis4_31 0.032 (0.031) -0.016 (0.035)
fdp3tdis4_32 0.044*** (0.014) -0.001 (0.018)
fdp3tdis4_33 -0.005 (0.010) -0.031*** (0.012)
lsfla1000_ia_car 0.750*** (0.042) 0.749*** (0.042) 0.723*** (0.045) 0.722*** (0.045)
lsfla1000_ia_flo 0.899*** (0.054) 0.900*** (0.054) 0.879*** (0.060) 0.88*** (0.060)
lsfla1000_ia_fra 0.980*** (0.077) 0.980*** (0.077) 0.932*** (0.083) 0.934*** (0.083)
lsfla1000_ia_sac 0.683*** (0.061) 0.683*** (0.061) 0.633*** (0.065) 0.633*** (0.064)
lsfla1000_il_dek 0.442*** (0.037) 0.441*** (0.037) 0.382*** (0.040) 0.38*** (0.040)
lsfla1000_il_liv 0.641*** (0.030) 0.641*** (0.030) 0.643*** (0.046) 0.643*** (0.046)
lsfla1000_il_mcl 0.512*** (0.019) 0.512*** (0.019) 0.428*** (0.029) 0.428*** (0.029)
lsfla1000_mn_cot 0.800*** (0.052) 0.800*** (0.052) 0.787*** (0.077) 0.787*** (0.077)
lsfla1000_mn_fre 0.594*** (0.028) 0.595*** (0.028) 0.539*** (0.031) 0.539*** (0.031)
lsfla1000_mn_jac 0.587*** (0.101) 0.587*** (0.101) 0.551*** (0.102) 0.55*** (0.102)
lsfla1000_mn_mar 0.643*** (0.025) 0.643*** (0.025) 0.603*** (0.029) 0.603*** (0.029)
lsfla1000_nj_atl 0.421*** (0.012) 0.421*** (0.012) 0.389*** (0.014) 0.389*** (0.014)
lsfla1000_ny_cli 0.635*** (0.044) 0.635*** (0.044) 0.606*** (0.045) 0.606*** (0.045)
lsfla1000_ny_fra 0.373*** (0.092) 0.375*** (0.092) 0.433*** (0.094) 0.436*** (0.094)
lsfla1000_ny_her 0.520*** (0.034) 0.520*** (0.034) 0.559*** (0.035) 0.559*** (0.035)
lsfla1000_ny_lew 0.556*** (0.054) 0.556*** (0.054) 0.518*** (0.057) 0.518*** (0.057)
lsfla1000_ny_mad 0.503*** (0.025) 0.503*** (0.025) 0.502*** (0.025) 0.502*** (0.025)
lsfla1000_ny_ste 0.564*** (0.032) 0.564*** (0.032) 0.534*** (0.034) 0.534*** (0.034)
lsfla1000_ny_wyo 0.589*** (0.034) 0.589*** (0.034) 0.566*** (0.034) 0.566*** (0.034)
lsfla1000_oh_pau 0.625*** (0.080) 0.624*** (0.080) 0.567*** (0.090) 0.565*** (0.090)
lsfla1000_oh_woo 0.529*** (0.030) 0.529*** (0.030) 0.487*** (0.035) 0.487*** (0.035)
lsfla1000_ok_cus 0.838*** (0.037) 0.838*** (0.037) 0.794*** (0.046) 0.793*** (0.046)
lsfla1000_ok_gra 0.750*** (0.063) 0.750*** (0.063) 0.706*** (0.072) 0.706*** (0.072)
lsfla1000_pa_fay 0.332*** (0.111) 0.332*** (0.111) 0.335*** (0.118) 0.334*** (0.118)
lsfla1000_pa_som 0.564*** (0.025) 0.564*** (0.025) 0.548*** (0.031) 0.548*** (0.031)
lsfla1000_pa_way 0.486*** (0.056) 0.486*** (0.056) 0.44*** (0.063) 0.44*** (0.063)
lsfla1000_wa_kit 0.540*** (0.073) 0.540*** (0.073) 0.494*** (0.078) 0.494*** (0.078)

OneMile OLS HalfMile OLS OneMile SEM HalfMile SEM
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Variables coef se coef se coef se coef se
acres_ia_car 0.033 (0.030) 0.033 (0.030) 0.013 (0.032) 0.013 (0.032)
acres_ia_flo 0.050*** (0.014) 0.050*** (0.014) 0.044*** (0.014) 0.044*** (0.014)
acres_ia_fra -0.008 (0.022) -0.008 (0.022) -0.009 (0.022) -0.009 (0.022)
acres_ia_sac 0.064*** (0.014) 0.064*** (0.014) 0.054*** (0.015) 0.054*** (0.015)
acres_il_dek 0.068** (0.027) 0.064** (0.027) 0.055* (0.029) 0.048* (0.029)
acres_il_liv 0.023 (0.014) 0.023 (0.014) 0.014 (0.018) 0.014 (0.018)
acres_il_mcl 0.091*** (0.010) 0.091*** (0.010) 0.092*** (0.011) 0.092*** (0.011)
acres_mn_cot -0.030*** (0.011) -0.030*** (0.011) -0.024* (0.013) -0.024* (0.013)
acres_mn_fre -0.002 (0.007) -0.002 (0.007) 0.002 (0.008) 0.002 (0.008)
acres_mn_jac 0.019 (0.016) 0.020 (0.016) 0.03* (0.016) 0.03* (0.016)
acres_mn_mar 0.020** (0.008) 0.020** (0.008) 0.017* (0.009) 0.017* (0.009)
acres_nj_atl -0.041 (0.031) -0.041 (0.031) -0.013 (0.026) -0.013 (0.026)
acres_ny_cli 0.019*** (0.007) 0.019*** (0.007) 0.022*** (0.007) 0.022*** (0.007)
acres_ny_fra 0.009 (0.010) 0.009 (0.010) 0.014 (0.011) 0.014 (0.011)
acres_ny_her -0.004 (0.008) -0.004 (0.008) 0.012 (0.008) 0.012 (0.008)
acres_ny_lew 0.014* (0.008) 0.014* (0.008) 0.014 (0.009) 0.014 (0.009)
acres_ny_mad 0.021*** (0.003) 0.021*** (0.003) 0.021*** (0.004) 0.021*** (0.004)
acres_ny_ste 0.009* (0.005) 0.009* (0.005) 0.007 (0.005) 0.007 (0.005)
acres_ny_wyo 0.016*** (0.004) 0.016*** (0.004) 0.019*** (0.004) 0.019*** (0.004)
acres_oh_pau -0.010 (0.020) -0.010 (0.020) 0.01 (0.024) 0.009 (0.024)
acres_oh_woo -0.007 (0.010) -0.007 (0.010) 0.002 (0.010) 0.002 (0.010)
acres_ok_cus -0.037* (0.019) -0.037* (0.019) -0.034 (0.022) -0.034 (0.022)
acres_ok_gra 0.014 (0.010) 0.014 (0.010) 0.019* (0.011) 0.019* (0.011)
acres_pa_fay -0.006 (0.023) -0.006 (0.023) 0.01 (0.023) 0.01 (0.023)
acres_pa_som 0.003 (0.009) 0.004 (0.009) 0.009 (0.010) 0.009 (0.010)
acres_pa_way 0.017** (0.007) 0.017** (0.007) 0.024*** (0.007) 0.024*** (0.007)
acres_wa_kit 0.009 (0.010) 0.009 (0.010) 0.014 (0.011) 0.014 (0.011)
acreslt1_ia_car 0.446*** (0.136) 0.448*** (0.136) 0.559*** (0.144) 0.56*** (0.143)
acreslt1_ia_flo 0.436*** (0.112) 0.435*** (0.112) 0.384*** (0.118) 0.383*** (0.118)
acreslt1_ia_fra 0.670*** (0.124) 0.668*** (0.124) 0.684*** (0.139) 0.68*** (0.139)
acreslt1_ia_sac 0.159 (0.115) 0.160 (0.115) 0.222* (0.123) 0.221* (0.123)
acreslt1_il_dek 0.278*** (0.066) 0.285*** (0.066) 0.282*** (0.073) 0.294*** (0.073)
acreslt1_il_liv 0.278*** (0.063) 0.276*** (0.063) 0.383*** (0.088) 0.38*** (0.088)
acreslt1_il_mcl -0.069*** (0.021) -0.070*** (0.021) -0.007 (0.032) -0.007 (0.032)
acreslt1_mn_cot 0.529*** (0.093) 0.529*** (0.093) 0.466*** (0.120) 0.465*** (0.120)
acreslt1_mn_fre 0.314*** (0.053) 0.314*** (0.053) 0.294*** (0.061) 0.293*** (0.061)
acreslt1_mn_jac 0.250* (0.144) 0.247* (0.145) 0.169 (0.146) 0.162 (0.146)
acreslt1_mn_mar 0.452*** (0.062) 0.452*** (0.062) 0.461*** (0.069) 0.462*** (0.069)
acreslt1_nj_atl 0.135*** (0.048) 0.135*** (0.048) 0.044 (0.047) 0.043 (0.047)
acreslt1_ny_cli 0.115*** (0.044) 0.115*** (0.044) 0.108** (0.047) 0.108** (0.047)
acreslt1_ny_fra 0.118 (0.100) 0.118 (0.100) 0.113 (0.115) 0.113 (0.115)
acreslt1_ny_her 0.364*** (0.047) 0.364*** (0.047) 0.331*** (0.050) 0.332*** (0.050)
acreslt1_ny_lew 0.119* (0.061) 0.120** (0.061) 0.117* (0.067) 0.117* (0.067)

OneMile OLS HalfMile OLS OneMile SEM HalfMile SEM
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Variables coef se coef se coef se coef se
acreslt1_ny_mad 0.017 (0.031) 0.018 (0.031) 0.043 (0.032) 0.043 (0.032)
acreslt1_ny_ste 0.100** (0.042) 0.100** (0.042) 0.18*** (0.047) 0.18*** (0.047)
acreslt1_ny_wyo 0.144*** (0.035) 0.144*** (0.035) 0.137*** (0.039) 0.137*** (0.039)
acreslt1_oh_pau 0.426*** (0.087) 0.425*** (0.087) 0.507*** (0.120) 0.507*** (0.120)
acreslt1_oh_woo 0.124*** (0.034) 0.124*** (0.034) 0.114*** (0.041) 0.114*** (0.041)
acreslt1_ok_cus 0.103 (0.070) 0.104 (0.070) 0.091 (0.092) 0.093 (0.092)
acreslt1_ok_gra -0.038 (0.054) -0.038 (0.054) -0.065 (0.066) -0.065 (0.066)
acreslt1_pa_fay 0.403*** (0.153) 0.403*** (0.153) 0.42** (0.165) 0.42** (0.164)
acreslt1_pa_som 0.243*** (0.039) 0.243*** (0.039) 0.223*** (0.047) 0.223*** (0.047)
acreslt1_pa_way 0.138** (0.062) 0.138** (0.062) 0.108 (0.077) 0.109 (0.077)
acreslt1_wa_kit 0.335** (0.134) 0.335** (0.134) 0.342** (0.164) 0.342** (0.164)
age_ia_car -0.013*** (0.001) -0.013*** (0.001) -0.011*** (0.001) -0.011*** (0.001)
age_ia_flo -0.013*** (0.002) -0.013*** (0.002) -0.013*** (0.002) -0.013*** (0.002)
age_ia_fra -0.012*** (0.003) -0.012*** (0.003) -0.011*** (0.003) -0.011*** (0.003)
age_ia_sac -0.013*** (0.003) -0.013*** (0.003) -0.011*** (0.003) -0.011*** (0.003)
age_il_dek -0.004*** (0.001) -0.004*** (0.001) -0.004*** (0.001) -0.004*** (0.001)
age_il_liv -0.001 (0.001) -0.002 (0.001) -0.003 (0.002) -0.003 (0.002)
age_il_mcl -0.004*** (0.001) -0.004*** (0.001) -0.006*** (0.001) -0.006*** (0.001)
age_mn_cot -0.021*** (0.003) -0.021*** (0.003) -0.013*** (0.005) -0.013*** (0.005)
age_mn_fre -0.013*** (0.001) -0.013*** (0.001) -0.012*** (0.002) -0.012*** (0.002)
age_mn_jac -0.018*** (0.005) -0.018*** (0.005) -0.018*** (0.005) -0.018*** (0.005)
age_mn_mar -0.010*** (0.001) -0.010*** (0.001) -0.009*** (0.002) -0.009*** (0.002)
age_nj_atl -0.004*** (0.000) -0.004*** (0.000) -0.003*** (0.001) -0.003*** (0.001)
age_ny_cli -0.005*** (0.001) -0.005*** (0.001) -0.005*** (0.001) -0.005*** (0.001)
age_ny_fra -0.004 (0.003) -0.005 (0.003) -0.005* (0.003) -0.005* (0.003)
age_ny_her -0.008*** (0.001) -0.008*** (0.001) -0.008*** (0.001) -0.008*** (0.001)
age_ny_lew -0.008*** (0.001) -0.008*** (0.001) -0.009*** (0.001) -0.009*** (0.001)
age_ny_mad -0.006*** (0.001) -0.006*** (0.001) -0.006*** (0.001) -0.006*** (0.001)
age_ny_ste -0.006*** (0.001) -0.006*** (0.001) -0.007*** (0.001) -0.007*** (0.001)
age_ny_wyo -0.006*** (0.001) -0.006*** (0.001) -0.006*** (0.001) -0.006*** (0.001)
age_oh_pau 0.003 (0.003) 0.003 (0.003) 0.003 (0.004) 0.003 (0.004)
age_oh_woo 0.008*** (0.001) 0.008*** (0.001) 0.01*** (0.001) 0.01*** (0.001)
age_ok_cus -0.000 (0.002) -0.000 (0.002) 0.002 (0.003) 0.002 (0.003)
age_ok_gra -0.000 (0.002) -0.000 (0.002) 0.001 (0.002) 0.001 (0.002)
age_pa_fay 0.010** (0.004) 0.010** (0.004) 0.01** (0.005) 0.01** (0.005)
age_pa_som -0.006*** (0.001) -0.006*** (0.001) -0.008*** (0.001) -0.008*** (0.001)
age_pa_way 0.006*** (0.002) 0.006*** (0.002) 0.007*** (0.002) 0.007*** (0.002)
age_wa_kit 0.010*** (0.003) 0.010*** (0.003) 0.014*** (0.003) 0.014*** (0.003)
agesq_ia_car 0.034*** (0.011) 0.034*** (0.000) 0.022* (0.012) 0.022* (0.012)
agesq_ia_flo 0.040*** (0.016) 0.040** (0.016) 0.044*** (0.016) 0.044*** (0.016)
agesq_ia_fra 0.025 (0.022) 0.025 (0.022) 0.02 (0.023) 0.021 (0.023)
agesq_ia_sac 0.032 (0.022) 0.032 (0.022) 0.025 (0.023) 0.025 (0.023)
agesq_il_dek 0.008 (0.010) 0.008 (0.010) 0.013 (0.012) 0.013 (0.011)
agesq_il_liv -0.023** (0.009) -0.023** (0.009) -0.011 (0.014) -0.011 (0.014)
agesq_il_mcl 0.005 (0.007) 0.005 (0.007) 0.021* (0.011) 0.021* (0.011)
agesq_mn_cot 0.109** (0.043) 0.109** (0.043) 0.032 (0.069) 0.033 (0.069)
agesq_mn_fre 0.046*** (0.010) 0.045*** (0.010) 0.044*** (0.012) 0.044*** (0.012)
agesq_mn_jac 0.103*** (0.035) 0.104*** (0.035) 0.1*** (0.034) 0.101*** (0.034)
agesq_mn_mar 0.012 (0.012) 0.012 (0.012) 0.006 (0.014) 0.006 (0.014)
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agesq_nj_atl 0.010*** (0.003) 0.010*** (0.003) 0.003 (0.005) 0.003 (0.005)
agesq_ny_cli 0.011* (0.006) 0.011* (0.006) 0.011* (0.006) 0.011* (0.006)
agesq_ny_fra -0.011 (0.022) -0.011 (0.022) -0.002 (0.020) -0.002 (0.020)
agesq_ny_her 0.022*** (0.005) 0.022*** (0.005) 0.022*** (0.006) 0.022*** (0.006)
agesq_ny_lew 0.031*** (0.006) 0.031*** (0.006) 0.032*** (0.007) 0.032*** (0.007)
agesq_ny_mad 0.017*** (0.003) 0.017*** (0.003) 0.023*** (0.003) 0.023*** (0.003)
agesq_ny_ste 0.013** (0.005) 0.013** (0.005) 0.018*** (0.005) 0.018*** (0.005)
agesq_ny_wyo 0.016*** (0.005) 0.016*** (0.005) 0.017*** (0.005) 0.017*** (0.005)
agesq_oh_pau -0.044** (0.022) -0.045** (0.022) -0.043 (0.028) -0.043 (0.028)
agesq_oh_woo -0.074*** (0.007) -0.074*** (0.007) -0.091*** (0.009) -0.091*** (0.009)
agesq_ok_cus -0.091*** (0.019) -0.091*** (0.019) -0.113*** (0.026) -0.113*** (0.026)
agesq_ok_gra -0.081*** (0.023) -0.081*** (0.023) -0.097*** (0.029) -0.097*** (0.029)
agesq_pa_fay -0.112*** (0.032) -0.112*** (0.032) -0.105*** (0.034) -0.106*** (0.034)
agesq_pa_som 0.000 (0.008) 0.002 (0.008) 0.016* (0.009) 0.016* (0.009)
agesq_pa_way -0.000*** (0.012) -0.052*** (0.012) -0.053*** (0.014) -0.053*** (0.014)
agesq_wa_kit -0.000*** (0.027) -0.097*** (0.027) -0.132*** (0.031) -0.132*** (0.031)
bathsim_ia_sac -0.050 (0.073) -0.050 (0.073) -0.082 (0.077) -0.081 (0.077)
bathsim_il_dek -0.005 (0.015) -0.005 (0.015) 0.001 (0.018) 0.001 (0.018)
bathsim_ny_cli 0.090*** (0.025) 0.090*** (0.025) 0.087*** (0.024) 0.087*** (0.024)
bathsim_ny_fra 0.246*** (0.062) 0.245*** (0.062) 0.213*** (0.064) 0.212*** (0.064)
bathsim_ny_her 0.099*** (0.022) 0.099*** (0.022) 0.079*** (0.022) 0.079*** (0.022)
bathsim_ny_lew 0.168*** (0.030) 0.167*** (0.030) 0.142*** (0.031) 0.142*** (0.031)
bathsim_ny_mad 0.180*** (0.014) 0.180*** (0.014) 0.157*** (0.013) 0.157*** (0.013)
bathsim_ny_ste 0.189*** (0.019) 0.189*** (0.019) 0.166*** (0.020) 0.166*** (0.020)
bathsim_ny_wyo 0.107*** (0.021) 0.107*** (0.021) 0.1*** (0.021) 0.1*** (0.021)
bathsim_oh_pau 0.095* (0.051) 0.095* (0.051) 0.149*** (0.057) 0.149*** (0.057)
bathsim_oh_woo 0.094*** (0.017) 0.094*** (0.017) 0.092*** (0.019) 0.092*** (0.019)
bathsim_pa_fay 0.367*** (0.077) 0.367*** (0.077) 0.301*** (0.082) 0.302*** (0.082)
bathsim_pa_way 0.082** (0.036) 0.082** (0.036) 0.081** (0.041) 0.081** (0.041)
pctvacant_ia_car -2.515* (1.467) -2.521* (1.468) -2.011 (1.936) -2.019 (1.937)
pctvacant_ia_flo 0.903 (1.152) 0.921 (1.152) 1.358 (1.409) 1.339 (1.410)
pctvacant_ia_fra 8.887** (3.521) 8.928** (3.518) -2.596 (1.703) -2.6 (1.703)
pctvacant_ia_sac 0.672 (0.527) 0.673 (0.527) 1.267*** (0.377) 1.266*** (0.377)
pctvacant_il_dek 0.052 (0.639) 0.062 (0.638) 0.037 (0.964) 0.069 (0.961)
pctvacant_il_liv -0.475 (0.474) -0.476 (0.474) -0.699 (0.872) -0.701 (0.872)
pctvacant_il_mcl -0.365 (0.397) -0.366 (0.397) 0.445 (0.670) 0.442 (0.670)
pctvacant_mn_cot 1.072* (0.592) 1.072* (0.592) 0.272 (1.039) 0.273 (1.039)
pctvacant_mn_fre -1.782** (0.703) -1.787** (0.703) -1.372 (0.965) -1.384 (0.965)
pctvacant_mn_jac -1.345 (0.883) -1.318 (0.884) -1.285 (1.084) -1.313 (1.084)
pctvacant_mn_mar 2.178*** (0.502) 2.175*** (0.502) 1.53** (0.622) 1.528** (0.622)
pctvacant_nj_atl -0.054 (0.062) -0.054 (0.062) 0.096 (0.085) 0.095 (0.085)
pctvacant_ny_cli 0.709*** (0.224) 0.709*** (0.224) 0.842*** (0.251) 0.841*** (0.251)
pctvacant_ny_fra 6.173*** (2.110) 6.104*** (2.113) 0.519 (0.710) 0.499 (0.709)
pctvacant_ny_her -1.226*** (0.247) -1.226*** (0.247) -1.347*** (0.288) -1.347*** (0.288)
pctvacant_ny_lew -0.125 (0.127) -0.125 (0.127) -0.266* (0.159) -0.266* (0.159)
pctvacant_ny_mad 0.750*** (0.196) 0.752*** (0.196) 0.767*** (0.246) 0.765*** (0.246)
pctvacant_ny_ste 0.280 (0.190) 0.281 (0.190) 0.039 (0.242) 0.04 (0.242)
pctvacant_ny_wyo 0.179* (0.101) 0.178* (0.101) 0.225* (0.119) 0.224* (0.119)
pctvacant_oh_pau -1.473 (1.498) -1.473 (1.499) -1.341 (1.951) -1.256 (1.952)
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pctvacant_oh_woo -0.565 (0.400) -0.565 (0.400) -0.304 (0.563) -0.306 (0.563)
pctvacant_ok_cus -0.127 (0.358) -0.140 (0.359) -0.167 (0.521) -0.189 (0.521)
pctvacant_ok_gra 1.413* (0.777) 1.414* (0.777) 0.537 (1.045) 0.536 (1.045)
pctvacant_pa_fay 0.227 (0.596) 0.229 (0.596) 0.232 (0.807) 0.235 (0.807)
pctvacant_pa_som 0.517*** (0.098) 0.516*** (0.098) 0.562*** (0.138) 0.562*** (0.138)
pctvacant_pa_way 0.445*** (0.156) 0.444*** (0.156) 0.446** (0.175) 0.446** (0.175)
pctvacant_wa_kit -0.076 (0.546) -0.075 (0.546) -0.377 (0.282) -0.377 (0.281)
pctowner_ia_car -0.225 (0.244) -0.225 (0.244) -0.156 (0.324) -0.156 (0.324)
pctowner_ia_flo 0.579** (0.238) 0.578** (0.238) 0.75*** (0.290) 0.75*** (0.290)
pctowner_ia_fra 0.207 (0.310) 0.206 (0.310) 0.172 (0.393) 0.169 (0.393)
pctowner_ia_sac 0.274 (0.585) 0.261 (0.586) -0.34 (0.545) -0.345 (0.545)
pctowner_il_dek 0.075 (0.088) 0.073 (0.087) 0.032 (0.123) 0.028 (0.123)
pctowner_il_liv 0.176 (0.140) 0.176 (0.140) 0.265 (0.200) 0.264 (0.200)
pctowner_il_mcl 0.389*** (0.051) 0.388*** (0.051) 0.331*** (0.101) 0.331*** (0.101)
pctowner_mn_cot 0.375*** (0.138) 0.375*** (0.138) 0.609** (0.254) 0.609** (0.254)
pctowner_mn_fre -0.119 (0.090) -0.120 (0.090) -0.072 (0.124) -0.073 (0.124)
pctowner_mn_jac -0.206 (0.474) -0.205 (0.474) -0.175 (0.569) -0.185 (0.570)
pctowner_mn_mar 0.262*** (0.076) 0.262*** (0.076) 0.151 (0.103) 0.151 (0.103)
pctowner_nj_atl -0.087** (0.037) -0.087** (0.037) -0.036 (0.052) -0.037 (0.052)
pctowner_ny_cli -0.229 (0.171) -0.229 (0.171) -0.305 (0.199) -0.303 (0.199)
pctowner_ny_fra 2.743* (1.500) 2.693* (1.505) -0.315 (1.447) -0.398 (1.442)
pctowner_ny_her 0.246*** (0.095) 0.246*** (0.095) 0.213* (0.109) 0.213* (0.109)
pctowner_ny_lew -0.034 (0.185) -0.034 (0.185) -0.126 (0.219) -0.126 (0.219)
pctowner_ny_mad 0.750*** (0.075) 0.750*** (0.075) 0.723*** (0.084) 0.723*** (0.084)
pctowner_ny_ste 0.192 (0.128) 0.191 (0.128) -0.083 (0.162) -0.084 (0.162)
pctowner_ny_wyo -0.089 (0.111) -0.089 (0.111) -0.109 (0.138) -0.108 (0.138)
pctowner_oh_pau -0.187 (0.347) -0.185 (0.348) -1.245*** (0.473) -1.249*** (0.474)
pctowner_oh_woo 0.263*** (0.092) 0.264*** (0.092) 0.274** (0.136) 0.274** (0.136)
pctowner_ok_cus 0.068 (0.104) 0.068 (0.104) -0.041 (0.146) -0.043 (0.146)
pctowner_ok_gra 0.271* (0.159) 0.271* (0.159) 0.253 (0.217) 0.253 (0.217)
pctowner_pa_fay -0.413 (1.736) -0.420 (1.736) -0.15 (2.037) -0.165 (2.037)
pctowner_pa_som 0.171 (0.114) 0.170 (0.114) 0.098 (0.173) 0.098 (0.173)
pctowner_pa_way -0.351 (0.441) -0.348 (0.441) -0.251 (0.345) -0.252 (0.345)
pctowner_wa_kit 0.257 (2.139) 0.259 (2.139) -0.358 (1.889) -0.361 (1.890)
med_age_ia_car 0.002 (0.002) 0.002 (0.002) 0.003 (0.003) 0.003 (0.003)
med_age_ia_flo 0.003 (0.002) 0.003 (0.002) 0.004 (0.003) 0.004 (0.003)
med_age_ia_fra 0.066*** (0.015) 0.066*** (0.015) 0.014** (0.006) 0.014** (0.006)
med_age_ia_sac 0.028** (0.014) 0.028** (0.014) 0.012 (0.010) 0.012 (0.010)
med_age_il_dek -0.001 (0.002) -0.001 (0.002) -0.001 (0.003) -0.001 (0.003)
med_age_il_liv -0.004 (0.004) -0.004 (0.004) -0.005 (0.005) -0.005 (0.005)
med_age_il_mcl -0.006*** (0.002) -0.006*** (0.002) -0.006** (0.003) -0.006** (0.003)
med_age_mn_cot 0.017*** (0.005) 0.017*** (0.005) 0.018** (0.008) 0.018** (0.008)
med_age_mn_fre 0.012*** (0.002) 0.012*** (0.002) 0.013*** (0.002) 0.013*** (0.002)
med_age_mn_jac 0.013 (0.008) 0.013 (0.008) 0.012 (0.010) 0.012 (0.010)
med_age_mn_mar 0.013*** (0.003) 0.013*** (0.003) 0.012*** (0.003) 0.012*** (0.003)
med_age_nj_atl 0.010*** (0.001) 0.010*** (0.001) 0.016*** (0.002) 0.016*** (0.002)
med_age_ny_cli 0.020*** (0.004) 0.020*** (0.004) 0.02*** (0.004) 0.02*** (0.004)
med_age_ny_fra -0.517*** (0.198) -0.511*** (0.198) 0.008 (0.040) 0.01 (0.039)
med_age_ny_her 0.007* (0.003) 0.007* (0.003) 0.005 (0.003) 0.005 (0.003)
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med_age_ny_lew 0.013*** (0.005) 0.013*** (0.005) 0.008 (0.005) 0.008 (0.005)
med_age_ny_mad 0.004** (0.002) 0.004** (0.002) 0.004* (0.002) 0.004* (0.002)
med_age_ny_ste 0.012*** (0.003) 0.012*** (0.003) 0.001 (0.004) 0.001 (0.004)
med_age_ny_wyo 0.008 (0.005) 0.007 (0.005) 0.008 (0.006) 0.008 (0.006)
med_age_oh_pau 0.034*** (0.013) 0.034*** (0.013) 0.019 (0.012) 0.019 (0.012)
med_age_oh_woo -0.004 (0.003) -0.004 (0.003) -0.004 (0.004) -0.004 (0.004)
med_age_ok_cus 0.004 (0.002) 0.004 (0.002) 0.008** (0.004) 0.008** (0.004)
med_age_ok_gra 0.011 (0.009) 0.011 (0.009) 0 (0.006) 0 (0.006)
med_age_pa_fay 0.049 (0.073) 0.049 (0.073) 0.052 (0.095) 0.052 (0.095)
med_age_pa_som 0.008*** (0.002) 0.008*** (0.002) 0.012*** (0.004) 0.012*** (0.004)
med_age_pa_way -0.005 (0.012) -0.005 (0.012) 0.002 (0.007) 0.002 (0.007)
med_age_wa_kit -0.015 (0.095) -0.015 (0.095) 0.025 (0.034) 0.025 (0.034)
swinter_ia -0.034** (0.015) -0.034** (0.015) -0.039*** (0.015) -0.039*** (0.015)
swinter_il -0.020** (0.008) -0.020** (0.008) -0.013 (0.012) -0.013 (0.012)
swinter_mn -0.053*** (0.009) -0.053*** (0.009) -0.057*** (0.011) -0.057*** (0.011)
swinter_nj -0.007 (0.006) -0.007 (0.006) -0.008 (0.007) -0.008 (0.007)
swinter_ny -0.030*** (0.007) -0.030*** (0.007) -0.026*** (0.007) -0.026*** (0.007)
swinter_oh -0.048*** (0.012) -0.048*** (0.012) -0.055*** (0.014) -0.055*** (0.014)
swinter_ok -0.039** (0.015) -0.039** (0.015) -0.024 (0.018) -0.024 (0.018)
swinter_pa -0.025* (0.015) -0.025* (0.015) -0.02 (0.017) -0.02 (0.017)
swinter_wa -0.004 (0.046) -0.004 (0.046) 0.014 (0.051) 0.013 (0.051)
sy_1996_ia -0.436*** (0.137) -0.433*** (0.137) -0.493*** (0.157) -0.489*** (0.157)
sy_1996_il -0.267*** (0.037) -0.267*** (0.037) -0.344*** (0.061) -0.344*** (0.061)
sy_1996_mn -0.521*** (0.058) -0.521*** (0.059) -0.585*** (0.065) -0.585*** (0.065)
sy_1996_nj -0.820*** (0.022) -0.820*** (0.022) -0.717*** (0.038) -0.717*** (0.038)
sy_1996_oh -0.298*** (0.042) -0.298*** (0.042) -0.43*** (0.053) -0.43*** (0.053)
sy_1996_ok -0.444*** (0.073) -0.444*** (0.073) -0.846*** (0.079) -0.846*** (0.079)
sy_1996_pa -0.584*** (0.060) -0.584*** (0.060) -0.604*** (0.067) -0.604*** (0.067)
sy_1997_il -0.242*** (0.036) -0.242*** (0.036) -0.234*** (0.052) -0.232*** (0.052)
sy_1997_mn -0.445*** (0.055) -0.445*** (0.055) -0.535*** (0.060) -0.535*** (0.060)
sy_1997_nj -0.791*** (0.021) -0.791*** (0.021) -0.686*** (0.038) -0.686*** (0.038)
sy_1997_oh -0.302*** (0.043) -0.302*** (0.043) -0.39*** (0.053) -0.39*** (0.053)
sy_1997_pa -0.458*** (0.057) -0.458*** (0.057) -0.51*** (0.066) -0.51*** (0.066)
sy_1998_ia -0.442*** (0.078) -0.441*** (0.078) -0.633*** (0.099) -0.634*** (0.099)
sy_1998_il -0.156*** (0.031) -0.156*** (0.031) -0.175*** (0.048) -0.175*** (0.048)
sy_1998_mn -0.391*** (0.054) -0.391*** (0.054) -0.484*** (0.059) -0.484*** (0.059)
sy_1998_nj -0.723*** (0.020) -0.723*** (0.021) -0.633*** (0.037) -0.633*** (0.037)
sy_1998_oh -0.217*** (0.040) -0.217*** (0.040) -0.302*** (0.047) -0.302*** (0.047)
sy_1998_ok -0.394*** (0.048) -0.395*** (0.048) -0.816*** (0.059) -0.818*** (0.059)
sy_1998_pa -0.481*** (0.059) -0.480*** (0.059) -0.554*** (0.068) -0.552*** (0.067)
sy_1998_wa -0.433*** (0.115) -0.433*** (0.115) -0.356** (0.161) -0.356** (0.161)
sy_1999_ia -0.347*** (0.085) -0.345*** (0.086) -0.568*** (0.117) -0.565*** (0.117)
sy_1999_il -0.155*** (0.031) -0.156*** (0.031) -0.215*** (0.046) -0.214*** (0.046)
sy_1999_mn -0.302*** (0.055) -0.303*** (0.055) -0.367*** (0.059) -0.368*** (0.059)
sy_1999_nj -0.679*** (0.020) -0.679*** (0.020) -0.583*** (0.036) -0.583*** (0.036)
sy_1999_oh -0.161*** (0.040) -0.161*** (0.040) -0.243*** (0.047) -0.243*** (0.047)
sy_1999_ok -0.347*** (0.044) -0.348*** (0.044) -0.743*** (0.050) -0.743*** (0.050)
sy_1999_pa -0.452*** (0.058) -0.452*** (0.058) -0.515*** (0.066) -0.515*** (0.066)
sy_1999_wa -0.432*** (0.114) -0.432*** (0.114) -0.454*** (0.166) -0.453*** (0.165)
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sy_2000_ia -0.165 (0.145) -0.164 (0.146) -0.246 (0.183) -0.246 (0.183)
sy_2000_il -0.088*** (0.031) -0.088*** (0.031) -0.172*** (0.045) -0.171*** (0.045)
sy_2000_mn -0.148*** (0.051) -0.149*** (0.051) -0.224*** (0.053) -0.224*** (0.053)
sy_2000_nj -0.565*** (0.020) -0.565*** (0.020) -0.461*** (0.036) -0.462*** (0.036)
sy_2000_oh -0.098** (0.041) -0.098** (0.041) -0.161*** (0.047) -0.16*** (0.047)
sy_2000_ok -0.330*** (0.050) -0.331*** (0.050) -0.748*** (0.059) -0.749*** (0.059)
sy_2000_pa -0.394*** (0.057) -0.395*** (0.057) -0.478*** (0.067) -0.478*** (0.067)
sy_2000_wa -0.463*** (0.115) -0.463*** (0.115) -0.403** (0.160) -0.402** (0.160)
sy_2001_ia -0.334*** (0.065) -0.332*** (0.065) -0.435*** (0.066) -0.433*** (0.066)
sy_2001_il -0.080** (0.031) -0.080*** (0.031) -0.101** (0.048) -0.101** (0.048)
sy_2001_mn -0.119** (0.050) -0.119** (0.050) -0.204*** (0.051) -0.204*** (0.052)
sy_2001_nj -0.438*** (0.018) -0.438*** (0.018) -0.333*** (0.034) -0.333*** (0.034)
sy_2001_oh -0.033 (0.036) -0.033 (0.036) -0.078** (0.040) -0.078** (0.040)
sy_2001_ok -0.250*** (0.041) -0.251*** (0.041) -0.648*** (0.044) -0.648*** (0.044)
sy_2001_pa -0.402*** (0.055) -0.402*** (0.055) -0.446*** (0.063) -0.447*** (0.063)
sy_2001_wa -0.378*** (0.122) -0.378*** (0.122) -0.275* (0.163) -0.275* (0.163)
sy_2002_ia -0.130** (0.059) -0.128** (0.059) -0.264*** (0.064) -0.261*** (0.064)
sy_2002_il 0.008 (0.030) 0.007 (0.030) -0.013 (0.043) -0.013 (0.043)
sy_2002_mn -0.072 (0.050) -0.072 (0.050) -0.138*** (0.051) -0.139*** (0.051)
sy_2002_nj -0.330*** (0.019) -0.330*** (0.019) -0.195*** (0.035) -0.195*** (0.035)
sy_2002_ny -0.307*** (0.020) -0.307*** (0.020) -0.342*** (0.020) -0.342*** (0.020)
sy_2002_oh -0.022 (0.038) -0.022 (0.038) -0.053 (0.042) -0.053 (0.042)
sy_2002_ok -0.249*** (0.045) -0.249*** (0.045) -0.649*** (0.052) -0.649*** (0.052)
sy_2002_pa -0.313*** (0.053) -0.313*** (0.053) -0.355*** (0.059) -0.354*** (0.059)
sy_2002_wa -0.241** (0.123) -0.241** (0.123) -0.216 (0.166) -0.216 (0.166)
sy_2003_ia -0.195** (0.081) -0.194** (0.081) -0.311*** (0.085) -0.314*** (0.084)
sy_2003_il 0.034 (0.030) 0.034 (0.030) 0.021 (0.040) 0.021 (0.040)
sy_2003_mn 0.034 (0.049) 0.034 (0.049) -0.026 (0.049) -0.026 (0.049)
sy_2003_nj -0.119*** (0.017) -0.119*** (0.017) 0.023 (0.033) 0.023 (0.033)
sy_2003_ny -0.247*** (0.020) -0.247*** (0.020) -0.276*** (0.020) -0.276*** (0.020)
sy_2003_oh 0.005 (0.036) 0.005 (0.036) -0.019 (0.039) -0.019 (0.039)
sy_2003_ok -0.229*** (0.046) -0.229*** (0.046) -0.632*** (0.053) -0.632*** (0.053)
sy_2003_pa -0.191*** (0.052) -0.191*** (0.052) -0.213*** (0.054) -0.213*** (0.054)
sy_2003_wa -0.326*** (0.114) -0.326*** (0.114) -0.335** (0.159) -0.337** (0.159)
sy_2004_ia -0.209*** (0.076) -0.208*** (0.076) -0.307*** (0.087) -0.308*** (0.087)
sy_2004_il 0.087*** (0.029) 0.087*** (0.029) 0.105*** (0.034) 0.105*** (0.034)
sy_2004_mn 0.082* (0.049) 0.081* (0.049) 0.036 (0.049) 0.036 (0.049)
sy_2004_ny -0.179*** (0.019) -0.179*** (0.019) -0.2*** (0.020) -0.2*** (0.020)
sy_2004_oh 0.059 (0.037) 0.059 (0.037) 0.067* (0.039) 0.067* (0.039)
sy_2004_ok -0.143*** (0.041) -0.143*** (0.041) -0.511*** (0.044) -0.511*** (0.044)
sy_2004_pa -0.146*** (0.052) -0.146*** (0.052) -0.145*** (0.053) -0.145*** (0.053)
sy_2004_wa -0.144 (0.113) -0.144 (0.113) -0.082 (0.152) -0.081 (0.152)
sy_2005_ia -0.074** (0.037) -0.075** (0.037) -0.151*** (0.040) -0.151*** (0.040)
sy_2005_il 0.125*** (0.027) 0.125*** (0.027) 0.139*** (0.032) 0.138*** (0.032)
sy_2005_mn 0.163*** (0.048) 0.162*** (0.048) 0.12** (0.048) 0.119** (0.048)
sy_2005_nj 0.278*** (0.018) 0.278*** (0.018) 0.453*** (0.034) 0.453*** (0.034)
sy_2005_ny -0.110*** (0.019) -0.111*** (0.019) -0.122*** (0.019) -0.122*** (0.019)
sy_2005_oh 0.112*** (0.036) 0.112*** (0.036) 0.099*** (0.037) 0.098*** (0.037)
sy_2005_ok -0.018 (0.038) -0.018 (0.038) -0.354*** (0.038) -0.354*** (0.038)

OneMile OLS HalfMile OLS OneMile SEM HalfMile SEM
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Variables coef se coef se coef se coef se
sy_2005_pa -0.060 (0.051) -0.060 (0.051) -0.058 (0.053) -0.058 (0.053)
sy_2005_wa -0.070 (0.111) -0.070 (0.111) 0.025 (0.153) 0.025 (0.153)
sy_2006_ia -0.050* (0.028) -0.051* (0.028) -0.106*** (0.028) -0.106*** (0.028)
sy_2006_il 0.192*** (0.026) 0.192*** (0.026) 0.215*** (0.030) 0.215*** (0.030)
sy_2006_mn 0.206*** (0.049) 0.206*** (0.049) 0.164*** (0.049) 0.164*** (0.049)
sy_2006_nj 0.340*** (0.017) 0.340*** (0.017) 0.514*** (0.032) 0.514*** (0.032)
sy_2006_ny -0.066*** (0.019) -0.066*** (0.019) -0.073*** (0.019) -0.073*** (0.019)
sy_2006_oh 0.147*** (0.034) 0.147*** (0.034) 0.144*** (0.035) 0.144*** (0.035)
sy_2006_ok 0.025 (0.039) 0.026 (0.039) -0.3*** (0.037) -0.3*** (0.037)
sy_2006_pa 0.008 (0.051) 0.008 (0.051) -0.001 (0.052) -0.001 (0.052)
sy_2006_wa -0.066 (0.131) -0.066 (0.131) 0.02 (0.160) 0.021 (0.160)
sy_2007_ia 0.013 (0.028) 0.012 (0.028) -0.019 (0.028) -0.019 (0.028)
sy_2007_il 0.218*** (0.025) 0.218*** (0.025) 0.251*** (0.028) 0.251*** (0.028)
sy_2007_mn 0.177*** (0.049) 0.177*** (0.049) 0.145*** (0.048) 0.144*** (0.048)
sy_2007_nj 0.297*** (0.017) 0.297*** (0.017) 0.459*** (0.031) 0.459*** (0.031)
sy_2007_ny -0.020 (0.019) -0.020 (0.019) -0.022 (0.019) -0.022 (0.019)
sy_2007_oh 0.144*** (0.035) 0.143*** (0.035) 0.138*** (0.036) 0.138*** (0.036)
sy_2007_ok 0.149*** (0.037) 0.150*** (0.037) -0.154*** (0.034) -0.154*** (0.034)
sy_2007_pa 0.030 (0.051) 0.030 (0.051) 0.067 (0.052) 0.067 (0.052)
sy_2007_wa 0.189* (0.110) 0.189* (0.110) 0.209 (0.147) 0.209 (0.147)
sy_2008_ia 0.011 (0.029) 0.010 (0.029) -0.029 (0.029) -0.029 (0.029)
sy_2008_il 0.219*** (0.026) 0.218*** (0.026) 0.217*** (0.029) 0.217*** (0.029)
sy_2008_mn 0.149*** (0.050) 0.149*** (0.050) 0.108** (0.049) 0.108** (0.049)
sy_2008_nj 0.195*** (0.018) 0.195*** (0.018) 0.35*** (0.032) 0.35*** (0.032)
sy_2008_ny -0.000 (0.019) -0.000 (0.019) -0.008 (0.019) -0.008 (0.019)
sy_2008_oh 0.084** (0.036) 0.084** (0.036) 0.061* (0.037) 0.061* (0.037)
sy_2008_ok 0.154*** (0.039) 0.153*** (0.039) -0.145*** (0.035) -0.145*** (0.035)
sy_2008_pa 0.044 (0.053) 0.044 (0.053) 0.055 (0.053) 0.056 (0.053)
sy_2008_wa 0.178 (0.117) 0.179 (0.117) 0.326** (0.148) 0.325** (0.148)
sy_2009_ia -0.056 (0.036) -0.057 (0.036) -0.102*** (0.036) -0.102*** (0.036)
sy_2009_il 0.158*** (0.026) 0.158*** (0.026) 0.176*** (0.028) 0.176*** (0.028)
sy_2009_mn 0.104** (0.051) 0.104** (0.051) 0.089* (0.050) 0.089* (0.050)
sy_2009_nj 0.071*** (0.019) 0.071*** (0.019) 0.238*** (0.032) 0.238*** (0.032)
sy_2009_ny -0.005 (0.019) -0.005 (0.019) -0.013 (0.019) -0.013 (0.019)
sy_2009_oh 0.036 (0.035) 0.036 (0.035) 0.028 (0.036) 0.028 (0.036)
sy_2009_ok 0.219*** (0.038) 0.219*** (0.038) -0.102*** (0.034) -0.101*** (0.034)
sy_2009_pa 0.009 (0.053) 0.010 (0.053) 0.0003 (0.054) 0.0004 (0.054)
sy_2010_ia 0.018 (0.029) 0.017 (0.029) -0.004 (0.028) -0.004 (0.028)
sy_2010_il 0.105*** (0.028) 0.105*** (0.028) 0.104*** (0.029) 0.104*** (0.029)
sy_2010_mn 0.181*** (0.050) 0.180*** (0.050) 0.137*** (0.049) 0.137*** (0.049)
sy_2010_nj 0.010 (0.019) 0.010 (0.019) 0.177*** (0.032) 0.178*** (0.032)
sy_2010_ny 0.003 (0.021) 0.003 (0.021) -0.006 (0.020) -0.006 (0.020)
sy_2010_oh -0.017 (0.036) -0.017 (0.036) -0.024 (0.036) -0.024 (0.036)
sy_2010_ok 0.231*** (0.038) 0.231*** (0.038) -0.074** (0.033) -0.074** (0.033)
sy_2010_pa 0.013 (0.057) 0.013 (0.057) 0.013 (0.057) 0.013 (0.057)
sy_2010_wa 0.207 (0.127) 0.207 (0.127) 0.305* (0.165) 0.305* (0.165)
note:  *** p<0.01, ** p<0.05, * p<0.1

N
Adjusted R2

OneMile OLS HalfMile OLS OneMile SEM HalfMile SEM

0.660.66
51,27651,276 38,407 38,407

0.64 0.64
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Abstract 
 
With wind energy expanding rapidly in the U.S. and abroad, and with an increasing number of 
communities considering wind power development nearby, there is an urgent need to empirically 
investigate common community concerns about wind project development.  The concern that 
property values will be adversely affected by wind energy facilities is commonly put forth by 
stakeholders.  Although this concern is not unreasonable, given property value impacts that have 
been found near high voltage transmission lines and other electric generation facilities, the 
impacts of wind energy facilities on residential property values had not previously been 
investigated thoroughly.  The present research collected data on almost 7,500 sales of single-
family homes situated within 10 miles of 24 existing wind facilities in nine different U.S. states.  
The conclusions of the study are drawn from eight different hedonic pricing models, as well as 
both repeat sales and sales volume models.  The various analyses are strongly consistent in that 
none of the models uncovers conclusive evidence of the existence of any widespread property 
value impacts that might be present in communities surrounding wind energy facilities.  
Specifically, neither the view of the wind facilities nor the distance of the home to those facilities 
is found to have any consistent, measurable, and statistically significant effect on home sales 
prices.  Although the analysis cannot dismiss the possibility that individual homes or small 
numbers of homes have been or could be negatively impacted, it finds that if these impacts do 
exist, they are either too small and/or too infrequent to result in any widespread, statistically 
observable impact. 
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Executive Summary 
Overview 
Wind power development in the United States has expanded dramatically in recent years.  If that 
growth is to continue it will require an ever-increasing number of wind power projects to be sited, 
permitted, and constructed.  Most permitting processes in the U.S. require some form of 
environmental impact assessment as well as public involvement in the siting process.  Though 
public opinion surveys generally show that acceptance towards wind energy is high, a variety of 
concerns with wind power development are often expressed on the local level during the siting 
and permitting process.  One such concern is the potential impact of wind energy projects on the 
property values of nearby residences.   
 
Concerns about the possible impact of wind power facilities on residential property values can 
take many forms, but can be divided into the following non-mutually exclusive categories:  
 
• Area Stigma:  A concern that the general area surrounding a wind energy facility will appear 

more developed, which may adversely affect home values in the local community regardless 
of whether any individual home has a view of the wind turbines. 

• Scenic Vista Stigma:  A concern that a home may be devalued because of the view of a wind 
energy facility, and the potential impact of that view on an otherwise scenic vista.  

• Nuisance Stigma:  A concern that factors that may occur in close proximity to wind turbines, 
such as sound and shadow flicker, will have a unique adverse influence on home values. 

 
Although concerns about the possible impact of wind energy facilities on the property values of 
nearby homes are reasonably well established, the available literature1 that has sought to quantify 
the impacts of wind projects on residential property values has a number of shortcomings:  
 
1) Many studies have relied on surveys of homeowners or real estate professionals, rather than 

trying to quantify real price impacts based on market data; 
2) Most studies have relied on simple statistical techniques that have limitations and that can be 

dramatically influenced by small numbers of sales transactions or survey respondents;  
3) Most studies have used small datasets that are concentrated in only one wind project study 

area, making it difficult to reliably identify impacts that might apply in a variety of areas; 
4) Many studies have not reported measurements of the statistical significance of their results, 

making it difficult to determine if those results are meaningful; 
5) Many studies have concentrated on an investigation of the existence of Area Stigma, and 

have ignored Scenic Vista and/or Nuisance Stigmas;  
6) Only a few studies included field visits to homes to determine wind turbine visibility and 

collect other important information about the home (e.g., the quality of the scenic vista); and 
7) Only two studies have been published in peer-reviewed academic journals. 
 

                                                 
1 This literature is briefly reviewed in Section 2 of the full report, and includes: Jordal-Jorgensen (1996); Jerabek 
(2001); Grover (2002); Jerabek (2002); Sterzinger et al. (2003); Beck (2004); Haughton et al. (2004); Khatri (2004); 
DeLacy (2005); Poletti (2005); Goldman (2006); Hoen (2006); Firestone et al. (2007); Poletti (2007); Sims and Dent 
(2007); Bond (2008); McCann (2008); Sims et al. (2008); and Kielisch (2009). 
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This report builds on the previous literature that has investigated the potential impact of wind 
projects on residential property values by using a hedonic pricing model and by avoiding many 
of the shortcomings enumerated above.  
The hedonic pricing model is one of the 
most prominent and reliable methods for 
identifying the marginal impacts of 
different housing and community 
characteristics on residential property 
values (see side bar).  This approach dates 
to the seminal work of Rosen (1974) and 
Freeman (1979), and much of the 
available literature that has investigated 
the impacts of potential disamenities on 
property values has relied on this method.2   
 
To seed the hedonic model with 
appropriate market data, this analysis 
collects information on a large quantity of 
residential home sales (i.e., transactions) 
(n = 7,459) from ten communities 
surrounding 24 existing wind power 
facilities spread across multiple parts of 
the U.S. (e.g., nine states).  Homes 
included in this sample are located from 
800 ft to over five miles from the nearest 
wind energy facility, and were sold at any 
point from before wind facility 
announcement to over four years after the 
construction of the nearby wind project.  
Each of the homes that sold was visited to 
determine the degree to which the wind 
facility was likely to have been visible at 
the time of sale and to collect other 
essential data.   
 
To assess the potential impacts of all three 
of the property value stigmas described 
earlier, a base hedonic model is applied as 
well as seven alternative hedonic models 
each designed to investigate the reliability 
of the results and to explore other aspects of the data (see Table ES - 1 below).  In addition, a 
repeat sales model is analyzed, and an investigation of possible impacts on sales volumes is 

                                                 
2 Many of these studies are summarized in the following reviews: Kroll and Priestley (1992); McCann (1999); 
Bateman et al. (2001); Boyle and Kiel (2001); Jackson (2001); Simons and Saginor (2006); and Leonard et al. 
(2008).  For further discussion of the hedonic model and its application to the quantification of environmental 
stigmas see Jackson (2005) and Simons (2006a).  

What Is a Hedonic Pricing Model? 
Hedonic pricing models are frequently used by 
economists and real estate professionals to assess 
the impacts of house and community 
characteristics on property values by 
investigating the sales prices of homes.  A house 
can be thought of as a bundle of characteristics 
(e.g., number of square feet, number of 
bathrooms).  When a price is agreed upon by a 
buyer and seller there is an implicit 
understanding that those characteristics have 
value.  When data from a large number of 
residential transactions are available, the 
individual marginal contribution to the sales 
price of each characteristic for an average home 
can be estimated with a hedonic regression 
model. Such a model can statistically estimate, 
for example, how much an additional bathroom 
adds to the sale price of an average home.  A 
particularly useful application of the hedonic 
model is to value non-market goods – goods that 
do not have transparent and observable market 
prices.  For this reason, the hedonic model is 
often used to derive value estimates of amenities 
such as wetlands or lake views, and disamenities 
such as proximity to and/or views of high-
voltage transmission lines, roads, cell phone 
towers, and landfills.  It should be emphasized 
that the hedonic model is not typically designed 
to appraise properties (i.e., to establish an 
estimate of the market value of a home at a 
specified point in time), as would be done with 
an automated valuation model.  Instead, the 
typical goal of a hedonic model is to estimate the 
marginal contribution of individual house or 
community characteristics to sales prices.
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conducted.  Though some limitations to the analysis approach and available data are 
acknowledged, the resulting product is the most comprehensive and data-rich analysis to date in 
the U.S. or abroad on the impacts of wind projects on nearby property values. 
 
Analysis Findings 
Table ES - 1 describes the ten resulting statistical models that are employed to investigate the 
effects of wind facilities on residential sales prices, and the specific stigmas that those models 
investigate.  Though all models test some combination of the three possible stigmas, they do so 
in different ways.  For instance, the Base Model asks the question, “All else being equal, do 
homes near wind facilities sell for prices different than for homes located farther away?”, while 
the All Sales Model asks, “All else being equal, do homes near wind facilities that sell after the 
construction of the wind facility sell for prices different from similar homes that sold before the 
announcement and construction of the facility?”  Each model is therefore designed to not only 
test for the reliability of the overall results, but also to explore the myriad of potential effects 
from a variety of perspectives.  Table ES-2 summarizes the results from these models. 

Table ES - 1: Description of Statistical Models 

Base Hedonic Model Using only "post-construction" transactions (those that occurred after the wind facility was 
built), this model investigates all three stigmas in a straightforward manner

Alternative Hedonic Models

View Stability
Using only post-construction transactions, this model investigates whether the Scenic Vista 
Stigma results from the Base Model are independent of the Nuisance and Area Stigma 
results

Distance Stability
Using only post-construction transactions, this model investigates whether the Nuisance 
and Area Stigma results from the Base Model are independent of the Scenic Vista Stigma 
results

Continuous Distance
Using only post-construction transactions, this model investigates Area and Nuisance 
Stigmas by applying a continuous distance parameter as opposed to the categorical 
variables for distance used in the previous models

All Sales
Using all transactions, this model investigates whether the results for the three stigmas 
change if transactions that occurred before the announcement and construction of the wind 
facility are included in the sample

Temporal Aspects
Using all transactions, this model further investigates Area and Nuisance Stigmas and how 
they change for homes that sold more than two years pre-announcement through the period 
more than four years post-construction

Orientation Using only post-construction transactions, this model investigates the degree to which a 
home’s orientation to the view of wind turbines affects sales prices

Overlap
Using only post-construction transactions, this model investigates the degree to which  the 
overlap between the view of a wind facility and a home’s primary scenic vista affects sales 
prices

Repeat Sales Model

Using paired transactions of homes that sold once pre-announcement and again post-
construction, this model investigates the three stigmas, using as a reference transactions of 
homes located outside of five miles of the nearest wind turbine and that have no view of the 
turbines

Sales Volume Model
Using both pre-announcement and post-construction transactions, this model investigates 
whether the rate of home sales (not the price of those sales) is affected by the presence of 
nearby wind facilities

Statistical Model Description
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Table ES-2: Impact of Wind Projects on Property Values: Summary of Key Results 

Area            
Stigma?

Scenic Vista 
Stigma?

Nuisance         
Stigma?

Base Model No No No Section 4

View Stability Not tested No Not tested Section 5.1
Distance Stability No Not tested No Section 5.1
Continuous Distance No No No Section 5.2
All Sales No No Limited Section 5.3
Temporal Aspects No No No Section 5.4
Orientation No No No Section 5.5
Overlap No Limited No Section 5.6

Repeat Sales No Limited No Section 6

Sales Volume No Not tested No Section 7
"No"………………….
"Yes"…………………
"Limited"…………….
"Not tested"………… This model did not test for this stigma

Statistical Model

Is there statistical evidence of:

No statistical evidence of a negative impact
Strong statistical evidence of a negative impact
Limited and inconsistent statistical evidence of a negative impact

Section        
Reference

 
 
Base Model Results 
The Base Model serves as the primary model and allows all three stigmas to be explored.  In sum, 
this model finds no persuasive evidence of any of the three potential stigmas: neither the view of 
the wind facilities nor the distance of the home to those facilities is found to have any consistent, 
measurable, and statistically significant effect on home sales prices.   
 
• Area Stigma:  To investigate Area Stigma, the model tests whether the sales prices of homes 

situated anywhere outside of one mile and inside of five miles of the nearest wind facility are 
measurably different from the sales price of those homes located outside of five miles.  No 
statistically significant differences in sales prices between these homes are found (see Figure 
ES-1).   

• Scenic Vista Stigma:  For Scenic Vista Stigma, the model is first used to investigate whether 
the sales prices of homes with varying scenic vistas - absent the presence of the wind facility 
- are measurably different.  The model results show dramatic and statistically significant 
differences in this instance (see Figure ES-2); not surprisingly, home buyers and sellers 
consider the scenic vista of a home when establishing the appropriate sales price.  
Nonetheless, when the model tests for whether homes with minor, moderate, substantial, or 
extreme views of wind turbines have measurably different sales prices, no statistically 
significant differences are apparent (see Figure ES-3).   

• Nuisance Stigma:  Finally, for Nuisance Stigma, the model is used to test whether the sales 
prices of homes situated inside of one mile of the nearest wind energy facility are measurably 
different from those homes located outside of five miles. Although sample size is somewhat 
limited in this case,3 the model again finds no persuasive statistical evidence that wind 

                                                 
3 125 homes were located inside of one mile of the nearest wind facility and sold post-construction. 
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facilities measurably and broadly impact residential sales prices (see Figure ES-1 and later 
results).   

Figure ES-1: Base Model Results: Area and Nuisance Stigma 
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Figure ES-2: Base Model Results: Scenic Vista 
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Figure ES-3: Base Model Results: Scenic Vista Stigma  
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The seven alternative hedonic models and the additional analysis contained in the Repeat Sales 
and Sales Volume Models (see Table ES-2) provide a fuller picture of the three stigmas and the 
robustness of the Base Model results.   
 
Area Stigma: Other Model Results 
Concentrating first on Area Stigma, the results from all of the models are similar: there is no 
statistical evidence of a widespread Area Stigma among the homes in this sample.  Homes in the 
study areas analyzed here do not appear to be measurably stigmatized by the arrival of a wind 
facility, regardless of when those homes sold in the wind project development process and 
regardless of whether the homes are located one mile or five miles away from the nearest facility.  
 
In the All Sales Model, for example, after adjusting for inflation,4 homes that sold after wind 
facility construction and that had no view of the turbines are found to have transacted for higher 
prices - not lower - than those homes that sold prior to wind facility construction.  Moreover, in 
the Temporal Aspects Model, homes that sold more than two years prior to the announcement of 
the wind facility and that were located more than five miles from where the turbines were 
eventually located are found to have transacted for lower prices - not higher - than homes 
situated closer to the turbines and that sold at any time after the announcement and construction 
of the wind facility (see Figure ES - 4).  Further, in the Repeat Sales Model, homes located near 
the wind facilities that transacted more than once were found to have appreciated between those 
sales by an amount that was no different from that experienced by homes located in an area 

                                                 
4 All sales prices in all models are adjusted for inflation, but because this model (and the Temporal Aspects Model) 
deals with time explicitly, it is mentioned specifically here. 
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many miles away from the wind facilities.  Finally, as shown in Table ES-2, none of the other 
models identified evidence of a broadly negative and statistically significant Area Stigma.   
 
Scenic Vista Stigma: Other Model Results 
With respect to Scenic Vista Stigma, the seven alternative hedonic models and the additional 
analysis contained in the Repeat Sales Model find little consistent evidence of a broadly negative 
and statistically significant impact.  Although there are 730 residential transactions in the sample 
that involve homes that had views of a wind facility at the time of sale, 160 of which had 
relatively significant views (i.e., a rating higher than Minor), none of the various models finds 
strong statistical evidence that the view of a nearby wind facility impacts sales prices in a 
significant and consistent manner. 
 
When concentrating only on the view of the wind facilities from a home (and not testing for Area 
and Nuisance Stigmas simultaneously), for example, the results from the View Stability Model 
are very similar to those derived from the Base Model, with no evidence of a Scenic Vista 
Stigma.  Similarly, the All Sales Model finds that homes that sold after wind facility construction 
and that had a view of the facility transacted for prices that are statistically indistinguishable 
from those homes that sold at any time prior to wind facility construction.  The Orientation 
Model, meanwhile, fails to detect any difference between the sales prices of homes that had 
either a front, back, or side orientation to the view of the wind facility.  As shown in Table ES-2, 
the Continuous Distance and Temporal Aspects models also do not uncover any evidence of a 
broadly negative and statistically significant Scenic Vista Stigma.   
 
In the Repeat Sales Model, some limited evidence is found that a Scenic Vista Stigma may exist, 
but those effects are weak, fairly small, somewhat counter-intuitive, and are at odds with the 
results of other models.  This finding is likely driven by the small number of sales pairs that are 
located within one mile of the wind turbines and that experience a dramatic view of those 
turbines.  Finally, in the Overlap Model, where the degree to which a view of the wind facility 
overlaps the primary scenic vista from the home is accounted for, no statistically significant 
differences in sales prices are detected between homes with somewhat or strongly overlapping 
views when compared to those homes with wind turbine views that did not overlap the primary 
scenic vista.  Though this model produces some weak evidence of a Scenic Vista Stigma among 
homes with Minor views of wind facilities, the same model finds that the sales prices of those 
homes with views that barely overlap the primary scenic vista are positively impacted by the 
presence of the wind facility.  When these two results are combined, the overall impact is 
negligible, again demonstrating no persuasive evidence of a Scenic Vista Stigma.  
 
Nuisance Stigma: Other Model Results 
Results for Nuisance Stigma from the seven alternative hedonic models and the additional 
analysis contained in the Repeat Sales and Sales Volume Models support the Base Model results. 
Taken together, these models present a consistent set of results: homes in this sample that are 
within a mile of the nearest wind facility, where various nuisance effects have been posited, have 
not been broadly and measurably affected by the presence of those wind facilities.  These results 
imply that Nuisance Stigma effects are either not present in this sample, or are too small and/or 
infrequent to be statistically distinguished. 
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In the Distance Stability Model, for example, when concentrating only on the distance from 
homes to the nearest wind turbine (and not testing for Scenic Vista Stigma simultaneously), the 
results are very similar to those derived from the Base Model, with no statistical evidence of a 
Nuisance Stigma.  These results are corroborated by the Continuous Distance, Orientation, 
Overlap, and Repeat Sales Models, none of which find a statistically significant relationship 
between distance and either sales prices or appreciation rates.  Relatedly, the Sales Volume 
analysis finds no evidence that homes located within one mile of the nearest wind turbine are 
sold any more or less frequently than homes located farther away from the wind facilities.   
 
In the All Sales Model, a weakly significant difference is found between the sales prices of 
homes located between 3000 feet and one mile of the nearest wind facility and the homes that 
sold before the announcement of the wind facility.  This effect, however, is largely explained by 
the results of the Temporal Aspects Model, shown in Figure ES - 4.  The Temporal Aspects 
Model finds that homes located within one mile of where the wind turbines would eventually be 
located sold for depressed prices well before the wind facility was even announced or 
constructed.  In all time periods following the commencement of wind facility construction, 
however, inflation-adjusted sales prices increased - not decreased - relative to pre-announcement 
levels, demonstrating no statistical evidence of a Nuisance Stigma.  The results from the All 
Sales Model (and, for that matter, the negative, albeit statistically insignificant coefficients inside 
of one mile in the Base Model, see Figure ES-1) are therefore an indication of sales price levels 
that preceded wind facility announcement construction, and that are not sustained after 
construction. 

Figure ES - 4: Temporal Aspects Model Results: Area and Nuisance Stigma 
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Conclusions and Further Research Needs 
Though each of the analysis techniques used in this report has strengths and weaknesses, the 
results as a whole are strongly consistent in that none of the models uncovers conclusive 
evidence of the presence of any of the three property value stigmas that might be present in 
communities surrounding wind power facilities.  Therefore, based on the data sample and 
analysis presented here, no evidence is found that home prices surrounding wind facilities are 
consistently, measurably, and significantly affected by either the view of wind facilities or the 
distance of the home to those facilities.  Although the analysis cannot dismiss the possibility that 
individual homes or small numbers of homes have been or could be negatively impacted, it finds 
that if these impacts do exist, they are either too small and/or too infrequent to result in any 
widespread, statistically observable impact.  Moreover, to the degree that homes and wind 
facilities in this sample are similar to homes and facilities in other areas of the United States, the 
results presented here are expected to be transferable to other areas. 
 
This work builds on the existing literature in a number of respects, but there remain a number of 
areas for further research.  The primary goal of subsequent research should be to concentrate on 
those homes located closest to wind facilities, where the data sample herein was the most limited.  
Additional research of the nature reported in this paper could be pursued, but with a greater 
number of transactions, especially for homes particularly close to wind facilities.  A more 
detailed analysis of sales volume impacts may also be fruitful, as would an assessment of the 
potential impact of wind facilities on the length of time homes are on the market in advance of an 
eventual sale.  Finally, it would be useful to conduct a survey of those homeowners living close 
to existing wind facilities, and especially those residents who have bought and sold homes in 
proximity to wind facilities after facility construction, to assess their opinions on the impacts of 
wind project development on their home purchase and sales decisions. 
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1. Introduction 
Wind power development has expanded dramatically in recent years (GWEC, 2009).  Although 
the percent of electricity supplied to the U.S. and globally from wind power projects installed 
through 2008 remains relatively low (1.9% and 1.5%, respectively) (Wiser and Bolinger, 2009), 
there are expectations that those percentages will rise and that wind energy could contribute a 
significant percentage of future electricity supply (GWEC, 2008; Wiser and Hand, 2010).  Most 
recently, President Obama, in his 2009 State of the Union address, called for a doubling of 
renewable energy in three years (by 2012), and in 2008 the U.S. Department of Energy produced 
a report that analyzed the feasibility of meeting 20% of U.S. electricity demand with wind 
energy by 2030 (US DOE, 2008).   
 
To meet these goals, a significant amount of wind project development activity would be 
required.  The average size of wind power projects built in the U.S. in 2007 and 2008 was 
approximately 100 MW (Wiser and Bolinger, 2009) and the total amount of capacity required to 
reach 20% wind electricity is roughly 300,000 MW (US DOE, 2008).  Therefore, to achieve 20% 
wind electricity by 2030, a total of 3,000 wind facilities may need to be sited and permitted.  
Most permitting processes in the U.S. require some form of environmental impact assessment, 
and some form of public involvement in the siting process.  Though surveys show that public 
acceptance is high in general for wind energy (e.g., Wolsink, 2000; Firestone and Kempton, 
2006), a variety of concerns are often expressed on the local level that can impact the length and 
outcome of the siting and permitting process.  These concerns range from the potential impacts 
of wind projects on wildlife habitat and mortality, radar and communications systems, ground 
transportation and historic and cultural resources, to aesthetic and property value concerns as 
well as potential nuisance and health impacts.  As a result, a variety of siting and permitting 
guidelines (AWEA, 2008) and impact assessments (NAS, 2007) have been completed. 
 
Surveys of local communities considering wind facilities have consistently ranked adverse 
impacts on aesthetics and property values in the top tier of concerns (e.g., BBC R&C, 2005; 
Firestone and Kempton, 2006).  Developers of wind energy echo this assessment: they ranked 
aesthetics and property values as two of the top concerns (first and third respectively) for 
individuals or communities opposed to wind power development (Paul, 2006).  Local residents 
have even brought suit against a developer over property values (Dale Rankin v. FPL, 2008), and 
some developers have responded to these concerns by offering “neighbor agreements” that 
compensate nearby homeowners for the potential impacts of wind projects.  
 
The two concerns of aesthetics and property values are intrinsically linked.  It is well established 
that a home’s value will be increased if a high-quality scenic vista is enjoyed from the property 
(e.g., Seiler et al., 2001).  Alternatively, it is reasonable to assume that if a home’s scenic vista 
overlaps with a view of a disamenity, the home might be devalued, as has been found for high-
voltage transmission lines (HVTL) (Kroll and Priestley, 1992; Des-Rosiers, 2002).  Whether a 
view of wind turbines similarly impacts home values is a key topic of debate in local siting 
decisions.  Aesthetics alone, however, is not the only pathway through which wind projects 
might impact residential property values.  Distance to the nearest wind turbine, for example, 
might also have an impact if various nuisance effects are prominent, such as turbine noise, 
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shadow flicker,5 health or safety concerns, or other impacts, real or perceived.  In this way, 
property values near wind turbines might be impacted in the same way as homes near roads 
might be devalued (Bateman et al., 2001).  Additionally, there is evidence that proximity to a 
disamenity, even if that disamenity is not visible and is not so close as to have obvious nuisance 
effects, may still decrease a home’s sales price, as has been found to be the case for landfills 
(Thayer et al., 1992).   
 
Taken together, these general concerns about the possible impacts of wind projects on residential 
property values can be loosely categorized into three potential stigmas:   
• Area Stigma:  A concern that the general area surrounding a wind energy facility will appear 

more developed, which may adversely affect home values in the local community regardless 
of whether any individual home has a view of the wind turbines. 

• Scenic Vista Stigma:  A concern that a home may be devalued because of the view of a wind 
energy facility, and the potential impact of that view on an otherwise scenic vista.  

• Nuisance Stigma:  A concern that factors that may occur in close proximity to wind turbines, 
such as sound and shadow flicker, will have a unique adverse influence on home values. 

 
These three potential stigmas are not mutually exclusive and could, in theory, be present in part 
or in combination for any single home.  Consequently, all three potential impacts must be 
considered when analyzing the effects of wind facilities on residential sales prices.     
 
Although concerns about the potential impact of wind projects on residential property values are 
often mentioned in siting cases, the state of the existing literature on this topic leaves much to be 
desired. To some extent, the growing body of research investigating this topic has come to 
opposing conclusions. The most recent and comprehensive of these studies have often concluded 
that no widespread impacts of wind projects on residential property values are apparent (Hoen, 
2006; Sims and Dent, 2007; Sims et al., 2008).  At the same time, pre-construction surveys of 
both homeowners and real estate experts have sometimes found an expectation of negative 
impacts (e.g. Haughton et al., 2004), and post-construction appraisals have sometimes come to 
similar conclusions (McCann, 2008; Kielisch, 2009).  Given the state of the literature, it is not 
uncommon for local siting and permitting processes to involve contradicting testimony from 
experts, as occurred in 2004 when the Public Service Commission of Wisconsin heard opposing 
conclusions from two studies conducted by experienced home valuation experts (Poletti, 2005; 
Zarem, 2005).   
 
This report contains the most comprehensive and data-rich analysis to date on the potential 
impacts of wind projects on nearby residential sales prices.  Data from 7,459 residential 
transactions were collected from the surrounding communities of 24 individual wind projects in 
nine states and 14 counties in the United States.6  Because of the large sample size, the diversity 
of wind projects included in the analysis, and the depth of information collected, a number of 
different analyses were possible.  Specifically, this report relies heavily on a hedonic regression 

                                                 
5 Shadow flicker occurs when the sun shines through the wind turbine blades when at a low angle to the horizon and 
shadows are cast on a window or interior wall of a residence (NAS, 2007).  
6 The majority of the analysis only includes homes that sold after wind facility construction began, totaling 4,937 
transactions.   
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model7 and uses various forms of that model to investigate potential effects and to confirm the 
robustness of the resulting findings.  To further investigate the robustness of the results, a repeat 
sales model8 and a sales volume model9 are also utilized.  In sum, this work builds and improves 
on the previous literature, and provides an in-depth assessment of the question of whether 
residential property values in the United States have been affected, in a statistically measurable 
way, by views of and proximity to wind power facilities.   
 
The remainder of this report is structured as follows.  The next section discusses the hedonic 
model in general, its application to environmental disamenities research, and some potentially 
analogous results drawn from these studies.  This is followed by a summary of the existing 
literature that has investigated the effects of wind energy on residential property values.  The 
report then turns to the data used in the analysis, a discussion of the primary (or “base”) hedonic 
model, and an analysis of the results from that statistical model.  Following that, a set of 
alternative hedonic models are estimated, as well as a repeat sales model and sales volume model, 
to test for the robustness of the “base” model results and to explore other aspects of the data.  
Taking into account the full set of results presented earlier, the report then discusses the three 
stigmas that may lead to wind projects impacting residential property values, and summarizes 
how the analysis informs the existence and magnitude of these potential effects.  The report ends 
with a brief conclusion, and a discussion of future research possibilities.  A number of 
appendices follow the conclusion, and contain detailed information on each wind project study 
area, the data collection instrument and qualitative rating systems used in the field research, the 
investigation of the best “base” model, the hedonic model assumptions and related tests, and full 
results from all of the additional statistical models estimated in the report.   

                                                 
7 The hedonic regression model, which was briefly described in a sidebar in the Executive Summary, is described in 
detail in Section 2.1. 
8 A repeat sales model uses, as its dataset, only those homes that have sold more than once.  By comparing annual 
appreciation rates of homes that sold once before facility announcement, and again after construction, it can be 
tested, in an alternative fashion, if home values are affected by the distance to or view of nearby wind turbines.  
9 Sales volume can be defined as the percentage of homes that fit a certain criteria (e.g. single family, on less than 25 
acres, zoned residential, assessed for more than $10,000) that actually did sell.  By comparing sales volumes at 
various distances to wind facilities, before and after the facility was built, a further robustness test is possible.   
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2. Previous Research 
Hedonic pricing models are frequently used to assess the marginal impacts of house and 
community characteristics on sales prices and by extension on property values in general.  
Because the hedonic model is the primary statistical method used in this report, this section 
begins by describing the model in more detail and providing some relevant examples of its use.  
The section then reviews the existing literature on the effects of wind energy facilities on 
surrounding property values, highlights the shortcomings of that literature, and outlines how the 
present research addresses those shortcomings.   

2.1. Hedonic Models and Environmental Disamenities 
A house can be thought of as a bundle of characteristics (e.g., number of square feet, number of 
bathrooms, number of fireplaces, and amount of acreage).  When a price is agreed upon between 
a buyer and seller there is an implicit understanding that those characteristics have value.  When 
data from a number of sales transactions are available, the individual marginal contribution to the 
sales price of each characteristic can be estimated with a hedonic regression model (Rosen, 1974; 
Freeman, 1979).  This relationship takes the basic form: 
 
Sales price = f (house structural characteristics, other factors)   
 
where “house structural characteristics” might include, but are not limited to, the number of 
square feet of living area, bathrooms, and fireplaces, the presence of central AC and the 
condition of the home, and “other factors” might include, but are not limited to, home site 
characteristics (e.g., number of acres), neighborhood characteristics (e.g., school district), market 
conditions at the time of sale (e.g., prevailing mortgage interest rates), and surrounding 
environmental conditions (e.g., proximity to a disamenity or amenity).   
 
The relationship between the sales price of homes and the house characteristics and other factors 
can take various forms.  The most common functional form is the semi-log construction where 
the dependent variable is the natural log of the inflation adjusted sales price, and the independent 
variables are unadjusted (not transformed) home characteristics and other factors. The usefulness 
of this form of hedonic model is well established (Malpezzi, 2003; Sirmans et al., 2005b; Simons 
and Saginor, 2006) assuming that certain threshold assumptions are met.10  The model is used 
commonly by academics, real estate assessors, appraisers, and realtors when large datasets are 
available on past residential sales transactions, and when estimates of the marginal impact of 
certain house characteristics and other factors on sales prices are desired.11   

                                                 
10 These assumptions, which are discussed in greater detail in Section 4.2 and Appendix G, include absence of 
outliers and/or influencers, presence of homoskedastic variances, absence of spatial and temporal autocorrelation, 
and absence of collinearity between the variables of interest and other independent variables. 
11 It should be emphasized that a hedonic model is not designed to appraise properties (i.e., to establish an estimate 
of the market value of a home at a specified point in time), as would be done with an automated valuation model 
(AVM).  Rather, hedonic models are designed to estimate the marginal contribution of individual house or 
community characteristics to sales prices, which requires hedonic models to rely upon large data sets with a sizable 
number of explanatory variables.  Appraisal models, on the other hand, are generally based on small, localized data 
sets (i.e., “comps”) and a limited number of explanatory variables that pertain to nearby properties.  Due to their 
higher level of accuracy through the use of significantly more information (e.g., diverse spatial, temporal, and 
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A particularly useful application of the hedonic regression model is to value non-market goods – 
goods that do not have transparent and observable market prices.  For this reason, the hedonic 
model is often used to derive value estimates of amenities such as wetlands (e.g., Mahan et al., 
2000) or lake views (e.g., Seiler et al., 2001), and disamenities, such as proximity to and/or 
views of high-voltage transmission lines (HVTLs) (e.g. Des-Rosiers, 2002), fossil fuel power 
plants (Davis, 2008), roads (e.g. Bateman et al., 2001), cell phone towers (e.g. Bond and Wang, 
2007), and landfills (e.g., Thayer et al., 1992; Ready and Abdalla, 2005).  
 
There are a number of useful reviews that describe the application of hedonic models in these 
circumstances (Kroll and Priestley, 1992; Farber, 1998; McCann, 1999; Bateman et al., 2001; 
Boyle and Kiel, 2001; Jackson, 2001; Ready and Abdalla, 2005; Simons and Saginor, 2006; 
Simons, 2006b; Leonard et al., 2008).12  The large number of studies covered in these reviews 
demonstrate that hedonic models are regularly used to investigate the interplay between home 
values and distance to potential disamenities, teasing out if and how sales prices are adversely 
affected depending on the distance of a typical home from a disamenity.  For example, Carroll et 
al. (1996) use a hedonic model to estimate a devaluation of 16% for homes “close to” a chemical 
plant, with a 6.5% increase in sales price per mile away out to 2.5 miles, at which point effects 
fade entirely.  Dale et al. (1999) find a maximum effect of -4% near a lead smelter, with sales 
prices increasing 2% for each mile away out to two miles, where effects again fade.  Ready and 
Abdalla (2005) find maximum effects near landfills of -12.4%, which fade entirely outside 2,400 
feet, and maximum effects near confined animal feeding operations of -6.4%, which fade entirely 
outside of 1,600 feet.   Meanwhile, studies of other energy infrastructure, such as HVTLs, find 
maximum effects of -5.7% for homes adjacent to a HVTL tower, and an increase in prices of 
0.018% per foot away from the tower out to 300 feet (Hamilton and Schwann, 1995), and 
maximum effects of -14% for homes within 50 feet of a HVTL, but no effect for similar homes 
at 150 feet (Des-Rosiers, 2002).  Further, for fossil fuel power plants, Davis (2008) finds average 
adverse effects of between 3 and 5% inside of two miles but that those effects fade entirely 
outside of that distance range.   
 
In addition to investigating how sales prices change with distance to a disamenity, hedonic 
models have been used to investigate how prices have changed over time.  For instance, sales 
prices have sometimes been found to rebound after the removal of a disamenity, such as a lead 
smelter (Dale et al., 1999), or to fade over time, as with HVTLs (Kroll and Priestley, 1992) or 
spent fuel storage facilities (Clark and Allison, 1999).  Finally, hedonic models have been used 
to estimate how views of a disamenity affect sales prices.  Des-Rosiers (2002), for example, 
finds that homes adjacent to a power line and facing a HVTL tower sell for as much as 20% less 
than similar homes that are not facing a HVTL tower.   
 

                                                                                                                                                             
characteristic information) and rigorous methodology, hedonic models can also be used as appraisal models.  
Automated valuation models cannot, however, be reliably used to measure marginal effects because they do not 
employ sufficient information to do so, and, more importantly, AVMs do not hold controlling characteristics 
constant, which could bias any resulting estimates of marginal effects.   
12 For further discussion of the hedonic model and its application to the quantification of environmental stigmas in 
comparison to other methods see Jackson (2005). 
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It is unclear how well the existing hedonic literature on other disamenities applies to wind 
turbines, but there are likely some similarities.  For instance, in general, the existing literature 
seems to suggest that concerns about lasting health effects provide the largest diminution in sales 
prices, followed by concerns for one’s enjoyment of the property, such as auditory and visual 
nuisances, and that all effects tend to fade with distance to the disamenity - as the perturbation 
becomes less annoying.  This might indicate that property value effects from wind turbines are 
likely to be the most pronounced quite close to them, but fade quickly as their auditory and 
visual impacts fade.  The existing hedonic literature also, in general, finds that effects fade with 
time as self-selecting buyers without prejudice towards the disamenity move into the area, or as 
the real or perceived risks of the disamenity are lessoned (Jackson, 2001).  This implies that any 
stigmas related to wind turbines might also fade over time as local communities come to accept 
their presence. 

2.2. Impacts of Wind Projects on Property Values 
Turning to the literature that has investigated the potential property value effects from wind 
facilities directly, it deserves note that few studies have been academically peer-reviewed and 
published; in some cases, the work has been performed for a party on one side or the other of the 
permitting process (e.g., the wind developer or an opposition group).  Nonetheless, at a minimum, 
a brief review of this existing literature will set the stage for and motivate the later discussion of 
the methods and results of the present work.   The literature described below is summarized in 
Table 1.  To frame this discussion, where possible, the three potential stigmas discussed earlier 
are used:  
• Area Stigma:  A concern that the general area surrounding a wind energy facility will appear 

more developed, which may adversely affect home values in the local community regardless 
of whether any individual home has a view of the wind turbines. 

• Scenic Vista Stigma:  A concern that a home may be devalued because of the view of a wind 
energy facility, and the potential impact of that view on an otherwise scenic vista.  

• Nuisance Stigma:  A concern that factors that may occur in close proximity to wind turbines, 
such as sound and shadow flicker, will have a unique adverse influence on home values. 

 
In one of the most recent studies, Sims et al. (2008) used a hedonic model to investigate Scenic 
Vista Stigma using 199 residential transactions within ¼ of a mile of the 16-turbine Bears Down 
wind facility in Cornwall, UK.  They found both large positive and smaller negative significant 
relationships between views of the turbines and sales prices depending on whether the view is 
seen from the front or rear of the home, respectively, but found no relationship between the 
number of wind turbines visible and sales prices.  Previously, Sims and Dent (2007) used a 
hedonic model to investigate Nuisance and Scenic Vista Stigma with 919 transactions for homes 
within five miles of two wind facilities in the UK, finding only limited evidence of a relationship 
between proximity to and views of turbines and sales prices, which local real estate experts 
attributed to other causes.  Hoen (2006) investigated Scenic Vista Stigma using a hedonic model 
to analyze 280 residential transactions occurring near a wind facility in Madison County, NY, 
and found no evidence that views of turbines significantly affects prices.  Jordal-Jorgensen 
(1996) investigated Nuisance Stigma in Denmark, and found an adverse effect for homes located 
“close” to the turbines, but no statistical significance was reported.13    

                                                 
13 A copy of this report could not be obtained and therefore its findings are reported based on other citations. 
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Using different statistical methods, Poletti (2005; 2007) used a t-Test to investigate Nuisance and 
Area Stigma by comparing the mean sales prices of 187 and 256 homes in Illinois and Wisconsin, 
respectively, located near wind facilities (target group) to those further away (control group).14, 15  
He split these target and control groups into respective smaller and more-homogenous sub-
groups, such as large and small tracts, with and without homes, finding no statistical evidence 
that homes near the wind facilities sold for different prices than those farther away.  Sterzinger et 
al. (2003) analyzed roughly 24,000 residential transactions, which were divided between those 
within five miles of a wind facility and those outside of five miles in an effort to assess Area 
Stigma.  They compared residential appreciation rates over time, and found no apparent 
difference between those homes within and outside of five miles from a wind facility, but the 
statistical significance of this comparison was not reported.   
 
Other authors have used smaller samples of residential transactions and a variety of simple 
statistical techniques, without reporting statistical significance, and have found a lack of 
evidence of effects from Nuisance Stigma (Jerabek, 2001; Jerabek, 2002; Beck, 2004) and Area 
Stigma (DeLacy, 2005; Goldman, 2006).  These results, however, are somewhat contrary to what 
one appraiser has found.  In his investigation of Nuisance Stigma around a wind facility in Lee 
County, IL, McCann (2008) found that two homes nearby a wind facility had lengthy selling 
periods that, he believes, also adversely affected transaction prices.  Additionally, Kielisch 
(2009) investigated Nuisance Stigma by comparing twelve transactions of undeveloped land near 
two wind facilities in Wisconsin (Blue Sky Green Field and Forward) to undeveloped land 
transactions farther away.  He found that land tracts near the wind facilities sold for dramatically 
lower prices ($/acre) than the comparable group, but the statistical significance of the 
comparison was not reported. 
   
In addition to these revealed preference studies, a number of stated preference surveys (e.g., 
contingent valuation) and general opinion surveys have investigated the existence of potential 
effects.16  A survey of local residents, conducted after the wind facilities were erected, found no 
evidence of Area Stigma (Goldman, 2006), while another found limited evidence of these 
stigmas (Bond, 2008).17   Similarly, some surveys of real estate experts conducted after facility 
                                                 
14 A t-Test is used to compare two sample means by discerning if one is significantly different from the other.    
15 The 2007 study used the data contained in the 2005 study in combination with new data consisting of transactions 
that occurred in the interim period. 
16 Contingent valuation is a survey based technique to value non-market goods (e.g., an environmental disamenity) 
that asks respondents what their “willingness to pay” (or “willingness to accept”) is to have, for instance, a 
disamenity removed from (or to have it remain in) their neighborhood.  This technique is distinct from a general 
opinion survey, which might ask whether respondents believe property values have been impacted by an 
environmental disamenity and, if so, “by how much.”  Although there are important distinctions between the two 
techniques, with the contingent valuation method often preferred by economic practitioners, for simplicity no 
distinction is made here between these two approaches.  Finally, another subset of the survey literature focuses on 
public acceptance (i.e., opinion).  Though these public acceptance surveys sometimes cover possible impacts on 
property values, those impacts are not quantified in economic terms.  As a result, public acceptance survey results 
are not reported here.  
17 Bond (2008) asked respondents to declare if the wind facility, which is located roughly 7 miles away, would effect 
what they would be willing to pay for their house and 75% said either they would pay the same or more for their 
house, while the remainder would pay less.  When those latter respondents were asked to estimate the percentage 
difference in value, their estimates averaged roughly 5%. 
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construction have found no evidence of Area or Nuisance Stigmas (Grover, 2002; Goldman, 
2006).  These results, however, are contrary to the expectations for Area, Scenic Vista, and 
Nuisance Stigma effects predicted by local residents (Haughton et al., 2004; Firestone et al., 
2007) and real estate experts (Haughton et al., 2004; Khatri, 2004; Kielisch, 2009) prior to 
construction found elsewhere.18  The difference between predicted and actual effects might be 
attributable, at least in part, to the fear of the unknown.  For instance, Wolsink (1989) found that 
public attitudes toward wind power, on average, are at their lowest for local residents during the 
wind project planning stage, but return almost to pre-announcement levels after the facilities are 
built.  This result is echoed by Exeter-Enterprises-Ltd. (1993) and Palmer (1997), whose post-
construction surveys found higher approval than those conducted pre-construction.  Others, 
however, have found that perceptions do not always improve, attributing the lack of 
improvement to the perceived “success” or lack therefore of the project, with strong disapproval 
forming if turbines sit idle (Thayer and Freeman, 1987) or are perceived as a waste of taxpayer 
dollars (Devine-Wright, 2004). 
 
When this literature is looked at as a whole, it appears as if wind projects have been predicted to 
negatively impact residential property values when pre-construction surveys are conducted, but 
that sizable, widespread, and statistically significant negative impacts have largely failed to 
materialize post-construction when actual transaction data become available for analysis.  The 
studies that have investigated Area Stigma with market data have failed to uncover any pervasive 
effect.  Of the studies focused on Scenic Vista and Nuisance Stigmas, only one is known to have 
found statistically significant adverse effects, yet the authors contend that those effects are likely 
driven by variables omitted from their analysis (Sims and Dent, 2007).  Other studies that have 
relied on market data have sometimes found the possibility of negative effects, but the statistical 
significance of those results have rarely been reported. 
 
Despite these findings, the existing literature leaves much to be desired.  First, many studies have 
relied on surveys of homeowners or real estate professionals, rather than trying to quantify real 
price impacts based on market data.  Second, a number of studies conducted rather simplified 
analyses of the underlying data, potentially not controlling for the many drivers of residential 
sales prices.  Third, many of the studies have relied upon a very limited number of residential 
sales transactions, and therefore may not have had an adequate sample to statistically discern any 
property value effects, even if effects did exist. Fourth, and perhaps as a result, many of the 
studies did not conduct, or at least have not published, the statistical significance of their results.  
Fifth, when analyzed, there has been some emphasis on Area Stigma, and none of the studies 
have investigated all three possible stigmas simultaneously.  Sixth, only a few of the studies 
(Hoen, 2006; Sims and Dent, 2007; Sims et al., 2008; Kielisch, 2009) conducted field visits to 
the homes to assess the quality of the scenic vista from the home, and the degree to which the 
wind facility might impact that scenic vista.  Finally, with two exceptions (Sims and Dent, 2007; 
Sims et al., 2008), none of the studies have been academically peer-reviewed and published.  
 
 

                                                 
18 It should be noted that the samples used by both Khatri and Kielisch contained a subset of respondents who did 
have some familiarity with valuing homes near wind facilities. 

Exhibit A1-K

 
007502

ADMINISTRATIVE RECORD - Scan 8 - Page 206 of 299

- Page 2676 -



 

 9 

Table 1: Summary of Existing Literature on Impacts of Wind Projects on Property Values 

  

Document Type       
Author(s) Year

 Number of 
Transactions 

or Respondents

Before or After 
Wind Facility 
Construction 
Commenced

Area 
Stigma

Scenic 
Vista 

Stigma
Nuisance 
Stigma

Haughton et al. 2004 501 Before - * - *
Goldman 2006 50 After none
Firestone et al. 2007 504 Before - * - *
Bond 2008 ~300 After - ? - ?

Grover 2002 13 After none none
Haughton et al. 2004 45 Before - * - *
Khatri 2004 405 Before‡ - ? - ?
Goldman 2006 50 After none none
Kielisch 2009 57 Before‡ - ?

Jerabek 2001 25 After none
Jerabek 2002 7 After none
Sterzinger et al. 2003 24,000 After none
Beck 2004 2 After none
Poletti 2005 187 After none none
DeLacy 2005 21 Before† none
Goldman 2006 4 After none
Poletti 2007 256 After none none
McCann 2008 2 After - ?
Kielisch 2009 103 After - ?

Jordal-Jorgensen 1996 ? After - ?
Hoen 2006 280 After none
Sims & Dent 2007 919 After - *
Sims et al. 2008 199 After -/+ *

Homeowner Survey

Expert Survey

Transaction Analysis - Simple Statistics

Transaction Analysis - Hedonic Model

" none " indicates the majority of the respondents do not believe properties have been affected (for surveys) 
or that no effect was detected at 10% significance level (for transaction analysis)

"- ?" indicates a negative effect without statistical significance provided

"- *" indicates statistically significant negative effect at 10% significance level

"-/+ *" indicates positive and negative statistically significant effects at 10% significance level
†  Sales were collected after facility announcement but before construction
‡  Some respondents had experience with valuations near facilities while others did not  
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3. Data Overview 
The methods applied in the present work are intended to overcome many of the limitations of the 
existing literature.  First, a large amount of data is collected from residential transactions within 
10 miles of 24 different wind projects in the U.S., allowing for a robust statistical analysis across 
a pooled dataset that includes a diverse group of wind project sites.  Second, all three potential 
stigmas are investigated by exploring the potential impact of wind projects on home values based 
both on the distance to and view of the projects from the homes.  Third, field visits are made to 
every home in the sample, allowing for a solid assessment of the scenic vista enjoyed by each 
home and the degree to which the wind facility can be seen from the home, and to collect other 
value-influencing data from the field (e.g., if the home is situated on a cul-de-sac).  Finally, a 
number of hedonic regression models are applied to the resulting dataset, as are repeat sales and 
sales volume analyses, in order to assess the robustness of the results. 
 
Testing for the three potential stigmas requires a significant sample of residential transactions 
within close proximity to existing wind facilities. Unfortunately for the study, most wind power 
projects are not located near densely populated areas.  As a result, finding a single wind project 
site with enough transaction data to rigorously analyze was not possible.  Instead, the approach 
was to collect data from multiple wind project sites, with the resulting data then pooled together 
to allow for robust statistical analyses.19  The remainder of this section describes the site 
selection process that is used, and provides a brief overview of both the selected study areas and 
the data that were collected from these areas.  Also provided is a description of how scenic vista, 
views of turbines, and distances from turbines were quantified for use in the hedonic analysis, 
and a summary of the field data collection effort.  The section ends with a brief summary of the 
resulting dataset.  

3.1. Site Selection 
For the purpose of this study, an ideal wind project area would:  
1) Have a large number of residential transactions both before and, more importantly, after wind 

facility construction, and especially in close proximity (e.g., within 2 miles) of the facility;  
2) Have comprehensive data on home characteristics, sales prices, and locations that are readily 

available in electronic form; and  
3) Be reasonably representative of the types of wind power projects being installed in the 

United States.  
 
To identify appropriate sites that met these criteria, and that also provided a diversity of locations, 
the authors obtained from Energy Velocity, LLC a set of Geographic Information System (GIS) 
coordinates representing 241 wind projects in the U.S. that each had a total nameplate capacity 
greater than 0.6 megawatts (MW) and had gone online before 2006.20  Also provided were 
facility capacity, number of turbines, and announcement, construction, and operational dates.  
These data were cross-checked with a similar dataset provided by the American Wind Energy 
Association (AWEA), which also included some turbine hub-height information.   

                                                 
19 A thorough discussion of this “pooled” approach is contained in Section 4.2 and in Appendix F. 
20 Energy Velocity, LLC was owned at the time by Global Energy Decisions, which was later purchased by Ventyx.  
The dataset is available as Velocity Suite 2008 from Ventyx. 
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By using a variety of different GIS sorting techniques involving nearby towns with populations 
greater than, for example, 2,500 people, using census tract population densities, and having 
discussions with wind energy stakeholders, a prospective list of 56 possible study areas was 
generated, which were then ranked using two scales: “highly desirable” to “least desirable,” and 
“feasible” to “potentially unfeasible.”21  Then, through an iterative process that combined calls to 
county officials to discuss the number of residential transactions and data availability, with 
investigations using mapping software to find the location of individual wind turbines, and, in 
some cases, preliminary visits, a list of 17 prospective study areas were chosen as both “highly 
desirable” and “feasible.”  Ultimately, three of these proved to be “unfeasible” because of data 
availability issues and four “undesirable” because the study area was considered not 
representative.  This effort ultimately resulted in a final set of ten study areas that encompass a 
total of 24 distinct wind facilities (see Figure 1 and Table 2).22  A full description of each study 
area is provided in Appendix A.   

                                                 
21 “Desirability” was a combination of a number of factors: the wind facility having more than one turbine; the study 
area having greater than 350 sales within 5 miles and within 10 years, 250 of which transacted following 
construction of the facility; having some transaction data old enough to pre-date facility announcement; having data 
on the core home and site characteristics (e.g., square feet, acres); and, where possible, having a concentration of 
sales within 1 mile of the facility.  “Feasibility” was also a combination of factors: having home characteristic and 
sales data in electronic form; having GIS shapefiles of the parcel locations; and being granted ready access to this 
information.   
22 The “unfeasible” study areas were Cerro Gordo County, IA, Bennington County, VT, and Atlantic County, NJ.  
Cerro Gordo County, IA contained multiple wind projects totaling 140 MW.  Although the data at this site were 
available in electronic form, the county only agreed to share data in paper form, which would have created an 
enormous data entry burden.  Because another site in the sample was considered similar to the Cerro Gordo site 
(IABV), Cerro Gordo County was dropped from the prospective sites.  Bennington County, VT contained the 11 
turbine Searsburg Wind Project (6 MW) but had no electronic records.  Atlantic County, NJ contained the five 
turbine Jersey Atlantic Wind Farm (7.5 MW), but had data in paper records only and the county was unresponsive to 
inquiries regarding the study.  The “undesirable” study areas were Plymouth County, MA, Wood County, OH, 
Cascade County, MT, and Riverside County, CA.  Although the data in Plymouth County, MA were more than 
adequate, this small, on-land, yet coastal Hull Wind facility (2 turbines, 2.5 MW) was not considered to be 
particularly representative of wind development across the US.  Wood County’s four turbine Bowling Green facility 
(7 MW) met the appropriate data requirements, but ultimately it was decided that this facility was too small and 
remote to be representative.  Cascade County’s six turbine Horseshoe Bend Wind Park (9 MW) did not have enough 
transactions to justify study.  Riverside, CA, where roughly 2500 turbines are located, had less-than-desired home 
characteristic data, had transactions that came more than 10 years after large scale development began, and despite 
having homes that were within 1 mile of the turbines, those homes typically had limited views because of high 
subdivision walls. 
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Figure 1: Map of Study Areas and Potential Study Areas 

 
 

Table 2: Summary of Study Areas 

Study Area 
Code Study Area Counties, States Facility Names

Number 
of 

Turbines

Number 
of MW

Max Hub 
Height 

(meters)

Max Hub 
Height 
(feet)

WAOR
Benton and Walla Walla Counties, 
WA and Umatilla County, OR

Vansycle Ridge, Stateline, 
Nine Canyon I & II, 
Combine Hills

582 429 60 197

TXHC Howard County, TX Big Spring I & II 46 34 80 262
OKCC Custer County, OK Weatherford I & II 98 147 80 262

IABV Buena Vista County, IA Storm Lake I & II, 
Waverly, Intrepid I & II 381 370 65 213

ILLC Lee County, IL Mendota Hills, GSG Wind 103 130 78 256
WIKCDC Kewaunee and Door Counties, WI Red River, Lincoln 31 20 65 213

PASC Somerset County, PA Green Mountain, Somerset, 
Meyersdale 34 49 80 262

PAWC Wayne County, PA Waymart 43 65 65 213
NYMCOC Madison and Oneida Counties, NY Madison 7 12 67 220
NYMC Madison County, NY Fenner 20 30 66 218

TOTAL 1345 1286  
 
These 10 study areas and 24 projects are located in nine separate states, and include projects in 
the Pacific Northwest, upper Midwest, the Northeast, and the South Central region.  The wind 
projects included in the sample total 1,286 MW, or roughly 13% of total U.S. wind power 
capacity installed at the time (the end of 2005).  Turbine hub heights in the sample range from a 
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minimum of 164 feet (50 meters) in the Washington/Oregon (WAOR) study area, to a maximum 
of 262 (80 meters) (TXHC, OKCC and PASC), with nine of the ten study areas having hub 
heights of at least 213 feet (65 meters).  The sites include a diverse variety of land types, 
including combinations of ridgeline (WAOR, PASC, and PAWC), rolling hills (ILLC, WIKCDC, 
NYMCOC, and NYMC), mesa (TXHC), and windswept plains (OKCC, IABV).23 

3.2. Data Collection 
In general, for each study area, residential transaction data in as close proximity to the wind 
turbines as possible was sought, from both before and after wind facility construction.  To 
balance the cost and quantity of data collection in each study area with the desire to cover as 
many study areas as possible, the research effort sought to collect data on 400 to 1,250 
transactions in each study area.24  In some instances, this meant including all residential 
transactions within ten miles of the wind turbines.  In others, only transactions within five miles 
were included.  In some extreme instances, when the number of transactions inside of five miles 
far exceeded the 1,250 limit, all transactions in close proximity to the wind turbines (e.g., inside 
three miles) were included in combination with a random sample of transactions outside of that 
distance band (e.g., between three and five miles).25 The data selection processes for each Study 
Area are contained in Appendix A. 
 
Three primary sets of data are used in the analysis: tabular data, GIS data, and field data, each of 
which is discussed below.  Following that, this subsection highlights the two qualitative variables 
that are essential to this analysis and that therefore require special attention, scenic vista and 
views of turbines, and then discusses the field data collection process.  

3.2.1. Tabular Data 
Berkeley Lab obtained tabular transaction data from participating counties26 containing 7,459 
“valid” 27 transactions of single family residential homes, on less than 25 acres,28 which were 

                                                 
23 Some areas, such as PASC, had both a ridgeline and rolling hills on which wind facilities were located. 
24 This range was chosen to ensure that a minimum of data were present in each study area to allow for a robust 
analysis, and yet not too much so as to make data collection (e.g., the visiting of each home) inordinately time and 
resource consuming in any individual study area. 
25 An alternative method would have been to collect data on every sale that occurred.  Although in most cases this 
would be preferred, in ours it would not have added one additional transaction within close proximity or with 
dramatic views of wind turbine, the focus of the study.  Rather, it would have added an overwhelming majority of 
transactions of homes without views and at distances outside of three miles from the turbines, all of which would 
have come at considerably cost and, more importantly, would not likely have influenced the results significantly 
while perhaps necessitating a reduction in the total number of study areas that could be included in the sample.   
26 In some cases, the county officials, themselves, extracted data from their database, and in some cases a company 
engaged to manage a county’s data provided the necessary information.  In either case the provider is referred to as 
“county.”  Detailed descriptions of the providers are presented in Appendix A. 
27 Validity was determined by each individual county data provider.  A sale that is considered “valid” for county 
purposes would normally meet the minimum requirements of being arm’s length; being a transfer of all rights and 
warrants associated with the real estate; containing an insignificant amount of personal property so as not to affect 
the price; demonstrating that neither party in the sale acting under duress or coercion; not being the result of a 
liquidation of assets or any other auction, a mortgage foreclosure, a tax sale, or a quit claim; and being appropriate 
for use in calculating the sales price to assessed value ratios that are reported to the state.  Due to the formal 
requirements associated with this calculation, “validity” is often defined by a state’s Department of Revenue, as 
shown, for example, here: http://www.orps.state.ny.us/assessor/manuals/vol6/rfv/index.htm.  In addition, though the 

Exhibit A1-K

 
007507

ADMINISTRATIVE RECORD - Scan 8 - Page 211 of 299

- Page 2681 -



 

 14 

sold for a price of more than $10,000,29 which occurred after January 1, 1996,30 and which had 
fully populated “core” home characteristics.  These core characteristics are:  number of square 
feet of the living area (not including finished basement), acres of land, bathrooms, and fireplaces, 
the year the home was built,31 if the home had exterior wallsthatwere stone, a central air 
conditioning unit, and/or a finished basement, and the exterior condition of the home.  The 7,459 
residential transactions in the sample consist of 6,194 homes (a number of the homes in the 
sample sold more than once in the selected study period).  Because each transaction had a 
corresponding set of the core home characteristic data, they could all be pooled into a single 
model.  In addition to the home characteristic data, each county provided, at a minimum, the 
home’s physical address and sales price.  The counties often also provided data on homes in the 
study area that did not sell in the study period.32  Finally, market-specific quarterly housing 
inflation indexes were obtained from Freddie Mac, which allowed nominal sales prices to be 
adjusted to 1996 dollars.33 

                                                                                                                                                             
sample originally contained 7,498 sales, 34 homes sold twice in a 6 month period and, after discussions with local 
officials, these transactions were considered likely to have been “invalid” despite the county coding them to the 
contrary.  Additionally, five transactions produced standardized residuals that were more than six standard 
deviations away from the mean, indicating that these sales were abnormal and likely not valid.  Both of these sets of 
transactions, totaling 39, were removed from the final dataset.  Of the 39 sales, 32 sold following construction, 10 
were concentrated in IABV and nine in TXHC with the others spread between seven of the remaining eight study 
areas.  One of the homes was inside of one mile from the turbines at the time of sale, and two had views of the 
turbines (both of which were MINOR).  The home that was located within one mile was surrounded by a number of 
other homes – at similar distances from the turbines - that transacted both before and after the wind facilities were 
built and were included in the sample.  A more thorough discussion of the screening techniques used to ensure the 
appropriateness of the final data set are presented in detail in Appendix G under “Outliers/Influencers.”  Finally, it 
should be noted that the authors are aware of four instances in the study areas when homes were sold to wind 
developers.  In two cases the developer did not resell the home; in the other two, the developer resold the home at a 
lower price than which it was purchased.  But, because the sales were to a related party, these transactions were not 
considered “valid’ and are therefore not included here. One might, however, reasonably expect that the property 
values of these homes were impacted by the presence of the wind turbines. 
28 Single family residences on more than 25 acres were considered to be likely candidates for alternative uses, such 
as agricultural and recreational, which could have an influence on sales price that was outside of the capabilities of 
the model to estimate.  Because all records were for parcels that contained a residence, the model did not contain 
any “land-only” transactions.  Further, none of the transactions provided for this research were for parcels on which 
a turbine was located. 
29 A sales price of $10,000 was considered the absolute minimum amount an improved parcel (one containing a 
residential structure) would sell for in any of the study areas and study periods.  This provided an additional screen 
over and above the “valid” screen that the counties performed.  
30 This provided a maximum of 12 years of data.  Some counties did not have accessible data back to 1996 but in all 
cases these countries had data on transactions that occurred before the wind facilities were erected. 
31 “Year Built” was used to construct a variable for the age of the home at the time of the sale.   
32 These data were used to calculate the “Sales Volume” percentages referred to in Section 7. 
33 Freddie Mac Conventional Mortgage Home Price Index: municipal statistical area (MSA) series data are available 
from the following site: http://www.freddiemac.com/finance/cmhpi/.  Because most of the study areas do not fall 
within the MSAs, a collection of local experts was relied upon, including real estate agents, assessors, and 
appraisers, to decide which MSA most-closely matched that of the local market.  In all cases the experts had 
consensus as to the best MSA to use.  In one case (NYMCOC) the sample was split between two MSAs.  These 
indexes are adjusted quarterly, and span the entire sample period.  Therefore, during the housing boom, insofar as a 
boom occurred in the sample areas, the indexes increased in value.  Subsequently when the market began falling, the 
index retracted. 
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3.2.2. GIS Data 
GIS data on parcel location and shape were also required, and were obtained from the counties.  
The counties also often provided GIS layers for roads, water courses, water bodies, wind turbines 
(in some cases), house locations, and school district and township/town/village delineations.  
GIS data on census tract and school district delineations were obtained from the U.S. Census 
Bureau, if not provided by the county.34  GIS data were obtained on water courses, water bodies, 
land elevations, and satellite imagery, as was necessary, from the U.S. Department of 
Agriculture.35  Combined, these data allowed each home to be identified in the field, the 
construction of a GIS layer of wind turbine locations for each facility, and the calculation of the 
distance from each home to the nearest wind turbine.36  Determining the distance from each 
home to the nearest wind turbine was a somewhat involved process, and is discussed in detail in 
Appendix B.  Suffice it to say that each transaction had a unique distance (“DISTANCE”)37 that 
was determined as the distance between the home and nearest wind turbine at the time of sale, 
and that these distances are grouped into five categories: inside of 3000 feet (0.57 miles), 
between 3000 feet and one mile, between one and three miles, between three and five miles, and 
outside of five miles.38  Finally, the GIS data were used to discern if the home was situated on a 
cul-de-sac and had water frontage, both of which were corroborated in the field. 

3.2.3. Field Data 
Additional data had to be collected through field visits to all homes in the sample.  Two 
qualitative measures in particular – for scenic vista and for view of the wind turbines – are worth 
discussing in detail because each is essential to the analysis and each required some amount of 
professional judgment in its creation.   
 
The impact or severity of the view of wind turbines (“VIEW”) 39 may be related to some 
combination of the number of turbines that are visible, the amount of each turbine that is visible 
(e.g., just the tips of the blades or all of the blades and the tower), the distance to the nearest 
turbines, the direction that the turbines are arrayed in relation to the viewer (e.g., parallel or 
perpendicular), the contrast of the turbines to their background, and the degree to which the 
turbine arrays are harmoniously placed into the landscape (Gipe, 2002).  Recent efforts have 
made some progress in developing quantitative measures of the aesthetic impacts of wind 
turbines (Torres-Sibillea et al., 2009),40 but, at the time this project began, few measures had 
                                                 
34 These data were sourced from the U.S. Census Bureau’s Cartographic Boundary Files Webpage: 
http://www.census.gov/geo/www/cob/bdy_files.html.  
35 These data were sourced from the USDA Geospatial Data Gateway: 
http://datagateway.nrcs.usda.gov/GatewayHome.html.  
36 Although in some cases the county provided a GIS layer containing wind turbine points, often this was not 
available.  A description of the turbine mapping process is provided in Appendix B. 
37 Distance measures are collectively and individually referred to as “DISTANCE” from this point forward. 
38 The minimum distance of “inside 3000 feet” was chosen because it was the closest cutoff that still provided an 
ample supply of data for analysis. 
39 View of turbines ratings are collectively and individually referred to as “VIEW” from this point forward. 
40 In addition to these possible field techniques, previous studies have attempted to use GIS to estimate wind turbine 
visibility using “line-of-sight” algorithms.  For example, Hoen (2006) used these algorithms after adding ground 
cover to the underlying elevation layer.  He found that the GIS method differed substantially from the data collected 
in the field.  Seemingly, small inaccuracies in the underlying elevation model, errors in the software’s algorithm, and 
the existence of ground cover not fully accounted for in the GIS, substantially biased GIS-based assessments of 
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been developed, and what had been developed was difficult to apply in the field (e.g., Bishop, 
2002).  As a result, the authors opted to develop an ordered qualitative VIEW rating system that 
consisted of placing the view of turbines into one of five possible categories: NO VIEW, 
MINOR, MODERATE, SUBSTANTIAL, and EXTREME.  These ratings were developed to 
encompass considerations of distance, number of turbines visible, and viewing angle into one 
ordered categorical scale, and each rating is defined in Table 3:41 

Table 3: Definition of VIEW Categories 

NO VIEW The turbines are not visible at all from this home.

MINOR VIEW
The turbines are visible, but the scope (viewing angle) is narrow, there are 
many obstructions, or the distance between the home and the facility is 
large.   

MODERATE VIEW
The turbines are visible, but the scope is either narrow or medium, there 
might be some obstructions, and the distance between the home and the 
facility is most likely a few miles.

SUBSTANTIAL VIEW
The turbines are dramatically visible from the home.  The turbines are 
likely visible in a wide scope and most likely the distance between the 
home and the facility is short.

EXTREME VIEW

This rating is reserved for sites that are unmistakably dominated by the 
presence of the wind facility.  The turbines are dramatically visible from 
the home and there is a looming quality to their placement.  The turbines 
are often visible in a wide scope or the distance to the facility is very 
small.

Photographic examples of each of the categories are contained in Appendix E.  
 

                                                                                                                                                             
visibility.  This was corroborated elsewhere by Maloy and Dean (2001) and Riggs and Dean (2007).  As a result of 
these findings, it was determined that field collection of VIEW data was essential. 
41In addition to the qualitative rating system that was ultimately used in this study, a variety of quantitative data 
were collected that might describe the nature of the view of wind turbines, including the total number of turbines 
visible, the distance of the home to the nearest wind turbine, and the view scope/viewing angle (i.e., the degree to 
which the turbines spread out in front of the home: narrow, medium, or wide).  To explore the validity of the 
qualitative rating scale two tests were conducted.  First, a pre-study survey was conducted by showing 10 different 
off-site respondents 15 randomly selected photographs from the field representing the various rated VIEW 
categories. The higher VIEW ratings were oversampled to create a roughly equal distribution among the categories.  
The respondents rated the views into one of the qualitative categories.  The on-site / field collected ratings matched 
the off-site responses 65% of the time, with 97% of the rankings differing by no more than one category.  Ninety-
eight percent of the on-site-ranked MINOR VIEWs and 89% of the EXTREME VIEWs were similarly ranked by 
off-site respondents.  The on-site rankings were less than the off-site rankings 97% of the time; it is assumed that 
this is because on-site ratings took into account a greater portion of the panorama than were captured in the photos, 
which translated into a lower ranking.  Secondly, a post hoc Multinomial Logistic Regression model was created 
that used the qualitative on-site VIEW ratings as the dependent variable and the quantitative measures of distance to 
nearest turbine, number of turbines visible, and view scope as the independent variables.  This model produced high 
Pseudo R2 statistics (Cox and Snell 0.88, Nagelkerke 0.95, and McFadden 0.79) and predicted values that were 
highly correlated with the actual qualitative rating (Pearson’s 0.88).  Therefore, both tests corroborated the 
appropriateness of the simpler qualitative VIEW rankings used herein.  
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In addition to the qualitative VIEW measurements, a rating for the quality of the scenic vista 
(“VISTA”)42 from each home, absent the existence of the wind facilities, was also collected in 
the field.  An assessment of the quality of the VISTA from each home was needed because 
VIEW and VISTA are expected to be correlated; for example, homes with a PREMIUM VISTA 
are more likely to have a wide viewing angle in which wind turbines might also be seen.  
Therefore, to accurately measure the impacts of the VIEW of wind turbines on property values a 
concurrent control for VISTA (independent of any views of turbines) is required.  Drawing 
heavily on the landscape-quality rating system developed by Buhyoff et al. (1994) and to a lesser 
degree on the systems described by others (Daniel and Boster, 1976; USDA, 1995), an ordered 
VISTA rating system consisting of five categories was developed: POOR, BELOW AVERAGE, 
AVERAGE, ABOVE AVERAGE, and PREMIUM, with each rating defined in Table 4:43 

Table 4: Definition of VISTA Categories 

POOR VISTA
These vistas are often dominated by visually discordant man-made 
alterations (not considering turbines), or are uncomfortable spaces for 
people, lack interest, or have virtually no recreational potential.

BELOW AVERAGE VISTA

These scenic vistas contain visually discordant man-made alterations (not 
considering turbines) but are not dominated by them.  They are not inviting 
spaces for people, but are not uncomfortable.  They have little interest or 
mystery and have minor recreational potential.

AVERAGE VISTA

These scenic vistas include interesting views that can be enjoyed often only 
in a narrow scope. These vistas may contain some visually discordant man-
made alterations (not considering turbines), are moderately comfortable 
spaces for people, have some interest, and have minor recreational potential.

ABOVE AVERAGE VISTA

These scenic vistas include interesting views that often can be enjoyed in a 
medium to wide scope.  They might contain some man-made alterations (not 
considering turbines), yet still possess significant interest and mystery, are 
moderately balanced and have some potential for recreation.

PREMIUM VISTA

These scenic vistas would include "picture postcard" views that can be 
enjoyed in a wide scope.  They are often free or largely free of any discordant 
man made alterations (not considering turbines), possess significant interest, 
memorable qualities, and mystery and are well balanced and likely have a 
high potential for recreation.

Photographic examples of each of the categories are contained in Appendix D.  
 

                                                 
42 Scenic vista ratings are individually and collectively referred to as “VISTA” from this point forward. 
43 The appropriateness of these rankings were tested in two ways.  First, a set of 34 pictures taken on-site and 
representing various categories of VISTA were shown to 10 off-site respondents who were asked to rank them using 
the same categories, and then explain why they rated them as such.  Although the off-site ratings matched the on-site 
ratings only 51% of the time, 94% of on- and off-site rankings differed by no more than one category, with 17% of 
the off-site rankings below the on-site and 26% ranked above.  The descriptions of why the rankings where chosen 
by the off-site respondents illuminated the fact that off-site ratings did not take into account a number of aspects that 
were not adequately captured in the photos, but that were apparent in the field.  This finding was borne out by a 
second test that had five individuals visit seven homes in the field to rank their scenic vistas.  When all respondents 
were on-site, they similarly ranked the vista 72% of the time, with a rankingthat differed by no more than one 
category occurring one hundred percent of the time.   
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In addition to the VIEW and VISTA ratings, it was assumed that the orientation of the home to 
the view of turbines (e.g., front, back, or side) (“ORIENTATION”), and the degree to which the 
view of the turbines overlapped the primary scenic vista (e.g., not at all, barely, somewhat or 
strongly) (“OVERLAP”), might influence residential property values.  As such, information on 
ORIENTATION and OVERLAP were also collected in the field.   

3.2.4. Field Data Collection 
Field data collection was conducted on a house-by-house basis.  Each of the 6,194 homes was 
visited by the same individual to remove bias among field ratings.  Data collection was 
conducted in the fall of 2006, and the spring, summer, and fall of 2007 and 2008.  Each house 
was photographed and, when appropriate, so too were views of turbines and the prominent scenic 
vista.44  Data on VIEW were collected only for those homes that sold after at least one wind 
power facility had been erected in the study area.  When multiple wind facilities, with different 
construction dates, were visible from a home, field ratings for VIEW were made by taking into 
account which turbines had been erected at the time of sale.  Additionally, if the season at the 
time of sale differed from that of data collection and, for example, if leaves were off the trees for 
one but on for the other, an effort was made to modulate the VIEW rating accordingly if 
necessary.45   
 
Both VIEW and VISTA field ratings were arrived at through a Q-Sort method (Pitt and Zube, 
1979), which is used to distinguish relatively similar rankings.  For views of turbines, the rater 
first determined if the ranking was MINOR or EXTREME.  If neither of these two rankings was 
appropriate, then only a choice between MODERATE and SUBSTANTIAL was required.  
Similarly, for VISTA rankings, first POOR and PREMIUM were distinguished from the others; 
if neither applied then BELOW AVERAGE or ABOVE AVERAGE could be selected.  If 
neither of those were appropriate the VISTA, by default, was considered AVERAGE.  In all 
cases, if wind turbines were visible from the home, the VISTA rankings were made as if those 
turbines did not exist. 

3.3. Data Summary 
The final dataset consists of 7,459 valid and screened residential transactions occurring between 
January 2, 1996 and June 30, 2007.  Those transactions are arrayed across time and the ten wind 
project study areas as shown in Table 5.  The sample of valid residential transactions ranges from 
412 in Lee County, Illinois (ILLC) to 1,311 in Howard County, Texas (TXHC).46  Of the total 
7,459 transactions, 4,937 occurred after construction commenced on the relevant wind facilities.  
More specifically, 23% of the transactions (n=1,755) took place before any wind facility was 
announced and 10% occurred after announcement but before construction commenced (n=767), 

                                                 
44 In many cases the prominent VISTA was homogenous across groups of home, for instance urban homes on the 
same road.  In those cases a picture of the VISTA of one home was applied to all of the homes. All pictures were 
taken with a Canon EOS Rebel XTi Single Lens Reflex Camera with a 18-55mm lens.  VIEW and VISTA pictures 
were taken with the lens set to 18mm, with the camera at head height, and with the center of the camera pointed at 
the center of the prominent VISTA or VIEW.  Examples of the various VISTA and VIEW categories are contained 
in Appendices D and E respectively. 
45 This “modulation” occurred only for trees in the foreground, where, for instance, a single tree could obscure the 
view of turbines; this would not be the case for trees nearer the horizon. 
46 See description of “valid” in footnote 27 on page 13. 
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with the rest of the transactions occurring after construction commenced (66%, n=4,937).47  Of 
that latter group, 17% (n=824, 11% of total) sold in the first year following the commencement 
of construction, 16% in the second year (n=811, 11% of total), and the remainder (67%) sold 
more than two years after construction commenced (n=3,302, 44% of total).   

Table 5: Summary of Transactions across Study Areas and Development Periods 

Pre 
Announcement

Post 
Announcement 

Pre 
Construction

1st Year 
After 

Construction

2nd Year 
After 

Construction

2+ Years 
After 

Construction
Total

Benton/Walla Walla, WA & Umatilla, 
OR (WAOR)

226 45 76 59 384 790

Howard, TX (TXHC) 169 71 113 131 827 1311
Custer, OK (OKCC) 484 153 193 187 96 1113
Buena Vista, IA (IABV) 152 65 80 70 455 822
Lee, IL (ILLC) 115 84 62 71 80 412
Kewaunee/Door, WI (WIKCDC) 44 41 68 62 595 810
Somerset, PA (PASC) 175 28 46 60 185 494
Wayne, PA (PAWC) 223 106 64 71 87 551
Madison/Oneida, NY (MYMCOC) 108 9 48 30 268 463
Madison, NY (NYMC) 59 165 74 70 325 693

TOTAL 1755 767 824 811 3302 7459  
 
A basic summary of the resulting dataset, including the many independent variables used in the 
hedonic models described later, is contained in Table 6 and Table 7.  These tables present 
summary information for the full dataset (7,459 transactions) as well as the post-construction 
subset of that dataset (4,937 transactions); the latter is provided because much of the analysis that 
follows focuses on those homes that sold after wind facility construction.  The mean nominal 
residential transaction price in the sample is $102,968, or $79,114 in 1996 dollars.  The average 
house in the sample can be described as follows: it is 46 years old, has 1,620 square feet of 
finished living area above ground, is situated on 1.13 acres, has 1.74 bathrooms, and has a 

                                                 
47 The announcement date (as well as construction and online dates) was provided by Energy Velocity with the GIS 
files as described in footnote 20 on page 10.  The date corresponds to the first time the facility appears in the public 
record, which was often the permit application date.  This constitutes the first well established date when the 
existing wind facility would have been likely known by the public, and therefore is appropriate to use for this 
analysis, but there remain a number of areas for potential bias in this date.  First, the permit application date might 
be preceded by news reports of the impending application; alternatively, if the public record was not published 
online (that Energy Velocity used to establish their date), the “announcement” date – as used here - could, in fact, 
follow the permit application date.  To address this, when possible, the authors had discussions with the developer of 
the facility.  In most cases, the Energy Velocity dates were found to be accurate, and when they were not they were 
adjusted to reflect the dates provided by the developer.  A second potential source of bias is the possibility that a 
different project was proposed but never built, but that influenced the residential market in the study area prior to the 
“announcement” date.  Although this is likely rarer, we are aware of at least a few projects that fit that description in 
the study areas.  A final source of bias might revolve around the likelihood that awareness of a project could occur 
even before the facility is formally announced.  For example, a community member might know that a wind facility 
is being considered because they had been approached by the wind development company well ahead of a public 
announcement.  In turn, they might have had private discussions regarding the facility with other members of the 
community.  Taken together, it is appropriate to assume that there is some bias in the “announcement” date, and that 
awareness of the project might precede the date used in this analysis.  How this bias might affect the results in this 
report is addressed further in Section 5.3 and footnote 74 on page 38. 

Exhibit A1-K

 
007513

ADMINISTRATIVE RECORD - Scan 8 - Page 217 of 299

- Page 2687 -



 

 20 

slightly better than average condition.48  Within the full sample, 6% and 58% of homes had a 
poor or below average VISTA rating, respectively; 26% of homes received an average rating on 
this scale, with 9% above average and 2% experiencing premium vistas (see Figure 2).   

Figure 2: Frequency of VISTA Ratings for All and Post-Construction Transactions 
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With respect to the variables of interest, among the post-construction subset of 4,937 transactions, 
the frequency of the DISTANCE categories is found to follow geometry with the smallest 
numbers of transactions occurring near the wind turbines and ever increasing numbers further 
away (see Figure 3).  67  transactions (1%) are situated inside of 3,000 feet (< 0.57 Miles), 58 
(1%) are between 3,000 feet and one mile (0.57-1 mile), 2,019 (41%) occur outside of one mile 
but inside of three miles (1-3 miles), 1,923 (39%) occur between three and five miles (3-5 miles), 
and 870 (18%) occur outside of five miles (>5 miles).49 In this same post-construction group, a 
total of 730 homes that sold (15%) have a view of the wind turbines (see Figure 4).  A large 
majority of those homes have MINOR view ratings (n = 561, 11% of total), with 2% having 
MODERATE ratings (n=106) and the remaining transactions roughly split between 
SUBSTANTIAL and EXTREME ratings (n=35, 0.6%, and n=28, 0.5%, respectively).  A full 
description of the variables of interest and how they are arrayed at the study area level is 
contained in Appendix A. 

Figure 3: Frequency of DISTANCE Ratings for Post-Construction Transactions 

> 5 Miles     
(n = 870)

3 - 5 Miles     
(n = 1923)

1 - 3 MIle     
(n = 2019)

< 3000 Feet     
(n = 67)

3000 Feet -
1 Mile           

(n = 58)
Other

 
                                                 
48 The variable for the condition of the home was not uniform across study areas because, in some cases, it took into 
account construction grade while in others it did not. 
49 These numbers and percentages are skewed slightly from the overall population of transactions because homes 
outside of three miles were often under-sampled to reduce field data collection burdens.  Further, higher numbers of 
homes fall into each of the categories when the post-announcement-pre-construction transactions are included, as 
they are in some models.  These additional transactions are described below in Table 7 under “All Sales.” 
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Figure 4: Frequency of VIEW Ratings for Post-Construction Transactions 
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Table 6: Summary Statistics: All Sales and Post-Construction Sales 

Variable Name Description Freq. * Mean Std. Dev. Freq. * Mean Std. Dev.
SalePrice The unadjusted sale price of the home (in US dollars)      7,459     102,968       64,293      4,937      110,166       69,422 
SalePrice96 The sale price of the home adjusted to 1996 US dollars      7,459       79,114       47,257 4,937 80,156 48,906

LN_SalePrice96
The natural log transformation of the sale price of the home 

adjusted to 1996 US dollars      7,459          11.12           0.58 4,937 11.12 0.60

AgeatSale  The age of the home at the time of sale      7,459 46 37 4,937 47 36
AgeatSale_Sqrd  The age of the home at the time of sale squared      7,459          3,491         5,410 4,937 3,506 5,412

Sqft_1000
 The number of square feet of above grade finished living area     

(in 1000s)      7,459          1.623           0.59      4,937 1.628 0.589

Acres  The number of Acres sold with the residence      7,459            1.13           2.42      4,937 1.10 2.40
Baths  The number of Bathrooms (Full Bath = 1, Half Bath = 0.5)      7,459            1.74           0.69      4,937 1.75 0.70

ExtWalls_Stone
 If the home has exterior walls of stone, brick or stucco           

(Yes = 1, No = 0)      2,287            0.31           0.46      1,486 0.30 0.46

CentralAC  If the home has a Central AC unit (Yes = 1, No = 0)      3,785            0.51           0.50      2,575 0.52 0.50
Fireplace  The number of fireplace openings      2,708            0.39           0.55      1,834 0.40 0.55
Cul_De_Sac  If the home is situated on a cul-de-sac (Yes = 1, No = 0)         990            0.13           0.34         673 0.14 0.34

FinBsmt
 If finished basement square feet is greater than 50% times first 

floor square feet (Yes = 1, No = 0)      1,472            0.20           0.40         992 0.20 0.40

Water_Front
 If the home shares a property line with a body of water or river 

(Yes = 1, No = 0)         107            0.01           0.12           87 0.02 0.13

Cnd_Low  If the condition of the home is Poor (Yes = 1, No = 0)         101            0.01           0.12           69 0.01 0.12
Cnd_BAvg  If the condition of the home is Below Average (Yes = 1, No = 0)         519            0.07           0.25         359 0.07 0.26

Cnd_Avg  If the condition of the home is Average (Yes = 1, No = 0)      4,357            0.58           0.49      2,727 0.55 0.50

Cnd_AAvg
 If the condition of the home is Above Average                 

(Yes = 1, No = 0)      2,042            0.27           0.45      1,445 0.29 0.46

Cnd_High  If the condition of the home is High (Yes = 1, No = 0)         440            0.06           0.24         337 0.07 0.25

Vista_Poor  If the Scenic Vista from the home is Poor (Yes = 1, No = 0)         470            0.06           0.24         310 0.06 0.24

Vista_BAvg
 If the Scenic Vista from the home is Below Average            

(Yes = 1, No = 0)      4,301            0.58           0.49      2,857 0.58 0.49

Vista_Avg  If the Scenic Vista from the home is Average (Yes = 1, No = 0)      1,912            0.26           0.44      1,247 0.25 0.44

Vista_AAvg
 If the Scenic Vista from the home is Above Average            

(Yes = 1, No = 0)         659            0.09           0.28         448 0.09 0.29

Vista_Prem  If the Scenic Vista from the home is Premium (Yes = 1, No = 0)         117            0.02           0.12           75 0.02 0.12
SaleYear  The year the home was sold 7,459     2002             2.9 4,937     2004 2.3

All Sales Post Construction Sales

* "Freq." applies to the number of cases the parameter's value is not zero  
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Table 7: Summary of Variables of Interest: All Sales and Post-Construction Sales 

Variable Name Description Freq. * Mean Std. Dev. Freq. * Mean Std. Dev.

View_None
 If the home sold after construction began and had no view of the 

turbines (Yes = 1, No = 0)      4,207            0.56           0.50      4,207 0.85 0.36

View_Minor
 If the home sold after construction began and had a Minor View 

of the turbines (Yes = 1, No = 0)         561            0.08           0.26         561 0.11 0.32

View_Mod
 If the home sold after construction began and had a Moderate 

View of the turbines (Yes = 1, No = 0)         106            0.01           0.12         106 0.02 0.15

View_Sub
 If the home sold after construction began and had a Substantial 

View of the turbines (Yes = 1, No = 0)           35               -             0.07           35 0.01 0.08

View_Extrm
 If the home sold after construction began and had a Extreme View 

of the turbines (Yes = 1, No = 0)           28               -             0.06           28 0.01 0.08

DISTANCE †
 Distance to nearest turbine if the home sold after facility 

"announcement", otherwise 0 5,705                2.53           2.59 4,895     3.57 1.68

Mile_Less_0.57 †
 If the home sold after facility "announcement" and was within 

0.57 miles (3000 feet) of the turbines                         
(Yes = 1, No = 0) 

          80            0.01           0.09           67            0.01           0.12 

Mile_0.57to1 †
 If the home sold after facility "announcement" and was between 

0.57 miles (3000 feet) and 1 mile of the turbines                
(Yes = 1, No = 0) 

          65            0.01           0.09           58            0.01           0.11 

Mile_1to3 †
 If the home sold after facility "announcement" and was between 1 

and 3 miles of the turbines (Yes = 1, No = 0)      2,359            0.27           0.44      2,019            0.41           0.49 

Mile_3to5 †
 If the home sold after facility "announcement" and was between 3 

and 5 miles of the turbines (Yes = 1, No = 0)      2,200            0.26           0.44      1,923            0.39           0.49 

Mile_Gtr5 †
 If the home sold after facility "announcement" and was outside 5 

miles of the turbines (Yes = 1, No = 0)      1,000            0.12           0.32         870            0.18           0.38 

† "All Sales" freq., mean and standard deviation DISTANCE and DISTANCE fixed effects variables (e.g., Mile_1to3) include transactions that occurred after 
facility "announcement" and before "construction" as well as those that occured post-construction

All Sales Post Construction Sales

* "Freq." applies to the number of cases the parameter's value is not zero
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4. Base Hedonic Model 
This section uses the primary hedonic model (“Base Model”) to assess whether residential sales 
prices are affected, in a statistically measurable way, by views of and proximity to wind power 
facilities.  In so doing, it simultaneously tests for the presence of the three potential property 
value stigmas associated with wind power facilities: Area, Scenic Vista, and Nuisance.  This 
section begins with a discussion of the dataset that is used and the form of the model that is 
estimated, and then turns to the results of the analysis.  Various alternative hedonic models are 
discussed and estimated in Section 5, with Sections 6 and 7 providing a discussion of and results 
from the repeat sales and sales volume models.  

4.1. Dataset  
The data used for the Base Model were described in Section 3.3.  A key threshold question is 
whether or not to include the residential transactions that pre-date the relevant wind facility.  
Specifically, though the complete dataset consists of 7,459 residential transactions, a number of 
these transactions (n = 2,522) occurred before the wind facility was constructed.  Should these 
homes which, at the time of sale, would not have had any view of or distance to the wind facility, 
be included?  Two approaches could be applied to address this issue.  First, pre-construction 
transactions could be included in the hedonic model either as part of the reference category 
within which no wind-project property value impacts are assumed to exist, or instead by 
specifically identifying these pre-construction transactions through an indicator variable.  Second, 
and alternatively, pre-construction transactions could simply be excluded from the analysis 
altogether.  
 
For the purpose of the Base Model, the latter approach is used, therefore relying on only the 
post-construction subset of 4,937 residential transactions.  This approach, as compared to the 
others, results in somewhat more intuitive findings because all homes have a distance greater 
than zero and have a possibility of some view of the turbines.  More importantly, this approach 
minimizes the chance of inaccuracies that may otherwise exist due to inflation adjustment 
concerns or outdated home characteristics information.50  Nonetheless, to test for the 
implications of this choice of datasets, alternative hedonic models that use the full dataset were 
estimated, and are discussed in detail in Sections 5.3 and 5.4. 

                                                 
50 Home characteristics were obtained as of the last property assessment.  The timing of that assessment relative to 
the timing of the home sale transaction dictates how representative the assessed home characteristics are of the 
subject home when it was sold.  For example, if a home sold early in the study period but subsequently had 
significant improvements made that are reflected in the current assessment data used in the analysis, the model 
would assign value to these home characteristics at the time of sale when, in fact, those characteristics were 
inaccurate.  Additionally, the inflation adjustment index used in this analysis to translate home values to real 1996 
dollars came from the nearest or more appropriate municipal statistical area (MSA).  Many of the wind projects in 
the analysis are located in relatively rural parts of the country, and the housing market in the nearest metropolitan 
area could be different than the market surrounding wind projects.  Although these areas have – in many instances – 
recently begun to attract home buyers willing to commute back to the metropolitan areas on which the index is 
based, the older index adjustments are likely less accurate than the more recent adjustments.  Using a subset of the 
data for the majority of the analyses that removes the older, pre-construction, homes minimizes both of these biases. 
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4.2. Model Form  
A standard semi-log functional form is used for the hedonic models (as was discussed in Section 
2.1), where the dependent variable (sales price in inflation-adjusted 1996 dollars) is transformed 
to its natural log form and the independent variables (e.g., square feet and acres) are not 
transformed.  Using this form to examine the effect that views of, and distance to, wind facilities 
have on sales prices, the following basic model is estimated: 
 
( ) 0 1 2 3 4 5

s k v d
ln P N S X VIEW DISTANCEβ β β β β β ε= + + + + + +∑ ∑ ∑ ∑  (1)   

where 
P represents the inflation-adjusted sales price, 
N is the spatially weighted neighbors’ predicted sales price, 
S is the vector of s Study Area fixed effects variables (e.g., WAOR, OKCC, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
VIEW is a vector of v categorical view of turbine variables (e.g., MINOR, MODERATE, etc.), 
DISTANCE is a vector of d categorical distance to turbine variables (e.g., less than 3000 feet, 
between one and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a parameter estimate for the spatially weighted neighbor’s predicted sales price,  
β2 is a vector of s parameter estimates for the study area fixed effects as compared to homes sold 
in the Washington/Oregon (WAOR) study area, 
β3 is a vector of k parameter estimates for the home and site characteristics,  
β4 is a vector of v parameter estimates for the VIEW variables as compared to homes sold with 
no view of the turbines, 
β5 is a vector of d parameter estimates for the DISTANCE variables as compared to homes sold 
situated outside of five miles, and  
ε is a random disturbance term. 
 
As such, this model, and all subsequent hedonic models, has four primary groups of parameters: 
variables of interest, spatial adjustments, study-area fixed effects, and home and site 
characteristics.  
 
The variables of interest, VIEW and DISTANCE, are the focus of this study, and allow the 
investigation of the presence of Area, Scenic Vista, and Nuisance Stigmas.  These variables were 
defined in Section 3, and are summarized in Table 8.  Both VIEW and DISTANCE appear in the 
model together because a home’s value may be affected in part by the magnitude of the view of 
the wind turbines, and in part by the distance from the home to those turbines, and both variables 
appear in the Base Model as ordered categorical values.  The coefficients associated with these 
two vectors of variables (β4 and β5) represent the marginal impact of views of, and distances to, 
wind turbines on sales prices, as compared to a “reference” category of residential transactions, 
and should be ordered monotonically from low to high.51  This form of variable was used to 

                                                 
51 “Reference category” refers to the subset of the sample to which other observations are compared, and is pertinent 
when using categorical or “fixed effect” variables. 
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impose the least structure on the underlying data.52  For the purpose of the Base Model, the 
reference category for the DISTANCE variables are those transactions of homes that were 
situated outside of five miles from the nearest wind turbine.  The reference category for the 
VIEW variables are those transactions of homes that did not have a view of the wind facility 
upon sale.  Among the post-construction sample of homes, these reference homes are considered 
the least likely to be affected by the presence of the wind facilities.53 

Table 8: List of Variables of Interest Included in the Base Model 

Variable Name Description Type
Expected 

Sign

View_None
 If the home sold after construction began and had no view of the 

turbines (Yes = 1, No = 0)  Reference n/a

View_Minor
 If the home sold after construction began and had a Minor View of 

the turbines (Yes = 1, No = 0)  OC -
View_Mod

 If the home sold after construction began and had a Moderate View 
of the turbines (Yes = 1, No = 0)  OC -

View_Sub
 If the home sold after construction began and had a Substantial View 

of the turbines (Yes = 1, No = 0)  OC -
View_Extrm

 If the home sold after construction began and had an Extreme View 
of the turbines (Yes = 1, No = 0)  OC -

Mile_Less_0.57
 If the home sold after facility "construction" and was within 0.57 

miles (3000 feet) of the turbines (Yes = 1, No = 0)  OC -
Mile_0.57to1

 If the home sold after facility "construction" and was between 0.57 
miles (3000 feet) and 1 mile of the turbines (Yes = 1, No = 0)  OC -

Mile_1to3
 If the home sold after facility "construction" and was between 1 and 

3 miles of the turbines (Yes = 1, No = 0)  OC -
Mile_3to5

 If the home sold after facility "construction" and was between 3 and 
5 miles of the turbines (Yes = 1, No = 0)  OC -

Mile_Gtr5
 If the home sold after facility "construction" and was outside 5 miles 

of the turbines (Yes = 1, No = 0)  Reference n/a

"OC" Ordered Categorical (1 = yes, 0 = no) values are interpreted in relation to the reference categorical case and are 
expected to have a monotonic order from low to high.  
 
The three stigmas are investigated though these VIEW and DISTANCE variables.  Scenic Vista 
Stigma is investigated through the VIEW variables.  Area and Nuisance Stigmas, on the other 
hand, are investigated through the DISTANCE variables.  To distinguish between Area and 

                                                 
52 In place of the ordered categorical DISTANCE variables, practitioners often rely on a continuous DISTANCE 
form (e.g., Sims et al., 2008).  Similar to ordered categorical variables, continuous variables have a natural ordering, 
either ascending or descending, but, unlike categorical variables, these “continuous” values are on a scale.  
Therefore, given any two of its values X1 and X2 and a specific functional form, the ratio “X1/X2” and the distance 
“X1 - X2” have a fixed meaning.  Examples of continuous variables other than DISTANCE that are commonly used 
include the number of square feet of living area (in 1000s) in a home (SQFT_1000) or the acres in the parcel 
(ACRES).  A continuous functional form of this nature “imposes structure” because practitioners must decide how 
price is related to the underlying variables through the selection of a specific functional relationship between the 
two.  For instance, in the case of DISTANCE, is there a linear relationship (which would imply a similar marginal 
difference between two distances both near and far from the turbines), does it decay slowly as distance grows, or 
does it fade completely at some fixed distance?  Because of the lack of literature in this area, no a priori 
expectations for which functional form is the best were established, and therefore unstructured categorical variables 
are used in the Base Model.  Nonetheless, a continuous DISTANCE form is explored in Section 5.2. 
53 It is worth noting that these reference homes are situated in both rural and urban locales and therefore are not 
uniquely affected by influences from either setting.  This further reinforces their worthiness as a reference category.  
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Nuisance Stigma, it is assumed that Nuisance effects are concentrated within one mile of the 
nearest wind turbine, while Area effects will be considered for those transactions outside of one 
mile.  Any property value effects discovered outside of one mile and based on the DISTANCE 
variables are therefore assumed to indicate the presence of Area Stigma, while impacts within a 
mile may reflect the combination of Nuisance and Area Stigma.   
 
The second set of variables in the Base Model - spatial adjustments - correct for the assumed 
presence of spatial autocorrelation in the error term (ε).  It is well known that the sales price of a 
home can be systematically influenced by the sales prices of those homes that have sold nearby.  
Both the seller and the buyer use information from comparable surrounding sales to inform them 
of the appropriate transaction price, and nearby homes often experience similar amenities and 
disamenities.  This lack of independence of home sale prices could bias hedonic regression 
results and, to help correct for this bias, a spatially (i.e., distance) weighted neighbors’ sales price 
(N) is included in the model.  Empirically, the neighbors’ price has been found to be a strong 
(and sometimes even the strongest) predictor of home values (Leonard and Murdoch, 
forthcoming), and the coefficient β1 is expected to be positive, indicating a positive correlation 
between the neighbors’ and subject home’s sales price.  A more-detailed discussion of the 
importance of this variable, and how it was created, is contained in Appendix G. 
 
The third group of variables in the Base Model - study area fixed effects - control for study area 
influences and the differences between them.  The vector’s parameters β2 represent the marginal 
impact of being in any one of the study areas, as compared to a reference category.  In this case, 
the reference category is the Washington/Oregon (WAOR) study area.54  The estimated 
coefficients for this group of variables represent the combined effects of school districts, tax 
rates, crime, and other locational influences across an entire study area.  Although this approach 
greatly simplifies the estimation of the model, because of the myriad of influences captured by 
these study-area fixed effects variables, interpreting the coefficient can be difficult.  In general, 
though, the coefficients simply represent the mean difference in sales prices between the study 
areas and the reference study area (WAOR).  These coefficients are expected to be strongly 
influential, indicating significant differences in sales prices across study areas. 
 
The fourth group of variables in the Base Model are the core home and site characteristics (X), 
and include a range of continuous (“C”),55 discrete (“D”),56 binary (“B”),57 and ordered 
categorical (“OC”) variables.  The specific home and site variables included in the Base Model 
are listed in Table 9 along with the direction of expected influence.58  Variables included are age 
                                                 
54 Because there is no intent to focus on the coefficients of the study area fixed effect variables, the reference case is 
arbitrary.  Further, the results for the other variables in the model are completely independent of this choice.   
55 See discussion in footnote 52 on previous page. 
56 Discrete variables, similar to continuous variables, are ordered and the distance between the values, such as X1 
and X2, have meaning, but for these variables, there are only a relatively small number of discrete values that the 
variable can take, for example, the number of bathrooms in a home (BATHROOMS). 
57 Binary variables have only two conditions: "on" or "off" (i.e., "1" or "0" respectively).  Examples are whether the 
home has central air conditioning ("CENTRAL_AC") or if the home is situated on a cul-de-sac ("CUL_DE_SAC").  
The coefficients for these variables are interpreted in relation to when the condition is "off." 
58 For those variables with a "+" sign it is expected that as the variable increases in value (or is valued at "1" as 
would be the case for fixed effects variables) the price of the home will increase, and the converse is true for the 
variables with a "-" sign.  The expected signs of the variables all follow conventional wisdom (as discussed in 
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of the home, home and lot size, number of bathrooms and fireplaces, the condition of the home, 
the quality of the scenic vista from the home, if the home has central AC, a stone exterior, and/or 
a finished basement, and whether the home is located in a cul-de-sac and/or on a water way.59 

Table 9: List of Home and Site Characteristics Included in the Base Model 

Variable Name Description Type
Expected 

Sign
AgeatSale  The age of the home at the time of sale in years  C -
AgeatSale_Sqrd  The age of the home at the time of sale squared  C +
Sqft_1000

 The number of square feet of above grade finished living area       
(in 1000s)  C +

Acres  The number of Acres sold with the residence  C +
Baths  The number of Bathrooms (Full Bath = 1, Half Bath = 0.5)  D +
ExtWalls_Stone

 If the home has exterior walls of stone, brick or stucco             
(Yes = 1, No = 0)  B +

CentralAC  If the home has a Central AC unit (Yes = 1, No = 0)  B +
Fireplace  The number of fireplace openings  D +
Cul_De_Sac  If the home is situated on a cul-de-sac (Yes = 1, No = 0)  B +
FinBsmt

If finished basement sqft > 50% times first floor sqft              
(Yes = 1, No = 0)  B +

Water_Front
 If the home shares a property line with a body of water or river      

(Yes = 1, No = 0)  B +
Cnd_Low  If the condition of the home is Poor (Yes = 1, No = 0)  OC -
Cnd_BAvg  If the condition of the home is Below Average (Yes = 1, No = 0)  OC -
Cnd_Avg  If the condition of the home is Average (Yes = 1, No = 0)  Reference n/a

Cnd_AAvg
 If the condition of the home is Above Average                   

(Yes = 1, No = 0)  OC +
Cnd_High  If the condition of the home is High (Yes = 1, No = 0)  OC +
Vista_Poor  If the Scenic Vista from the home is Poor (Yes = 1, No = 0)  OC -
Vista_BAvg

If the Scenic Vista from the home is Below Average               
(Yes = 1, No = 0)  OC -

Vista_Avg
 If the Scenic Vista from the home is Average                    

(Yes = 1, No = 0)  Reference n/a

Vista_AAvg
If the Scenic Vista from the home is Above Average               

(Yes = 1, No = 0)  OC +
Vista_Prem

 If the Scenic Vista from the home is Premium                              (Yes 
= 1, No = 0)  OC +

"C" Continuous, "D" Discrete, and "B" Binary (1 = yes, 0 = no) values are interpreted in relation to "No"

"OC" Ordered Categorical (1 = yes, 0 = no) values are interpreted in relation to the reference categorical 
case and are expected to have a monotonic order from low to high.  

                                                                                                                                                             
Sirmans et al., 2005a), save AgeatSale and AgeatSale_Sqrd, which are expected to be negative and positive, 
respectively.  The magnitude of the coefficient of AgeatSale is expected to be larger than that of AgeatSale_Sqrd 
indicating an initial drop in value as a home increases in age, and then an increase in value as the home becomes 
considerably older and more “historic.” 
59 Some characteristics, such as whether the home had a deck, a pool, or is located on a public sewer, are not 
available consistently across the dataset and therefore are not incorporated into the model.  Other characteristics, 
such as the number of bedrooms, the number of stories, or if the home had a garage, are available but are omitted 
from the final model because they are highly correlated with characteristics already included in the model and 
therefore do not add significantly to the model’s explanatory power.  More importantly, and as discussed in 
Appendix G, when their inclusion or exclusion are tested, the results are stable with those derived from the Base 
Model. 
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It should be emphasized that in the Base Hedonic Model - equation (1) - and in all subsequent 
models presented in Section 5, all variables of interest, spatial adjustments, and home and site 
characteristics are pooled, and therefore their estimates represent the average across all study 
areas.  Ideally, one would have enough data to estimate a model at the study area level - a fully 
unrestricted model - rather than pooled across all areas.  This fully unrestricted model form, 
along with 15 other model forms (with some variables restricted and others not), are discussed in 
detail in Appendix F.  In total, these 16 different models were estimated to explore which model 
was the most parsimonious (had the fewest parameters), performed the best (e.g., had the highest 
adjusted R2 and the lowest Schwarz information criterion60), and had the most stable coefficients 
and standard errors.  The basic pooled model described by equation (1) is found to fit that 
description, and that model is therefore chosen as the Base Model to which others are compared.  
By making this choice the effort concentrates on identifying the presence of potential property 
value impacts across all of the study areas in the sample as opposed to any single study area.61   
 
Finally, to assure that the model produces the best linear unbiased parameter estimates, the 
underlying assumptions of Ordinary Least Squares (OLS) regression techniques must be 
verified:  
1) Homoskedastic error term;  
2) Absence of temporal serial correlation;  
3) Reasonably limited multicollinearity; and  
4) Appropriate controls for outliers and influencers.62 
  
These assumptions, and the specific approaches that are used to address them, are discussed in 
detail in Appendix G. 

4.3. Analysis of Results 
Table 10 (on page 32) presents the results of the Base Model (equation 1).63  The model 
performs well, with an adjusted R2 of 0.77.64  The spatial adjustment coefficient (β1) of 0.29 (p 
value 0.00) indicates that a 10% increase in the spatially weighted neighbor’s price increases the 
subject home’s value by an average of 2.9%.  The study-area fixed effects (β2) variables are all 
significant at the one percent level, demonstrating important differences in home valuations 

                                                 
60 The Schwarz information criterion measures relative parsimony between similar models (Schwarz, 1978). 
61 Because effects might vary between study areas, and the models estimate an average across all study areas, the 
full range of effects in individual study areas will go undetermined.  That notwithstanding, there is no reason to 
suspect that effects will be completely “washed out.”  For that to occur, an effect in one study area would have to be 
positive while in another area it would have to be negative, and there is no reason to suspect that sales prices would 
increase because of the turbines in one community while decreasing in other communities. 
62 The absence of spatial autocorrelation is often included in the group of assumptions, but because it was discussed 
above (and in Appendix G), and is addressed directly by the variable (Ni) included in the model, it is not included in 
this list. 
63 This model and all subsequent models were estimated using the PROC REG procedure of SAS Version 9.2 
TS1M0, which produces White’s corrected standard errors. 
64 The appropriateness of the R2 of 0.77 for this research is validated by the extensive hedonic literature that 
precedes it (see e.g., Kroll and Priestley, 1992; Boyle and Kiel, 2001; Simons, 2006b). 
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between the reference study area (WAOR) and the other nine study areas.65  The sign and 
magnitudes of the home and site characteristics are all appropriate given the a priori expectations, 
and all are statistically significant at the one percent level.66 
 
Of particular interest are the coefficient estimates for scenic vista (VISTA) as shown in Figure 5.  
Homes with a POOR vista rating are found, on average, to sell for 21% less (p value 0.00) than 
homes with an AVERAGE rating, while BELOW AVERAGE homes sell for 8% less (p value 
0.00).  Conversely, homes with an ABOVE AVERAGE vista are found to sell for 10% more (p 
value 0.00) than homes with an AVERAGE vista, while PREMIUM vista homes sell for 13% 
more than AVERAGE homes (p value 0.00).  Based on these results, it is evident that home 
buyers and sellers capitalize the quality of the scenic vista in sales prices.67 

Figure 5: Results from the Base Model for VISTA  
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65 The reference category WAOR study area has the highest mean and median house values in the sample (as shown 
in Appendix A) so the negative coefficients for all the study area fixed effect variables are appropriate. 
66 To benchmark the results against those of other practitioners the research by Sirmans et al.  (2005a; 2005b) was 
consulted.  They conducted a meta-analysis of 64 hedonic studies carried out in multiple locations in the U.S. during 
multiple time periods, and investigated the coefficients of ten commonly used characteristics, seven of which were 
included in the model.  The similarities between their mean coefficients (i.e., the average across all 64 studies) and 
those estimated in the present Base Model are striking.  The analysis presented here estimates the effect of square 
feet (in 1000s) on log of sales price at 0.28 and Sirmans et al. provide an estimate of 0.34, while ACRES was 
similarly estimated (0.02 to 0.03, Base Model and Sirmans et al., respectively).  Further, AGEATSALE (age at the 
time of sale) (-0.006 to -0.009), BATHROOMS (0.09 to 0.09), CENTRALAC (0.09 to 0.08), and FIREPLACE 
(0.11 to 0.09) all similarly compare.  As a group, the Base Model estimates differ from Sirmans et al. estimates in all 
cases by no more than a third of the Sirmans et al. mean estimate's standard deviation.  This, taken with the 
relatively high adjusted R2 of the Base Model, demonstrates the appropriateness of the model’s specification. 
67 To benchmark these results they are compared to the few studies that have investigated the contribution of inland 
scenic vistas to sales prices.  Benson et al. (2000) find that a mountain vista increases sales price by 8%, while 
Bourassa et al. (2004) find that wide inland vistas increase sales price by 7.6%.  These both compare favorably to 
the 10% and 14% above average and premium rated VISTA estimates.  Comparable studies for below average and 
poor VISTA were not found and therefore no benchmarking of those coefficients is conducted.  Finally, it should 
again be noted that a home’s scenic vista, as discussed in Section 3.2.3, was ranked without taking the presence of 
the wind turbines into consideration, even if those turbines were visible at the time of home sale. 
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Despite this finding for scenic vista, however, no statistically significant relationship is found 
between views of wind turbines and sales prices.68  The coefficients for the VIEW parameters 
(β4) are all relatively small, none are statistically significant, and they are not monotonically 
ordered (see Figure 6).  Homes with EXTREME or SUBSTANTIAL view ratings, for which the 
Base Model is expected to find the largest differences, sell for, on average, 2.1% more (p value 
0.80) and 0.5% less (p value 0.94) than NO VIEW homes that sold in the same post-construction 
period.  Similarly, homes with MODERATE or MINOR view ratings sell, on average, for 1.7% 
more (p value 0.58) and 1.2% less (p value 0.40) than NO VIEW homes, respectively.  None of 
these coefficients are sizable, and none are statistically different from zero.  These results 
indicate that, among this sample at least, a statistically significant relationship between views of 
wind turbines and residential property values is not evident.  In other words, there is an absence 
of evidence of a Scenic Vista Stigma in the Base Model. 

Figure 6: Results from the Base Model for VIEW 
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The coefficients for the DISTANCE parameters (β5) are also all relatively small and none are 
statistically significant (see Figure 7).  Homes that are situated within 3000 feet (0.57 miles) of 
the nearest wind turbine, at the time of sale, are found to sell for 5.3% less (p value 0.40), on 
average, than homes outside of 5 miles that sold in the same “post-construction” period.  
Meanwhile, homes between 3000 feet and 1 mile sold for 5.5% less (p value 0.30), on average, 
than homes more than 5 miles away.  Homes that are within 1 to 3 miles of the nearest turbine, as 
compared to homes outside of 5 miles, sold for essentially the same, on average (coefficient = 
0.004, p value 0.80), while homes between 3 and 5 miles sold for 1.6% more (p value 0.23).   

                                                 
68 A significance level of 10% is used throughout this report, which corresponds to a p-value at or above 0.10.  
Although this is more liberal than the often used 5% (p-value at or above 0.05), it was chosen to give more 
opportunities for effects that might be fairly weak to be considered significant.  
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Figure 7: Results from the Base Model for DISTANCE 
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Looking at these results as a whole, a somewhat monotonic order from low to high is found as 
homes are situated further away from wind facilities, but all of the coefficients are relatively 
small and none are statistically different from zero.  This suggests that, for homes in the sample 
at least, there is a lack of statistical evidence that the distance from a home to the nearest wind 
turbine impacts sales prices, and this is true regardless of the distance band.69  As such, an 
absence of evidence of an Area or Nuisance Stigma is found in the Base Model.  That 
notwithstanding, the -5% coefficients for homes that sold within one mile of the nearest wind 
turbine require further scrutiny.  Even though the differences are not found to be statistically 
significant, they might point to effects that exist but are too small for the model to deem 
statistically significant due to the relatively small number of homes in the sample within 1 mile 
of the nearest turbine.  Alternatively, these homes may simply have been devalued even before 
the wind facility was erected, and that devaluation may have carried over into the post 
construction period (the period investigated by the Base Model).  To explore these possibilities, 
transactions that occurred well before the announcement of the wind facility to well after 
construction are investigated in the Temporal Aspects Model in the following “Alternative 
Models” section. 

                                                 
69 It is worth noting that the number of cases in each of these categories (e.g., n = 67 for homes inside of 3000 feet 
and n = 58 between 3000 feet and one mile) are small, but are similar to the numbers of cases for other variables in 
the same model (e.g., LOW CONDITION, n = 69; PREMIUM VISTA, n = 75), the estimates of which were found 
to be significant above the 1% level. 

Exhibit A1-K

 
007525

ADMINISTRATIVE RECORD - Scan 8 - Page 229 of 299

- Page 2699 -



 

 32 

Table 10: Results from the Base Model 
Coef. SE p Value n

Intercept 7.62 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.33 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.14 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.01 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
Post Con NoView Omitted     Omitted     Omitted     4,207
View Minor -0.01 0.01 0.40 561
View Mod 0.02 0.03 0.58 106
View Sub -0.01 0.07 0.94 35
View Extrm 0.02 0.09 0.80 28
Mile Less 0 57 -0.05 0.06 0.40 67
Mile 0 57to1 -0.05 0.05 0.30 58
Mile 1to3 0.00 0.02 0.80 2,019
Mile 3to5 0.02 0.01 0.23 1,923
Mile Gtr5 Omitted     Omitted     Omitted     870

Model Information  
Model Equation Number 1
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 37
F Statistic 442.8
Adjusted R Squared 0.77

LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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5. Alternative Hedonic Models  
The Base Hedonic Model presented in Section 4 found that residential property values have, on 
average, not been measurably affected by the presence of nearby wind facilities.  To test the 
robustness of this result and to test for other possible impacts from nearby wind projects, the 
report now turns to a number of other hedonic models. These Alternative Models were created to 
investigate different approaches to exploring the impact of the variables of interest (#1 and #2, 
below) and to assess the presence of impacts that are not otherwise fully captured by the Base 
Model (#3 through #6, below).   
 
1) View and Distance Stability Models:  Using only post-construction transactions (the same 

as the Base Model) these models investigate whether the Scenic Vista Stigma (as measured 
with VIEW) results are independent of the Nuisance and Area Stigma results (as measured 
by DISTANCE) and vice versa.70 

2) Continuous Distance Model:  Using only post-construction transactions, this model 
investigates Area and Nuisance Stigmas by applying a continuous distance parameter as 
opposed to the categorical variables for distance used in the previous models. 

3) All Sales Model:  Using all transactions, this model investigates whether the results for the 
three stigmas change if transactions that occurred before the announcement and construction 
of the wind facility are included in the sample. 

4) Temporal Aspects Model: Using all transactions, this model further investigates Area and 
Nuisance Stigmas and how they change for homes that sold more than two years pre-
announcement through the period more than four years post-construction. 

5) Home Orientation Model:  Using only post-construction transactions, this model 
investigates the degree to which a home’s orientation to the view of wind turbines affects 
sales prices. 

6) View and Vista Overlap Model:  Using only post-construction transactions, this model 
investigates the degree to which the overlap between the view of a wind facility and a home’s 
primary scenic vista affects sales prices. 

 
Each of these models is described in more depth in the pages that follow.  Results are shown for 
the variables of interest only; full results are contained in Appendix H. 

5.1. View and Distance Stability Models 
The Base Model (equation 1) presented in Section 4 includes both DISTANCE and VIEW 
variables because a home’s value might be affected in part by the magnitude of the view of a 
nearby wind facility and in part by the distance from the home to that facility.  These two 
variables may be related, however, in-so-far as homes that are located closer to a wind facility 
are likely to have a more-dominating view of that facility.  To explore the degree to which these 
two sets of variables are independent of each other (i.e. not collinear) and to further test the 
robustness of the Base Model results two alternative hedonic models are run, each of which 
includes only one of the sets of parameters (DISTANCE or VIEW).  Coefficients from these 
models are then compared to the Base Model results. 

                                                 
70 Recall that the qualitative VIEW variable incorporated the visible distance to the nearest wind facility.  
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5.1.1. Dataset and Model Form  
The same dataset is used as in the Base Model, focusing again on post-construction transactions 
(n = 4,937).  To investigate DISTANCE effects alone the following model is estimated:  
 
( ) 0 1 2 3 5

s k d
ln P N S X DISTANCEβ β β β β ε= + + + + +∑ ∑ ∑  (2) 

where  
P represents the inflation-adjusted sales price, 
N is the spatially weighted neighbors’ predicted sales price, 
S is the vector of s Study Area fixed effects variables (e.g., WAOR, OKCC, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
DISTANCE is a vector of d categorical distance variables (e.g., less than 3000 feet, between one 
and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a parameter estimate for the spatially weighted neighbor’s predicted sales price,  
β2 is a vector of s parameter estimates for the study area fixed effects as compared to transactions 
of homes in the WAOR study area, 
β3 is a vector of k parameter estimates for the home and site characteristics,  
β5 is a vector of d parameter estimates for the DISTANCE variables as compared to transactions 
of homes situated outside of five miles, and  
ε is a random disturbance term. 
 
The parameters of primary interest are β5, which represent the marginal differences between 
home values at various distances from the wind turbines as compared to the reference category 
of homes outside of five miles.  These coefficients can then be compared to the same coefficients 
estimated from the Base Model.   
 
Alternatively, to investigate the VIEW effects alone, the following model is estimated:   
 
( ) 0 1 2 3 4

s k v
ln P N S X VIEWβ β β β β ε= + + + + +∑ ∑ ∑  (3) 

where 
VIEW is a vector of v categorical view variables (e.g., MINOR, MODERATE, etc.), 
β4 is a vector of v parameter estimates for the VIEW variables, and 
all other components are as defined in equation (2). 
 
The parameters of primary interest in this model are β4, which represent the marginal differences 
between home values for homes with varying views of wind turbines at the time of sale as 
compared to the reference category of homes without a view of those turbines.  Again, these 
coefficients can then be compared to the same coefficients estimated from the Base Model.   
 
Our expectation for both of the models described here is that the results will not be dramatically 
different from the Base Model, given the distribution of VIEW values across the DISTANCE 
values, and vice versa, as shown in Table 11.  Except for EXTREME view, which is 
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concentrated inside of 3000 feet, all view ratings are adequately distributed among the distance 
categories.  

Table 11: Frequency Crosstab of VIEW and DISTANCE Parameters  

Inside       
3000 Feet

Between         
3000 Feet and 1 

Mile

Between    
1 and 3 
Miles

Between    
3 and 5 
Miles

Outside     
5 Miles Total

No View 6 12 1653 1695 841 4207
Minor View 14 24 294 202 27 561
Moderate View 8 13 62 21 2 106
Substantial View 11 9 10 5 0 35
Extreme View 28 0 0 0 0 28

TOTAL 67 58 2019 1923 870 4937  

5.1.2. Analysis of Results 
Summarized results for the variables of interest from the Base Model and the two Alternative 
Stability Models are presented in Table 12.  (For brevity, the full set of results for the models is 
not shown in Table 12, but is instead included in Appendix H.)  The adjusted R2 for the View and 
Distance Stability Models is the same as for the Base Model, 0.77.  All study area, spatial 
adjustment, and home and site characteristics are significant at or above the one percent level and 
are similar in magnitude to the estimates presented earlier for the Base Model.  
 
The DISTANCE and VIEW coefficients, β5 and β4, are stable, changing no more than 3%, with 
most (7 out of 8) not experiencing a change greater than 1%.  In all cases, changes to coefficient 
estimates for the variables of interest are considerably less than the standard errors.  Based on 
these results, there is confidence that the correlation between the VIEW and DISTANCE 
variables is not responsible for the findings and that these two variables are adequately 
independent to be included in the same hedonic model regression. As importantly, no evidence 
of Area, Scenic Vista, or Nuisance Stigma is found in the sample, as none of the VIEW or 
DISTANCE variables are found to be statistically different from zero.   

Table 12: Results from Distance and View Stability Models 

Variables of Interest n Coef SE p Value Coef SE p Value Coef SE p Value
No View 4207 Omitted Omitted Omitted Omitted Omitted Omitted
Minor View 561 -0.01 0.01 0.39 -0.02 0.01 0.24
Moderate View 106 0.02 0.03 0.57 0.00 0.03 0.90
Substantial View 35 -0.01 0.07 0.92 -0.04 0.06 0.45
Extreme View 28 0.02 0.09 0.77 -0.03 0.06 0.58
Inside 3000 Feet 67 -0.05 0.06 0.31 -0.04 0.04 0.25   
Between 3000 Feet and 1 Mile 58 -0.05 0.05 0.20 -0.06 0.05 0.17   
Between 1 and 3 Miles 2019 0.00 0.02 0.80 -0.01 0.02 0.71   
Between 3 and 5 Miles 1923 0.02 0.01 0.26 0.01 0.01 0.30   
Outside 5 Miles 870 Omitted Omitted Omitted Omitted Omitted Omitted   

Model Information  
Model Equation Number 1 2 3
Dependent Variable
Number of Cases 4937 4937 4937
Number of Predictors (k) 37 33 33
F Statistic 442.8 496.7 495.9
Adjusted R Squared 0.77 0.77 0.77

"Omitted" = reference category for fixed effects variables.  "n" indicates number of cases in category when category = "1"

Base Model Distance Stability View Stability

LN_SalePrice96 LN_SalePrice96 LN_SalePrice96
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5.2. Continuous Distance Model 
The potential impact of wind facilities on residential property values based on Area and 
Nuisance effects was explored with the Base Model by using five ordered categorical 
DISTANCE variables.  This approach was used in order to impose the least restriction on the 
functional relationship between distance and property values (as discussed in footnote 52 on 
page 25).  The literature on environmental disamenities, however, more commonly uses a 
continuous distance form (e.g., Sims et al., 2008), which imposes more structure on this 
relationship.  To be consistent with the literature and to test if a more rigid structural relationship 
might uncover an effect that is not otherwise apparent with the five distance categories used in 
the Base Model, a hedonic model that relies upon a continuous distance variable is presented 
here.  One important benefit of this model is that a larger amount of data (e.g., n = 4,937) is used 
to estimate the continuous DISTANCE coefficient then was used to estimate any of the 
individual categorical estimates in the Base Model (e.g., n = 67 inside 3000 feet, n = 2019 
between one and three miles).  The Continuous Distance Model therefore provides an important 
robustness test to the Base Model results. 

5.2.1. Dataset and Model Form  
A number of different functional forms can be used for a continuous DISTANCE variable, 
including linear, inverse, cubic, quadratic, and logarithmic.  Of the forms that are considered, an 
inverse function seemed most appropriate.71  Inverse functions are used when it is assumed that 
any effect is most pronounced near the disamenity and that those effects fade asymptotically as 
distance increases.  This form has been used previously in the literature (e.g., Leonard et al., 
2008) to explore the impact of disamenities on home values, and is calculated as follows: 
 
InvDISTANCE 1/ DISTANCE=  (4) 
 
where 
DISTANCE is the distances to the nearest turbine from each home as calculated at the time of 
sale for homes that sold in the post-construction period. 
 
For the purpose of the Continuous Distance Model, the same dataset is used as in the Base Model, 
focusing again on post-construction transactions (n = 4,937).  InvDISTANCE has a maximum of 
6.67 (corresponding to homes that were 0.15 miles, or roughly 800 feet, from the nearest wind 
turbine), a minimum of 0.09 (corresponding to a distance of roughly 11 miles), and a mean of 
0.38 (corresponding to a distance of 2.6 miles).  This function was then introduced into the 
hedonic model in place of the DISTANCE categorical variables as follows: 
 
( ) 0 1 2 3 4 5

s k v
ln P N S X VIEW InvDISTANCEβ β β β β β ε= + + + + + +∑ ∑ ∑  (5) 

where 
InvDISTANCEi is the inverse of the distance to the nearest turbine, 
β5 is a parameter estimate for the inverse of the distance to the nearest turbine, and 

                                                 
71 The other distance functions (e.g., linear, quadratic, cubic & logarithmic) were also tested.  Additionally, two-part 
functions with interactions between continuous forms (e.g., linear) and categorical (e.g., less than one mile) were 
investigated.  Results from these models are briefly discussed below in footnote 72.  
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all other components are as defined in equation (1). 
 
The coefficient of interest in this model is β5, which, if effects exist, would be expected to be 
negative, indicating an adverse effect from proximity to the wind turbines.   

5.2.2. Analysis of Results 
Results for the variables of interest in the Continuous Distance Model and the Base Model are 
shown in Table 13. (For brevity, the full set of results for the model is not shown in Table 13, but 
is instead included in Appendix H.)  The model performs well with an adjusted R2 of 0.77.  All 
study area, spatial adjustment, and home and site characteristics are significant at the one percent 
level.  The coefficients for VIEW are similar to those found in the Base Model, demonstrating 
stability in results, and none are statistically significant.  These results support the previous 
findings of a lack of evidence of a Scenic Vista Stigma.    
 
Our focus variable InvDISTANCE produces a coefficient (β5) that is slightly negative at -1%, 
but that is not statistically different from zero (p value 0.41), implying again that there is no 
statistical evidence of a Nuisance Stigma effect nor an Area Stigma effect and confirming the 
results obtained in the Base Model.72     

Table 13: Results from Continuous Distance Model  

Variables of Interest Coef SE p Value n Coef SE p Value n
No View Omitted Omitted Omitted 4,207   Omitted Omitted Omitted 4,207   
Minor View -0.01 0.01 0.39 561      -0.01 0.01 0.32 561      
Moderate View 0.02 0.03 0.57 106      0.01 0.03 0.77 106      
Substantial View -0.01 0.07 0.92 35        -0.02 0.07 0.64 35        
Extreme View 0.02 0.09 0.77 28        0.01 0.10 0.85 28        
Inside 3000 Feet -0.05 0.06 0.31 67           
Between 3000 Feet and 1 Mile -0.05 0.05 0.20 58           
Between 1 and 3 Miles 0.00 0.02 0.80 2,019      
Between 3 and 5 Miles 0.02 0.01 0.26 1,923      
Outside 5 Miles Omitted Omitted Omitted 870      
InvDISTANCE  -0.01 0.02 0.41 4,937 

Model Information     
Model Equation Number 1 5
Dependent Variable  
Number of Cases 4937 4937  
Number of Predictors (k) 37 34  
F Statistic 442.8 481.3  
Adjusted R Squared 0.77 0.77  

LN_SalePrice96 LN_SalePrice96

"Omitted" = reference category for fixed effects variables.  "n" = number of cases in category when category = "1"

Base Model Continuous Distance

 

5.3. All Sales Model 
The Base Model presented earlier relied on only those transactions that occurred after the 
construction of the relevant wind facility.  This approach, however, leaves open two key 
questions.  First, it is possible that the property values of all of the post-construction homes in the 
                                                 
72 As mentioned in footnote 71 on page 36, a number of alternative forms of the continuous distance function were 
also explored, including two-part functions, with no change in the results presented here.  In all cases the resulting 
continuous distance function was not statistically significant. 
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sample have been affected by the presence of a wind facility, and therefore that the reference 
homes in the Base Model (i.e., those homes outside of five miles with no view of a wind turbine) 
are an inappropriate comparison group because they too have been impacted.73  Using only those 
homes that sold before the announcement of the wind facility (pre-announcement) as the 
reference group would, arguably, make for a better comparison because the sales price of those 
homes are not plausibly impacted by the presence of the wind facility.74  Second, the Base Model 
does not consider homes that sold in the post-announcement but pre-construction period, and 
previous research suggests that property value effects might be very strong during this period, 
during which an assessment of actual impacts is not possible and buyers and sellers may take a 
more-protective and conservative stance (Wolsink, 1989).  This subsection therefore presents the 
results of a hedonic model that uses the full set of transactions in the dataset, pre- and post-
construction. 

5.3.1. Dataset and Model Form  
Unlike the Base Model, in this instance the full set of 7,459 residential transactions is included.  
The following model is then estimated: 
 
( ) 0 1 2 3 4 5

s k v d
ln P N S X VIEW DISTANCEβ β β β β β ε= + + + + + +∑ ∑ ∑ ∑  (6) 

where 
VIEW is a vector of v categorical view variables (e.g., NONE, MINOR, MODERATE, etc.), 
DISTANCE is a vector of d categorical distance variables (e.g., less than 3000 feet, between one 
and three miles, outside of five mile, etc.),  
β4 is a vector of v parameter estimates for the VIEW variables as compared to pre-construction 
transactions,   
β5 is a vector of d parameter estimates for the DISTANCE variables as compared to pre-
announcement transactions, and 
all other components are as defined in equation (1). 
 
It is important to emphasize that the VIEW and DISTANCE parameters in equation (6) have 
different reference categories than they do in the Base Model - equation (1).  In the Base Model, 
DISTANCE and VIEW are estimated in the post-construction period in reference to homes that 
sold outside of five miles and with no view of the turbines respectively.75  In the All Sales Model, 
on the other hand, the coefficients for VIEW (β4) are estimated in reference to all pre-
construction transactions (spanning the pre-announcement and post-announcement-pre-
construction periods) and the coefficients for DISTANCE (β5) are estimated in reference to all 
pre-announcement transactions.  In making a distinction between the reference categories for 
VIEW and DISTANCE, it is assumed that awareness of the view of turbines and awareness of 

                                                 
73 This might be the case if there is an Area Stigma that includes the reference homes. 
74 As discussed in footnote 47 on page 19, it is conceivable that awareness might occur prior to the “announcement” 
date used for this analysis.  If true, this bias is likely to be sporadic in nature and less of an issue in this model, when 
all pre-announcement transactions are pooled (e.g., both transactions near and far away from where the turbines 
were eventually located) than in models presented later (e.g., temporal aspects model).  Nonetheless, if present, this 
bias may weakly draw down the pre-announcement reference category. 
75 See Section 4.1 and also footnote 51 on page 24 for more information on why the post-construction dataset and 
five-mile-no-view homes reference category are used in the Base Model. 
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the distance from them might not occur at the same point in the development process.  
Specifically, it is assumed that VIEW effects largely occur after the turbines are erected, in the 
post-construction period, but that DISTANCE effects might occur in the post-announcement-pre-
construction timeframe.  For example, after a wind facility is announced, it is not atypical for a 
map of the expected locations of the turbines to be circulated in the community, allowing home 
buyers and sellers to assess the distance of the planned facility from homes.  Because of this 
assumed difference in when awareness begins for VIEW and DISTANCE, the DISTANCE 
variable is populated for transactions occurring in the post-announcement-pre-construction 
period as well as the post-construction period (see Table 14 below), but the VIEW variable is 
populated only for transactions in the post-construction period – as they were in the Base 
Model.76   

Table 14: Frequency Summary for DISTANCE in All Sales Model 

< 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Post-Construction 67 58 2019 1923 870 4937
Post-Announcement-Pre-Construction 13 7 340 277 130 767

TOTAL 80 65 2359 2200 1000 5704  
 
One beneficial consequence of the differences in reference categories for the VIEW and 
DISTANCE variables in this model, as opposed to the Base Model, is that this model can 
accommodate all of the possible VIEW and DISTANCE categories, including NO VIEW 
transactions and transactions of homes outside of five miles.  Because of the inclusion of these 
VIEW and DISTANCE categories, the tests to investigate Area, Scenic Vista, and Nuisance 
Stigmas are slightly different in this model than in the Base Model.  For Area Stigma, for 
example, how homes with no view of the turbines fared can now be tested; if they are adversely 
affected by the presence of the wind facility, then this would imply a pervasive Area Stigma 
impact.  For Scenic Vista Stigma, the VIEW coefficients (MINOR, MODERATE, etc.) can be 
compared (using a t-Test) to the NO VIEW results; if they are significantly different, a Scenic 
Vista Stigma would be an obvious culprit.  Finally, for Nuisance Stigma, the DISTANCE 
coefficients inside of one mile can be compared (using a t-Test) to those outside of five miles; if 
there is a significant difference between these two categories of homes, then homes are likely 
affected by their proximity to the wind facility. 

5.3.2. Analysis of Results 
Results for the variables of interest for this hedonic model are summarized in Table 15, and Base 
Model results are shown for comparison purposes. (For brevity, the full set of results for the 
model is not shown in Table 15, but is instead included in Appendix H.)  The adjusted R2 for the 
model is 0.75, down slightly from 0.77 for the Base Model, and indicating that this model has 
slightly more difficulty (i.e. less explanatory power) modeling transactions that occurred pre-

                                                 
76 It is conceivable that VIEW effects could occur before the turbines are constructed.  In some cases, for example, 
developers will simulate what the project will look like after construction during the post-announcement but pre-
construction timeframe.  In these situations, home buyers and sellers might adjust home values accordingly based on 
the expected views of turbines.  It is assumed, however, that such adjustments are likely to be reasonably rare, and 
VIEW effects are therefore estimated using only post-construction sales. 
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construction.77  All study area, spatial adjustment, and home and site characteristics are 
significant at or above the one percent level and are similar in sign and magnitude to the 
estimates derived from the post-construction Base Model.   
 
The VIEW coefficients (β4) are clearly affected by the change in reference category.  All of the 
VIEW parameter estimates are higher than the Base Model estimates for the same categories.  Of 
particular interest is the NO VIEW coefficient, which represents the values of homes without a 
view of the turbines and that sold in the post-construction period, as compared to the mean value 
of homes that sold in the pre-construction period, all else being equal. These homes, on average, 
are estimated to sell for 2% (p value 0.08) more than similar pre-construction homes.  If an Area 
Stigma existed, a negative coefficient for these NO VIEW homes would be expected.  Instead, a 
positive and statistically significant coefficient is found.78  It is outside the ability of this study to 
determine whether the increase is directly related to the wind turbines, or whether some other 
factor is impacting these results, but in either instance, no evidence of a pervasive Area Stigma 
associated with the presence of the wind facilities is found.  
 
To test for the possibility of Scenic Vista Stigma, the coefficients for MINOR, MODERATE, 
SUBSTANTIAL, and EXTREME views can be compared to the NO VIEW coefficient using a 
simple t-Test.  Table 16 presents these results.  As shown, no significant difference is found for 
any of the VIEW coefficients when compared to NO VIEW transactions.  This reinforces the 
findings earlier that, within the sample at least, there is no evidence of a Scenic Vista Stigma. 
 
The DISTANCE parameter estimates (β5) are also found to be affected by the change in 
reference category, and all are lower than the Base Model estimates for the same categories.  
This result likely indicates that the inflation-adjusted mean value of homes in the pre-
announcement period is slightly higher, on average, than for those homes sold outside of five 
miles in the post-construction period.  This difference could be attributed to the inaccuracy of the 
inflation index, a pervasive effect from the wind turbines, or to some other cause.  Because the 
coefficients are not systematically statistically significant, however, this result is not pursued 
further.  What is of interest, however, is the negative 8% estimate for homes located between 
3000 feet and one mile of the nearest wind turbine (p value 0.03).  To correctly interpret this 
result, and to compare it to the Base Model, one needs to discern if this coefficient is 
significantly different from the estimate for homes located outside of five miles, using a t-Test. 
 
The results of this t-Test are shown in Table 17.  The coefficient differences are found to be 
somewhat monotonically ordered.  Moving from homes within 3000 feet (-0.06, p value 0.22), 
and between 3000 feet and one mile (-0.08, p value 0.04), to between one and three miles (0.00, 
p value 0.93) and between three and five miles (0.01, p value 0.32) the DISTANCE coefficients 
are found to generally increase.  Nonetheless, none of these coefficients are statistically 
significant except one, homes that sold between 3000 feet and one mile.  The latter finding 
suggests the possibility of Nuisance Stigma. It is somewhat unclear why an effect would be 
found in this model, however, when one was not evident in the Base Model. The most likely 
                                                 
77 This slight change in performance is likely due to the inaccuracies of home and site characteristics and the 
inflation adjustment for homes that sold in the early part of the study period.  This is discussed in more detail in 
footnote 50 on page 23. 
78 For more on the significance level used for this report, see footnote 68 on page 30. 
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explanation is that the additional homes that are included in this model, specifically those homes 
that sold post-announcement but pre-construction, are driving the results.  A thorough 
investigation of these “temporal” issues is provided in the next subsection.   
 
In summation, no evidence is found of an Area or Scenic Vista Stigma in this alternative hedonic 
model, but some limited not-conclusive evidence of a Nuisance Stigma is detected.  To further 
explore the reliability of this latter result, the analysis now turns to the Temporal Aspects Model. 

Table 15: Results from All Sales Model 

Variables of Interest Coef SE p Value n Coef SE p Value n
Pre-Construction Sales n/a n/a n/a n/a Omitted Omitted Omitted 2,522  
No View Omitted Omitted Omitted 4,207  0.02 0.01 0.08 4,207  
Minor View -0.01 0.01 0.39 561     0.00 0.02 0.77 561     
Moderate View 0.02 0.03 0.57 106     0.03 0.03 0.41 106     
Substantial View -0.01 0.07 0.92 35       0.03 0.07 0.53 35       
Extreme View 0.02 0.09 0.77 28       0.06 0.08 0.38 28       
Inside 3000 Feet -0.05 0.06 0.31 67       -0.06 0.05 0.18 80       
Between 3000 Feet and 1 Mile -0.05 0.05 0.20 58       -0.08 0.05 0.03 65       
Between 1 and 3 Miles 0.00 0.02 0.80 2,019  0.00 0.01 0.80 2,359  
Between 3 and 5 Miles 0.02 0.01 0.26 1,923  0.01 0.01 0.59 2,200  
Outside 5 Miles Omitted Omitted Omitted 870   0.00 0.02 0.78 1,000
Pre-Announcement Sales n/a n/a n/a n/a Omitted Omitted Omitted 1,755

Model Information
Model Equation Number 1 6
Dependent Variable
Number of Cases 4937 7459
Number of Predictors (k) 37 39
F Statistic 442.8 579.9
Adjusted R Squared 0.77 0.75

LN_SalePrice96 LN_SalePrice96

"Omitted" = reference category for fixed effects variables.  "n" = number of cases in category when category = "1"

Base Model All Sales

 

Table 16: Results from Equality Test of VIEW Coefficients in the All Sales Model 

No View Minor View Moderate 
View

Substantial 
View Extreme View

n 4,207 561 106 35 28
Coefficient 0.02 0.00 0.03 0.03 0.06
Coefficient Difference * Reference -0.02 0.00 0.01 0.04
Variance 0.0001 0.0003 0.0009 0.0030 0.0050
Covariance n/a 0.00011 0.00010 0.00009 0.00008
Df n/a 7419 7419 7419 7419
t -Test n/a -1.20 0.17 0.23 0.58
Significance n/a 0.23 0.87 0.82 0.57

* Differences are rounded to the nearest second decimal place.                                                                                          
"n" = number of cases in category when category = "1"  
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Table 17: Results from Equality Test of DISTANCE Coefficients in the All Sales Model 
Inside 3000 

Feet
Between 3000 

Feet and 1 Mile
Between 1 and 

3 Miles
Between 3 and 

5 Miles
Outside 5 

Miles

n 80 65 2,359 2,200 1,000
Coefficient -0.06 -0.08 0.00 0.01 0.00
Coefficient Difference * -0.05 -0.08 0.00 0.01 Reference
Variance 0.0019 0.0015 0.0002 0.0002 0.0003
Covariance 0.00010 0.00013 0.00013 0.00015 n/a
Df 7419 7419 7419 7419 n/a
t  Test -1.23 -2.06 0.09 1.00 n/a
Significance 0.22 0.04 0.93 0.32 n/a

* Differences are rounded to the nearest second decimal place.                                                                                          
"n" = number of cases in category when category = "1"  

5.4. Temporal Aspects Model 
Based on the results of the All Sales Model, a more thorough investigation of how Nuisance and 
Area Stigma effects might change throughout the wind project development period is warranted.  
As discussed previously, there is some evidence that property value impacts may be particularly 
strong after the announcement of a disamenity, but then may fade with time as the community 
adjusts to the presence of that disamenity (e.g., Wolsink, 1989).  The Temporal Aspects Model 
presented here allows for an investigation of how the different periods of the wind project 
development process affect estimates for the impact of DISTANCE on sales prices.   

5.4.1. Dataset and Model Form  
Here the full set of 7,459 residential transactions is used, allowing an exploration of potential 
property value impacts (focusing on the DISTANCE variable) throughout time, including in the 
pre-construction period.  The following model is then estimated: 
 
( ) 0 1 2 3 4 5

s k v y
ln P N S X VIEW (DISTANCE PERIOD)β β β β β β ε= + + + + + ⋅ +∑ ∑ ∑ ∑  (7) 

where 
DISTANCE is a vector of categorical distance variables (e.g., less than one mile, between one 
and three miles, etc.),  
PERIOD is a vector of categorical development period variables (e.g., after announcement and 
before construction, etc.), 
β5 is a vector of y parameter estimates for each DISTANCE and PERIOD category as compared 
to the transactions more than two years before announcement and outside of five miles, and 
all other components are as defined in equation (1). 
 
The PERIOD variable contains six different options:  
1) More than two years before announcement;  
2) Less than two years before announcement;  
3) After announcement but before construction; 
4) Less than two years after construction;  
5) Between two and four years after construction; and  
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6) More than four years after construction.  
 
In contrast to the Base Model, the two DISTANCE categories inside of one mile are collapsed 
into a single “less than one mile” group.  This approach increases the number of transactions in 
each crossed subcategory of data, and therefore enhances the stability of the parameter estimates 
and decreases the size of the standard errors, thus providing an increased opportunity to discover 
statistically significant effects.  Therefore, in this model the DISTANCE variable contains four 
different options: 
1) Less than one mile;  
2) Between one and three miles; 
3) Between three and five miles; and 
4) Outside of five miles.79  
 
The number of transactions in each of the DISTANCE and PERIOD categories is presented in 
Table 18. 
 
The coefficients of interest are β5, which represent the vector of marginal differences between 
homes sold at various distances from the wind facility (DISTANCE) during various periods of 
the development process (PERIOD) as compared to the reference group.  The reference group in 
this model consists of transactions that occurred more than two years before the facility was 
announced for homes that were situated more than five miles from where the turbines were 
ultimately constructed.  It is assumed that the value of these homes would not be affected by the 
future presence of the wind facility. The VIEW parameters, although included in the model, are 
not interacted with PERIOD and therefore are treated as controlling variables.80  
 
Although the comparisons of these categorical variables between different DISTANCE and 
PERIOD categories is be interesting, it is the comparison of coefficients within each PERIOD 
and DISTANCE category that is the focus of this section.  Such comparisons, for example, allow 
one to compare how the average value of homes inside of one mile that sold two years before 
announcement compare to the average value of homes inside of one mile that sold in the post-
announcement-pre-construction period.  For this comparison, a t-Test similar to that in the All 
Sales Model is used. 

                                                 
79 For homes that sold in the pre-construction time frame, no turbines yet existed, and therefore DISTANCE is 
created using a proxy: the Euclidian distance to where the turbines were eventually constructed. This approach 
introduces some bias when there is more than one facility in the study area.  Conceivably, a home that sold in the 
post-announcement-pre-construction period of one wind facility could also be assigned to the pre-announcement 
period of another facility in the same area.  For this type of sale, it is not entirely clear which PERIOD and 
DISTANCE is most appropriate, but every effort was made to apply the sale to the wind facility that was most likely 
to have an impact.  In most cases this meant choosing the closest facility, but in some cases, when development 
periods were separated by many years, simply the earliest facility was chosen.  In general, any bias created by these 
judgments is expected to be minimal because, in the large majority of cases, the development process in each study 
area was more-or-less continuous and focused in a specific area rather then being spread widely apart. 
80 As discussed earlier, the VIEW variable was considered most relevant for the post-construction period, so 
delineations based on development periods that extended into the pre-construction phase were unnecessary.  It is 
conceivable, however, that VIEW effects vary in periods following construction, such as in the first two years or 
after that.  Although this is an interesting question, the numbers of cases for the SUBSTANTIAL and EXTREME 
ratings – even if combined – when divided into the temporal periods were too small to be fruitful for analysis.  
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Table 18: Frequency Crosstab of DISTANCE and PERIOD 
More Than 2 Years 

Before 
Announcement

Less Than 2 Years 
Before 

Announcement

After 
Announcement 

Before 
Construction

Less Than 2 
Years After 

Construction

Between 2 and 4 
Years After 

Construction

More Than 4 
Years After 

Construction
Total

Less Than 1 Mile 38 40 20 39 45 43 225

Between 1 and 3 Miles 283 592 340 806 502 709 3,232

Between 3 and 5 Miles 157 380 277 572 594 757 2,737

Outside of 5 Miles 132 133 130 218 227 425 1,265

TOTAL 610 1,145 767 1,635 1,368 1,934 7,459  

5.4.2. Analysis of Results 
Results for the variables of interest for this hedonic model are presented in Table 19; as with 
previous models, the full set of results is contained in Appendix H.  Similar to the All Sales 
Model discussed in the previous section, the adjusted R2 for the model is 0.75, down slightly 
from 0.77 for the Base Model, and indicating that this model has slightly more difficulty (i.e., 
less explanatory power) modeling transactions that occurred before wind facility construction.  
All study area, spatial adjustment, and home and site characteristics are significant at or above 
the one percent level, are of the appropriate sign, and are similar in magnitude to the estimates 
derived from the post-construction Base Model.  
 
All of the DISTANCE / PERIOD interaction coefficients for distances outside of one mile are 
relatively small (-0.04 < β5 < 0.02) and none are statistically significant.  This implies that there 
are no statistically significant differences in property values between the reference category 
homes – homes sold more than two years before announcement that were situated outside of five 
miles from where turbines were eventually erected – and any of the categories of homes that sold 
outside of one mile at any other period in the wind project development process.  These 
comparisons demonstrate, arguably more directly than any other model presented in this report 
that Area Stigma effects likely do not exist in the sample.   
 
The possible presence of a Nuisance Stigma is somewhat harder to discern.  For homes that sold 
inside of one mile of the nearest wind turbine, in three of the six periods there are statistically 
significant negative differences between average property values when compared to the 
reference category.  Transactions completed more than two years before facility announcement 
are estimated to be valued at 13% less (p value 0.02) than the reference category, transactions 
less than two years before announcement are 10% lower (p value 0.06), and transactions after 
announcement but before construction are 14% lower (p value 0.04).  For other periods, however, 
these marginal differences are considerably smaller and are not statistically different from the 
reference category.  Sales prices in the first two years after construction are, on average, 9% less 
(p value 0.15), those occurring between three and four years following construction are, on 
average, 1% less (p value 0.86), and those occurring more than four years after construction are, 
on average, 7% less (p value 0.37).   
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Table 19: Results from Temporal Aspects Model 

Variables of Interest Coef SE p Value n
More Than 2 Years Before Announcement -0.13 0.06 0.02 38
Less Than 2 Years Before Announcement -0.10 0.05 0.06 40
After Announcement Before Construction -0.14 0.06 0.04 21
2 Years After Construction -0.09 0.07 0.11 39
Between 2 and 4 Years After Construction -0.01 0.06 0.85 44
More Than 4 Years After Construction -0.07 0.08 0.22 42
More Than 2 Years Before Announcement -0.04 0.03 0.18 283
Less Than 2 Years Before Announcement 0.00 0.03 0.91 592
After Announcement Before Construction -0.02 0.03 0.54 342
2 Years After Construction 0.00 0.03 0.90 807
Between 2 and 4 Years After Construction 0.01 0.03 0.78 503
More Than 4 Years After Construction 0.00 0.03 0.93 710
More Than 2 Years Before Announcement 0.00 0.04 0.92 157
Less Than 2 Years Before Announcement 0.00 0.03 0.97 380
After Announcement Before Construction 0.00 0.03 0.93 299
2 Years After Construction 0.02 0.03 0.55 574
Between 2 and 4 Years After Construction 0.01 0.03 0.65 594
More Than 4 Years After Construction 0.01 0.03 0.67 758
More Than 2 Years Before Announcement Omitted Omitted Omitted 132
Less Than 2 Years Before Announcement -0.03 0.04 0.33 133
After Announcement Before Construction -0.03 0.03 0.39 105
2 Years After Construction -0.03 0.03 0.44 215
Between 2 and 4 Years After Construction 0.03 0.03 0.44 227
More Than 4 Years After Construction 0.01 0.03 0.73 424

Model Information
7

7459
56

404.5
0.75

Number of Cases
Number of Predictors (k)
F Statistic
Adjusted R Squared

LN_SalePrice96

Outside 5 Miles

Between 3-5 
Miles

Between 1-3 
Miles

Inside 1 Mile

Model Equation Number
Dependent Variable

"Omitted" = reference category for fixed effects variables.                                                                                                 
"n" indicates number of cases in category when category = "1"

Temporal Aspects

 
 
What these results suggest (as shown in Figure 8) is that homes inside of one mile in the sample, 
on average, were depressed in value (in relation to the reference category) before and after the 
announcement of the wind facility and up to the point that construction began, but that those 
values rebounded somewhat after construction commenced.81  This conclusion also likely 
explains why a significant and negative effect for homes that sold between 3000 feet and one 
mile is found in the All Sales Model presented in Section 5.3: homes within this distance range 
that sold prior to facility construction were depressed in value and most likely drove the results 
for homes that sold after announcement.  Regardless, these results are not suggestive of a 
pervasive Nuisance Stigma.   
                                                 
81 As discussed in footnotes 47 (on page 19) and 74 (on page 38), the “announcement date” often refers to the first 
time the proposed facility appeared in the press.  “Awareness” of the project in the community may precede this 
date, however, and therefore transactions occurring in the period “less than two years before announcement” could 
conceivably have been influenced by the prospective wind project, but it is considerably less likely that those in the 
period more than two years before announcement would have been influenced. 
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Figure 8: Results from the Temporal Aspects Model 
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The reference category consists of transactions of homes situated more than five miles from where the nearest 
turbine would eventually be located and that occurred more than two years before announcement of the facility
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To explore Nuisance Stigma further, the analysis again turns to the t-Test and compares the 
coefficients for transactions that occurred more than two years before wind facility 
announcement (during which time the future wind facility is not expected to have any impact on 
sales prices) to the estimates for the DISTANCE coefficients in the periods that follow.  These 
results are shown in Table 20.  Focusing on those transactions inside of one mile, it is found that 
all coefficients are greater in magnitude than the reference category except during the post-
announcement-pre-construction period (which is 1% less and is not statistically significant; p 
value 0.90), indicating, on average, that home values are increasing or staying stable from the 
pre-announcement reference period onward.  These increases, however, are not statistically 
significant except in the period of two to four years after construction (0.12, p value 0.08).  With 
respect to Nuisance Stigma, the more important result is that, relative to homes that sold well 
before the wind facility was announced, no statistically significant adverse effect is found in any 
period within a one mile radius of the wind facility.  Therefore, the -5% (albeit not statistically 
significant) average difference that is found in the Base Model, and the -8% (statistically 
significant) result that is found in the All Sales Model (for homes between 3000 feet and one 
mile) appear to both be a reflection of depressed home prices that preceded the construction of 
the relevant wind facilities.  If construction of the wind facilities were downwardly influencing 
the sales prices of these homes, as might be deduced from the Base or All Sales Models alone, a 
diminution in the inflation adjusted price would be seen as compared to pre-announcement levels.  
Instead, an increase is seen.  As such, no persuasive evidence of a Nuisance Stigma is evident 
among this sample of transactions.82 
                                                 
82 It should be noted that the numbers of study areas represented for homes situated inside of one mile but in the 
periods “more than two years before announcement” and “more than four years after construction” are fewer (n = 5) 
than in the other temporal categories (n = 8).  Further, the “more than two years before announcement – inside of 
one mile” category is dominated by transactions from one study area (OKCC).  For these reasons, there is less 
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Turning to the coefficient differences for distances greater than one mile in Table 20, again, no 
statistical evidence of significant adverse impacts on home values is uncovered.  Where 
statistically significant differences are identified, the coefficients are greater than the reference 
category. These findings corroborate the earlier Area Stigma results, and re-affirm the lack of 
evidence for such an effect among the sample of residential transactions included in this analysis. 

Table 20: Results from Equality Test of Temporal Aspects Model Coefficients 
More Than      

2 Years         
Before 

Announcement

Less Than       
2 Years        
Before 

Announcement

After 
Announcement 

Before 
Construction

Less Than         2 
Years        After 

Construction

Between        
2 and 4 Years 

After 
Construction

More Than      
4 Years         
After 

Construction

Less Than 1 Mile Reference 0.03 (0.45) -0.01 (-0.13) 0.04 (0.56) 0.12 (1.74)* 0.06 (0.88)

Between 1 and 3 Miles Reference 0.04 (1.92)* 0.02 (0.86) 0.05 (2.47)** 0.05 (2.27)** 0.04 (1.82)*

Between 3 and 5 Miles Reference 0.01 (0.37) 0.01 (0.34) 0.02 (0.77) 0.02 (0.78) 0.02 (0.79)

Outside of 5 Miles † Reference -0.04 (-0.86) -0.03 (-0.91) -0.03 (-0.77) 0.03 (0.81) 0.01 (0.36)
Numbers in parenthesis are t-Test statistics.  Significance = *** 1% level, ** 5% level, * 10% level, <blank> below the 10% level.

† For homes outside of 5 miles, the coefficient differences are equal to the coefficients in the Temporal Aspects Model, and therefore the t-
values were produced via the OLS.  

5.5. Orientation Model 
All of the hedonic models presented to this point use a VIEW variable that effectively assumes 
that the impact of a view of wind turbines on property values will not vary based on the 
orientation of the home to that view; the impact will be the same whether the view is seen from 
the side of the home or from the back or front.  Other literature, however, has found that the 
impact of wind projects on property values may be orientation-dependent (Sims et al., 2008).  To 
investigate this possibility further a parameter for orientation is included in the model.   

5.5.1. Dataset and Model Form  
The same dataset is used as in the Base Model, focusing on post-construction transactions (n = 
4,937).  To investigate whether the orientation of a home to the turbines (ORIENTATION) has a 
marginal impact on residential property values, over and above that of the VIEW impacts alone, 
the following hedonic model is estimated:83 
                                                                                                                                                             
confidence in these two estimates (-13% and -7% respectively) than for the estimates for other temporal periods 
inside of one mile.  Based on additional sensitivity analysis not included here, it is believed that if they are biased, 
both of these estimates are likely biased downward.  Further, as discussed in footnote 47 on page 19, there is a 
potential for bias in the “announcement” date in that awareness of a project may precede the date that a project 
enters the public record (i.e., the “announcement” date used for this analysis).  Taken together, these two issues 
might imply that the curve shown in Figure 8 for “less than one mile” transactions, instead of having a flat and then 
increasing shape, may have a more of an inverse parabolic (e.g., “U”) shape.  This would imply that a relative 
minimum in sales prices is reached in the period after awareness began of the facility but before construction 
commenced, and then, following construction, prices recovered to levels similar to those prior to announcement (and 
awareness).  These results would be consistent with previous studies (e.g., Wolsink, 1989; Devine-Wright, 2004) but 
cannot be confirmed without the presence of more data.  Further research on this issue is warranted.  In either case, 
such results would not change the conclusion here of an absence of evidence of a pervasive Nuisance Stigma in the 
post-construction period. 
83 The various possible orientations of the home to the view of turbines will be, individually and collectively, 
referred to as “ORIENTATION” in this report. 
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( ) 0 1 2 3 4 5

s k v d

6
o

ln P N S X VIEW DISTANCE

ORIENTATION

β β β β β β

β ε

= + + + + +

+ +

∑ ∑ ∑ ∑

∑
 (8) 

where 
ORIENTATION is a vector of o ORIENTATION variables (e.g., SIDE, FRONT, and BACK), 
β6 is a vector of o parameter estimates for ORIENTATION variables, and 
all other components are as defined in equation (1).84   
 
The ORIENTATION categories include FRONT, BACK, and SIDE, and are defined as follows: 
• SIDE: The orientation of the home to the view of the turbines is from the side.  
• FRONT: The orientation of the home to the view of the turbines is from the front. 
• BACK: The orientation of the home to the view of the turbines is from the back. 
 
The orientation of the home to the view of the wind facilities was determined in the course of the 
field visits to each home.  If more than one orientation to the turbines best described the home 
(e.g., back and side, or front, back, and side) they were coded as such (e.g., turbines visible from 
back and side: SIDE = 1; BACK = 1; FRONT = 0).85   
 
Not surprisingly, ORIENTATION is related to VIEW.  Table 21 and Table 22 provide frequency 
and percentage crosstabs of ORIENTATION and VIEW.  As shown, those homes with more 
dramatic views of the turbines generally have more ORIENTATION ratings applied to them. For 
instance, 25 out of 28 EXTREME VIEW homes have all three ORIENTATION ratings (i.e., 
FRONT, BACK, and SIDE).  Virtually all of the MINOR VIEW homes, on the other hand, have 
only one ORIENTATION.  Further, MINOR VIEW homes have roughly evenly spread 
orientations to the turbines across the various possible categories of FRONT, BACK, and SIDE.  
Conversely, a majority of the MODERATE and SUBSTANTIAL VIEW ratings coincide with an 
ORIENTATION from the back of the house.86 

                                                 
84 Ideally, one would enter ORIENTATION in the model through an interaction with VIEW.  There are two ways 
that could be accomplished: either with the construction of multiple fixed effects (“dummy”) variables, which 
capture each sub-category of VIEW and ORIENTATION, or through a semi-continuous interaction variable, which 
would be created by multiplying the ordered categorical variable VIEW by an ordered categorical variable 
ORIENTATION.  Both interaction scenarios are problematic, the former because it requires increasingly small 
subsets of data, which create unstable coefficient estimates, and the latter because there are no a priori expectations 
for the ordering of an ordered categorical ORIENTATION variable and therefore none could be created and used for 
the interaction.  As a result, no interaction between the two variables is reported here. 
85 An “Angle” orientation was also possible, which was defined as being between Front and Side or Back and Side.  
An Angle orientation was also possible in combination with Back or Front (e.g., Back-Angle or Front-Angle).  In 
this latter case, the orientation was coded as one of the two prominent orientations (e.g., Back or Front).  An Angle 
orientation, not in combination with Front or Back, was coded as Side. 
86 The prevalence of BACK orientations for MODERATE and SUBSTANTIAL VIEW homes may be because 
BACK views might more-frequently be kept without obstruction, relative to SIDE views. 
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Table 21: Frequency Crosstab of VIEW and ORIENTATION 

Minor Moderate Substantial Extreme Total

Front 217 33 17 27 294

Back 164 67 24 25 280

Side 194 17 15 27 253

Total 561 106 35 28 730

VIEW
O

R
IE

N
T

A
T

IO
N

Note: Total of ORIENTATION does not sum to 730 because multiple orientations are 
possible for each VIEW.  

Table 22: Percentage Crosstab of VIEW and ORIENTATION 

Minor Moderate Substantial Extreme Total

Front 39% 31% 49% 96% 40%

Back 29% 63% 69% 89% 38%

Side 35% 16% 43% 96% 35%

VIEW

O
R

IE
N

T
A

T
IO

N

Note: Percentages are calculated as a portion of the total for each VIEW ratings (e.g., 24 of 
the 35 SUBSTANTIAL rated homes have a BACK ORIENTATION = 69%). Columns do not 
sum to 100% because multiple orientations are possible for each VIEW.

 
The parameter estimates of interest in this hedonic model are those for ORIENTATION (β6) and 
VIEW (β4).  β6 represent the marginal impact on home value, over and above that of VIEW 
alone, of having a particular orientation to the turbines.  In the Base Model the VIEW 
coefficients effectively absorb the effects of ORIENTATION, but in this model they are 
estimated separately. Because a home’s surrounding environment is typically viewed from the 
front or back of the house, one would expect that, to the extent that wind facility VIEW impacts 
property values, that impact would be especially severe for homes that have FRONT or BACK 
orientations to those turbines.  If this were the case, the coefficients for these categories would be 
negative, while the coefficient for SIDE would be to be close to zero indicating little to no 
incremental impact from a SIDE ORIENTATION. 

5.5.2. Analysis of Results 
Results for the variables of interest for this hedonic model are shown in Table 23; as with 
previous models, the full set of results is contained in Appendix H.  The model performs well 
with an adjusted R2 of 0.77.  All study area, spatial adjustment, and home and site characteristics 
are significant at or above the one percent level, are of the appropriate sign, and are similar in 
magnitude to the estimates derived from the post-construction Base Model.   The coefficients for 
DISTANCE and VIEW are stable, in sign and magnitude, when compared to the Base Model 
results, and none of the marginal effects are statistically significant.   
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The coefficients for the variables of interest (β6) do not meet the a priori expectations.  The 
estimated effect for SIDE ORIENTATION, instead of being close to zero, is -3% (p value 0.36), 
while BACK and FRONT, instead of being negative and larger, are estimated at 3% (p value 
0.37) and -1% (p value 0.72), respectively.  None of these variables are found to be even 
marginally statistically significant, however, and based on these results, it is concluded that there 
is no evidence that a home’s orientation to a wind facility affects property values in a measurable 
way.  Further, as with previous models, no statistical evidence of a Scenic Vista Stigma is found 
among this sample of sales transactions.  

Table 23: Results from Orientation Model 

Variables of Interest Coef SE p Value n Coef SE p Value n
No View Omitted Omitted Omitted 4207 Omitted Omitted Omitted 4207
Minor View -0.01 0.01 0.39 561 -0.01 0.06 0.88 561
Moderate View 0.02 0.03 0.57 106 0.00 0.06 0.96 106
Substantial View -0.01 0.07 0.92 35 -0.01 0.09 0.85 35
Extreme View 0.02 0.09 0.77 28 0.02 0.17 0.84 28
Inside 3000 Feet -0.05 0.06 0.31 67 -0.04 0.07 0.46 67
Between 3000 Feet and 1 Mile -0.05 0.05 0.20 58 -0.05 0.05 0.26 58
Between 1 and 3 Miles 0.00 0.02 0.80 2019 0.00 0.02 0.83 2019
Between 3 and 5 Miles 0.02 0.01 0.26 1923 0.02 0.01 0.26 1923
Outside 5 Miles Omitted Omitted Omitted 870 Omitted Omitted Omitted 870
Front Orientation  -0.01 0.06 0.72 294
Back Orientation  0.03 0.06 0.37 280
Side Orientation  -0.03 0.06 0.36 253

Model Information     
Model Equation Number 1 8  
Dependent Variable  
Number of Cases 4937 4937  
Number of Predictors (k) 37 40
F Statistic 442.8 410.0
Adjusted R Squared 0.77 0.77

LN_SalePrice96 LN_SalePrice96

Base Model Orientation Model

"Omitted" = reference category for fixed effects variables. "n" = number of cases in category when category = "1"

 

5.6. Overlap Model 
The Orientation Model, presented above, investigated, to some degree, how the potential effects 
of wind turbines might be impacted by how a home is oriented to the surrounding environment.  
In so doing, this model began to peel back the relationship between VIEW and VISTA, but 
stopped short of looking at the relationship directly.  It would be quite useful, though, to 
understand the explicit relationship between the VISTA and VIEW variables.  In particular, one 
might expect that views of wind turbines would have a particularly significant impact on 
residential property values when those views strongly overlap (“OVERLAP”) the prominent 
scenic vista from a home. To investigate this possibility directly, and, in general, the relationship 
between VIEW and VISTA, a parameter for OVERLAP is included in the model.   
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5.6.1. Dataset and Model Form 
Data on the degree to which the view of wind turbines overlaps with the prominent scenic vista 
from the home (OVERLAP) were collected in the course of the field visits to each home.87  The 
categories for OVERLAP included NONE, BARELY, SOMEWHAT, and STRONGLY, and are 
described in Table 24: 88 

Table 24: Definition of OVERLAP Categories 
OVERLAP - NONE The scenic vista does not contain any view of the turbines.

OVERLAP - BARELY
A small portion (~ 0 - 20%) of the scenic vista is overlapped by the view of 
turbines, and might contain a view of a few turbines, only a few of which can 
be seen entirely.  

OVERLAP - SOMEWHAT
A moderate portion (~20-50%) of the scenic vista contains turbines, and 
likely contains a view of more than one turbine, some of which are likely to 
be seen entirely.

OVERLAP - STRONGLY
A large portion (~50-100%) of the scenic vista contains a view of turbines, 
many of which likely can be seen entirely.

 
     
A crosstab describing the OVERLAP designations and the VIEW categories is shown in Table 
25.  As would be expected, the more dramatic views of wind turbines, where the turbines occupy 
more of the panorama, are coincident with the OVERLAP categories of SOMEWHAT or 
STRONGLY.  Nonetheless, STRONGLY are common for all VIEW categories.  Similarly, 
SOMEWHAT is well distributed across the MINOR and MODERATE rated views, while 
BARELY is concentrated in the MINOR rated views.   
 
The same dataset is used as in the Base Model, focusing on post-construction transactions (n = 
4,937).  To investigate whether the overlap of VIEW and VISTA has a marginal impact on 
residential property values, over and above that of the VIEW and VISTA impacts alone, the 
following hedonic model is estimated:89 
  
( ) 0 1 2 3 4 5 6

s k v d t

7
p

ln P N S X VIEW DISTANCE VISTA

OVERLAP

β β β β β β β

β ε

= + + + + + +

+ +

∑ ∑ ∑ ∑ ∑

∑
 (9) 

where 
VIEW is a vector of v categorical view variables (e.g., MINOR, MODERATE, etc.), 
VISTA is a vector of t categorical scenic vista variables (e.g., POOR, BELOW-AVERAGE, etc.), 
OVERLAP is a vector of p categorical overlap variables (e.g., BARELY, SOMEWHAT, etc.), 
                                                 
87 Scenic vista was rated while taking into account the entire panorama surrounding a home.  But, for each home, 
there usually was a prominent direction that offered a preferred scenic vista.  Often, but not always, the home was 
orientated to enjoy that prominent scenic vista.  Overlap is defined as the degree to which the view of the wind 
facility overlaps with this prominent scenic vista. 
88 “…can be seen entirely” refers to being able to see a turbine from the top of the sweep of its blade tips to below 
the nacelle of the turbine where the sweep of the tips intersects the tower. 
89 Although VISTA appears in all models, and is usually included in the vector of home and site characteristics 
represented by X, it is shown separately here so that it can be discussed directly in the text that follows. 
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β4 is a vector of v parameter estimates for VIEW fixed effects variables as compared to 
transactions of homes without a view of the turbines, 
β6 is a vector of t parameter estimates for VISTA fixed effect variables as compared to 
transactions of homes with an AVERAGE scenic vista, 
β7 is a vector of o parameter estimates for OVERLAP fixed effect variables as compared to 
transactions of homes where the view of the turbines had no overlap with the scenic vista, and 
all other components are as defined in equation (1).   
 
The variables of interest in this model are VIEW, VISTA and OVERLAP, and the coefficients β4, 

β6, and β7 are therefore the primary focus.  Theory would predict that the VISTA coefficients in 
this model would be roughly similar to those derived in the Base Model, but that the VIEW 
coefficients may be somewhat more positive as the OVERLAP variables explain a portion of any 
negative impact that wind projects have on residential sales prices.  In that instance, the 
OVERLAP coefficients would be negative, indicating a decrease in sales price when compared 
to those homes that experience no overlap between the view of wind turbines and the primary 
scenic vista.  

Table 25: Frequency Crosstab of OVERLAP and VIEW 

None Minor Moderate Substantial Extreme Total
None 4,207 317 3 0 0 4,527

Barely 0 139 10 1 0 150
Somewhat 0 81 42 7 2 132

Strongly 0 24 51 27 26 128
Total 4,207 561 106 35 28 4,937

VIEW

O
V

E
R

L
A

P

 

5.6.2. Analysis of Results 
Results for the variables of interest for this hedonic model are shown in Table 26; as with 
previous models, the full set of results is contained in Appendix H.  The model performs well 
with an adjusted R2 of 0.77.  All study area, spatial adjustment, and home and site characteristics 
are significant at or above the one percent level, are of the appropriate sign, and are similar in 
magnitude to the estimates derived from the post-construction Base Model.   
 
As expected from theory, the VISTA parameters are stable across models with no change in 
coefficient sign, magnitude, or significance.  Counter to expectations, however, the VIEW 
coefficients, on average, decrease in value.  MINOR VIEW is now estimated to adversely affect 
a home’s sale price by 3% (p value 0.10) and is weakly significant, but none of the other VIEW 
categories are found to be statistically significant.  Oddly, the OVERLAP rating of BARELY is 
found to significantly increase home values by 5% (p value 0.08), while none of the other 
OVERLAP ratings are found to have a statistically significant impact.   
 
Taken at face value, these results are counterintuitive. For instance, absent any overlap of view 
with the scenic vista (NONE), a home with a MINOR view sells for 3% less than a home with no 
view of the turbines.  If, alternatively, a home with a MINOR view BARELY overlaps the 
prominent scenic vista, it not only enjoys a 2% increase in value over a home with NO VIEW of 
the turbines but a 5% increase in value over homes with views of the turbines that do not overlap 
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with the scenic vista.  In other words, the sales price increases when views of turbines overlap 
the prominent scenic vista, at least in the BARELY category.  A more likely explanation for 
these results are that the relatively high correlation (0.68) between the VIEW and OVERLAP 
parameters is spuriously driving one set of parameters up and the other down.  More importantly, 
when the parameters are combined, they offer a similar result as was found in the Base Model.  
Therefore, it seems that the degree to which the view of turbines overlaps the scenic vista has a 
negligible effect on sales prices among the sample of sales transactions analyzed here.90 
 
Despite these somewhat peculiar results, other than MINOR, none of the VIEW categories are 
found to have statistically significant impacts, even after accounting for the degree to which 
those views overlap the scenic vista.  Similarly, none of the OVERLAP variables are 
simultaneously negative and statistically significant.  This implies, once again, that a Scenic 
Vista Stigma is unlikely to be present in the sample.  Additionally, none of the DISTANCE 
coefficients are statistically significant, and those coefficients remain largely unchanged from the 
Base Model, reaffirming previous results in which no significant evidence of either an Area or a 
Nuisance Stigma was found. 

                                                 
90 An alternative approach to this model was also considered, one that includes an interaction term between VIEW 
and VISTA.  For this model it is assumed that homes with higher rated scenic vistas might have higher rated views 
of turbines, and that these views of turbines would decrease the values of the scenic vista.  To construct the 
interaction, VISTA, which can be between one and five (e.g., POOR=1,…PREMIUM=5), was multiplied by VIEW, 
which can be between zero and four (e.g. NO VIEW=0, MINOR=1,…EXTREME=4).  The resulting interaction 
(VIEW*VISTA) therefore was between zero and sixteen (there were no PREMIUM VISTA homes with an 
EXTREME VIEW), with zero representing homes without a view of the turbines, one representing homes with a 
POOR VISTA and a MINOR VIEW, and sixteen representing homes with either a PREMIUM VISTA and a 
SUBSTANTIAL VIEW or an ABOVE AVERAGE VISTA and an EXTREME VIEW.  The interaction term, when 
included in the model, was relatively small (-0.013) and weakly significant (p value 0.10 – not White’s corrected).  
The VISTA estimates were unchanged and the VIEW parameters were considerably larger and positive.  For 
instance, EXTREME was 2% in the Base Model and 16% in this “interaction” model.  Similarly, SUBSTANTIAL 
was -1% in the Base Model and 13% in this model.  Therefore, although the interaction term is negative and weakly 
significant, the resulting VIEW estimates, to which it would need to be added, fully offset this negative effect.  
These results support the idea that the degree to which a VIEW overlaps VISTA has a likely negligible effect on 
sales prices, while also confirming that there is a high correlation between the interaction term and VIEW variables. 
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Table 26: Results from Overlap Model 

Variables of Interest Coef SE p Value n Coef SE p Value n
No View Omitted Omitted Omitted 4,207   Omitted Omitted Omitted 4,207  
Minor View -0.01 0.01 0.39 561      -0.03 0.02 0.10 561     
Moderate View 0.02 0.03 0.57 106      -0.02 0.04 0.65 106     
Substantial View -0.01 0.07 0.92 35        -0.05 0.09 0.43 35       
Extreme View 0.02 0.09 0.77 28        -0.03 0.10 0.73 28       
Inside 3000 Feet -0.05 0.06 0.31 67        -0.05 0.06 0.32 67       
Between 3000 Feet and 1 Mile -0.05 0.05 0.20 58        -0.05 0.05 0.27 58       
Between 1 and 3 Miles 0.00 0.02 0.80 2,019   0.00 0.02 0.82 2,019  
Between 3 and 5 Miles 0.02 0.01 0.26 1,923   0.02 0.01 0.26 1,923  
Outside 5 Miles Omitted Omitted Omitted 870    Omitted Omitted Omitted 870   
Poor Vista -0.21 0.02 0.00 310    -0.21 0.02 0.00 310   
Below Average Vista -0.08 0.01 0.00 2,857 -0.08 0.01 0.00 2,857
Average Vista Omitted Omitted Omitted 1,247 Omitted Omitted Omitted 1,247
Above Average Vista 0.10 0.02 0.00 448    0.10 0.02 0.00 448   
Premium Vista 0.13 0.04 0.00 75      0.13 0.04 0.00 75     
View Does Not Overlap Vista  Omitted Omitted Omitted 320   
View Barely Overlaps Vista  0.05 0.03 0.08 150   
View Somewhat Overlaps Vista  0.01 0.03 0.66 132   
View Strongly Overlaps Vista  0.05 0.05 0.23 128   

Model Information     
Model Equation Number 1 9  
Dependent Variable  
Number of Cases 4937 4937  
Number of Predictors (k) 37 40
F Statistic 442.8 409.7
Adjusted R Squared 0.77 0.77

LN_SalePrice96 LN_SalePrice96

"Omitted" = reference category for fixed effects variables. "n" = number of cases in category when category = "1"

Base Model Overlap Model
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6. Repeat Sales Analysis 
In general, the Base and Alternative Hedonic Models presented in previous sections come to the 
same basic conclusion: wind power facilities in this sample have no demonstrable, widespread, 
sizable, and statistically significant affect on residential property values.  These hedonic models 
contain 29 or more controlling variables (e.g., house and site characteristics) to account for 
differences in home values across the sample.  Although these models perform well and explain 
nearly 80% of the variation in sales prices among homes in the sample, it is always possible that 
variables not included in (i.e., “omitted from”) the hedonic models could be correlated with the 
variables of interest, therefore biasing the results.   
 
A common method used to control for omitted variable bias in the home assessment literature is 
to estimate a repeat sales model (Palmquist, 1982).  This technique focuses on just those homes 
that have sold on more than one occasion, preferably once before and once after the introduction 
of a possible disamenity, and investigates whether the price appreciation between these 
transactions is affected by the presence of that disamenity.  In this section a repeat sales analysis 
is applied to the dataset, investigating in a different way the presence of the three possible 
property value stigmas associated with wind facilities, and therefore providing an important 
cross-check to the hedonic model results.  The section begins with a brief discussion of the 
general form of the Repeat Sales Model and a summary of the literature that has employed this 
approach to investigate environmental disamenities.  The dataset and model used in the analysis 
is then described, followed by a summary of the results from that analysis.     

6.1. Repeat Sales Models and Environmental Disamenities Literature 
Repeat sales models use the annual sales-price appreciation rates of homes as the dependent 
variable.  Because house, home site, and neighborhood characteristics are relatively stable over 
time for any individual home, many of those characteristics need not be included in the repeat 
sales model, thereby increasing the degrees of freedom and allowing sample size requirements to 
be significantly lower and coefficient estimates to be more efficient (Crone and Voith, 1992).  A 
repeat sales analysis is not necessarily preferred over a traditional hedonic model, but is rather an 
alternative analysis approach that can be used to test the robustness of the earlier results (for 
further discussion see Jackson, 2003).  The repeat sales model takes the basic form: 
 
Annual Appreciation Rate (AAR) = f (TYPE OF HOUSE, OTHER FACTORS)       
 
where  
TYPE OF HOUSE provides an indication of the segment of the market in which the house is 
situated (e.g., high end vs. low end), and  
OTHER FACTORS include, but are not limited to, changes to the environment (e.g., proximity 
to a disamenity).   
 
The dependent variable is the adjusted annual appreciation rate and is defined as follows: 

( )1 2

1 2

ln P / P
AAR exp 1

t t
⎡ ⎤

= −⎢ ⎥−⎣ ⎦
 (10)  

where  
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P1 is the adjusted sales price at the first sale (in 1996 dollars), 
P2 is the adjusted sales price at the second sale (in 1996 dollars), 
t1 is the date of the first sale,  
t2 is the date of the second sale, and 
(t1 – t2) is determined by calculating the number of days that separate the sale dates and dividing 
by 365.    
 
As with the hedonic regression model, the usefulness of the repeat sales model is well 
established in the literature when investigating possible disamenities.  For example, a repeat 
sales analysis was used to estimate spatial and temporal sales price effects from incinerators by 
Kiel and McClain (1995), who found that appreciation rates, on average, are not sensitive to 
distance from the facility during the construction phase but are during the operation phase. 
Similarly, McCluskey and Rausser (2003) used a repeat sales model to investigate effects 
surrounding a hazardous waste site.  They found that appreciation rates are not sensitive to the 
home’s distance from the disamenity before that disamenity is identified by the EPA as 
hazardous, but that home values are impacted by distance after the EPA’s identification is made.   

6.2. Dataset  
The 7,459 residential sales transactions in the dataset contain a total of 1,253 transactions that 
involve homes that sold on more than one occasion (i.e., a “pair” of sales of the same home).  
For the purposes of this analysis, however, the key sample consists of homes that sold once 
before the announcement of the wind facility, and that subsequently sold again after the 
construction of that facility.  Therefore any homes that sold twice in either the pre-announcement 
or post-construction periods were not used in the repeat sales sample.91  These were excluded 
because either they occurred before the effect would be present (for pre-announcement pairs) or 
after (for post-announcement pairs).  This left a total of 368 pairs for the analysis, which was 
subsequently reduced to 354 usable pairs.92 
 
The mean AAR for the sample is 1.0% per year, with a low of -10.5% and a high of 13.4%.  
Table 27 summarizes some of the characteristics of the homes used in the repeat sales model.  
The average house in the sample has 1,580 square feet of above-ground finished living area, sits 
on a parcel of 0.67 acres, and originally sold for $70,483 (real 1996 dollars).  When it sold a 
second time, the average home in the sample was located 2.96 miles from the nearest wind 
turbine (14 homes were within one mile, 199 between one and three miles, 116 between three 
and five miles, and 25 outside of five miles).  Of the 354 homes, 14% (n = 49) had some view of 
the facility (35 were rated MINOR, five MODERATE, and nine either SUBSTANTIAL or 
EXTREME).  Because of the restriction to those homes that experienced repeat sales, the sample 
is relatively small for those homes in close proximity to and with dramatic views of wind 
facilities. 

                                                 
91 752 pairs occurred after construction began, whereas 133 pairs occurred before announcement. 
92 Of the 368 pairs, 14 were found to have an AAR that was either significantly above or below the mean for the 
sample (mean +/- 2 standard deviations).  These pairs were considered highly likely to be associated with homes that 
were either renovated or left to deteriorate between sales, and therefore were removed from the repeat sales model 
dataset.  Only two of these 14 homes had views of the wind turbines, both of which were MINOR.  All 14 of the 
homes were situated either between one and three miles from the nearest turbine (n = 8) or between three and five 
miles away (n = 6). 
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Table 27: List of Variables Included in the Repeat Sales Model 

Variable Name Description Type Sign Freq. Mean Std. Dev. Min. Max.

SalePrice96_Pre
 The Sale Price (adjusted for inflation into 1996 dollars) of 

the home as of the first time it had sold C + 354 70,483$   37,798$   13,411$   291,499$   

SalePrice96_Pre_Sqr  SalePrice96_Pre Squared (shown in millions) C – 354 6,393$     8,258$     180$        84,972$     

Acres  Number of Acres that sold with the residence C + 354 0.67 1.34 0.07 10.96

Sqft_1000
 Number of square feet of finished above ground living area 

(in 1000s) C + 354 1.58 0.56 0.59 4.06

No View
 If the home had no view of the turbines when it sold for the 

second time (Yes = 1, No = 0) Omitted n/a 305 0.86 0.35 0 1

Minor View
 If the home had a Minor View of the turbines when it sold 

for the second time (Yes = 1, No = 0) OC _ 35 0.10 0.30 0 1

Moderate View
 If the home had a Moderate View of the turbines when it 

sold for the second time (Yes = 1, No = 0) OC _ 5 0.01 0.12 0 1

Substantial/Extreme View
 If the home had a Substantial or Extreme View of the 

turbines when it sold for the second time (Yes = 1, No = 0) OC _ 9 0.03 0.12 0 1

Less than 1 Mile
 If the home was within 1 mile (5280 feet) of the turbines 

when it sold for the second time (Yes = 1, No = 0) OC _ 14 0.02 0.13 0 1

Between 1 and 3 Miles
 If the home was between 1 and 3 miles of the turbines when 

it sold for the second time (Yes = 1, No = 0) OC
_

199 0.56 0.50 0 1

Between 3 and 5 Miles
 If the home was between 3 and 5 miles of the turbines when 

it sold for the second time (Yes = 1, No = 0) OC _ 116 0.33 0.47 0 1

Outside 5 Miles
 If the home was outside 5 miles of the turbines when it sold 

for the second time (Yes = 1, No = 0) Omitted n/a 25 0.07 0.26 0 1

"C" Continuous, "OC" Ordered Categorical (1 = yes, 0 = no) values are interpreted in relation to the "Omitted" category. This table does not include the study area fixed 
effects variables that are included in the model (e.g., WAOR, TXHC, NYMC).  The reference case for these variables is the WAOR study area.  

6.3. Model Form  
To investigate the presence of Area, Scenic Vista, and Nuisance Stigmas, the adjusted annual 
appreciation rate (AAR) is calculated for the 354 sales pairs in the manner described in equation 
(10), using inflation adjusted sales prices.  The following model is then estimated: 
 

0 1 2 3 4
s k v d

AAR S X VIEW DISTANCEβ β β β β ε= + + + + +∑ ∑ ∑ ∑  (11) 

where 
AAR represents the inflation-adjusted Annual Appreciation Rate for repeat sales, 
S is the vector of s Study Area fixed effects variables (e.g., WAOR, OKCC, etc.), 
X is a vector of k home, site and sale characteristics (e.g., acres, square feet, original sales price), 
VIEW is a vector of v categorical view variables (e.g., MINOR, MODERATE, etc.), 
DISTANCE is a vector of d categorical distance variables (e.g., less than one mile, between one 
and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a vector of s parameter estimates for the study area fixed effects as compared to sales that 
occurred in the WAOR study area, 
β2 is a vector of k parameter estimates for the home, site, and sale characteristics,  
β3 is a vector of v parameter estimates for the VIEW variables as compared to transactions of 
homes with no view of the turbines, 
β4 is a vector of d parameter estimates for the DISTANCE variables as compared to transactions 
of  homes outside of five miles, and  
ε is a random disturbance term. 
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Effectively, this model seeks to identify reasons that AARs vary among those sales pairs in the 
sample.  Reasons for such differences in AARs might include variations in home and site 
characteristics, the study area in which the sale occurs, or the degree to which the home is in 
proximity to or has a dramatic view of a wind facility. As such, the model as shown by equation 
(11) has three primary groups of parameters: variables of interest; home, site, and sale 
characteristics; and study area fixed effects.  
 
The variables of interest are VIEW and DISTANCE, and the coefficients β3 and β4 are therefore 
the primary focus of this analysis.  Because of the small numbers of homes in the sample situated 
inside of 3000 feet and between 3000 feet and one mile, they are collapsed into a single category 
(inside one mile).  For the same reason, homes with SUBSTANTIAL or EXTREME VIEWS are 
collapsed into a single category (SUBSTANTIAL/EXTREME).  In this model, therefore, the 
influence on appreciation rates of the following variables of interest is estimated: MINOR, 
MODERATE, and SUBSTANTIAL/EXTREME VIEWS, and less than one mile, between one 
and three mile, and between three and five mile DISTANCES.  For the VIEW fixed-effects 
variables, the reference category is NO VIEW; for DISTANCE, it is homes outside of five miles.  
As with previous models, if effects exist, it is expected that all of the coefficients would be 
negative and monotonically ordered.   
 
The number of home, site, and sale characteristics included in a repeat sales model is typically 
substantially lower than in a hedonic model.  This is to be expected because, as discussed earlier, 
the repeat sales model explores variations in AARs for sales pairs from individual homes, and 
home and site characteristics are relatively stable over time for any individual home.  
Nonetheless, various characteristics have been found by others (e.g., Kiel and McClain, 1995; 
McCluskey and Rausser, 2003) to affect appreciation rates.  For the purposes of the Repeat Sales 
Model, these include the number of square feet of living space (SQFT_1000), the number of 
acres (ACRES), the inflation-adjusted price of the home at the first sale (SalePrice96_Pre), and 
that sales price squared (SalePrice96_Pre_Sqr).  Of those characteristics, the SQFT_1000 and 
ACRES coefficients are expected to be positive indicating that, all else being equal, an increase 
in living area and lot size increases the relative appreciation rate.  Conversely, it is expected that 
the combined estimated effect of the initial sales prices (SalePrice96_Pre and 
SalePrice96_Pre_Sqr) will trend downward, implying that as the initial sales price of the house 
increases the appreciation rate decreases.  These expectations are in line with the previous 
literature (Kiel and McClain, 1995; McCluskey and Rausser, 2003).   
 
Finally, the study-area fixed effects variables (β1) are included in this model to account for 
differences in inflation adjusted appreciation rates that may exist across study areas (e.g., WAOR, 
TXHC, NYMC).  The WAOR study area is the reference category, and all study-area 
coefficients therefore represent the marginal change in AARs compared to WAOR (the intercept 
represents the marginal change in AAR for WAOR by itself).  These study area parameters 
provide a unique look into Area Stigma effects.  Recall that the appreciation rates used in this 
model are adjusted for inflation by using an inflation index from the nearby municipal statistical 
area (MSA).  These MSAs are sometimes quite far away (as much as 20 miles) and therefore 
would be unaffected by the wind facility.  As such, any variation in the study area parameters 
(and the intercept) would be the result of local influences not otherwise captured in the inflation 
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adjustment, and represent another test for Area Stigma; if effects exist, it is expected that the β0 
and β1 coefficients will be negative.  
 
As with the hedonic models presented earlier, the assumptions of homoskedasticity, absence of 
spatial autocorrelation, reasonably little multicollinearity, and appropriate controls for outliers 
are addressed as described in the associated footnote and in Appendix G.93     

6.4. Analysis of Results 
The results from the Repeat Sales Model are presented in Table 28.  The model performs 
relatively poorly overall, with an Adjusted R2 of just 0.19 (and an F-test statistic of 5.2).  Other 
similar analyses in the literature have produced higher performance statistics but have done so 
with samples that are considerably larger or more homogenous than ours.94  The low R2 found 
here should not be cause for undue concern, however, given the relatively small sample spread 
across ten different study areas.  Moreover, many of the home and site characteristics are found 
to be statistically significant, and of the appropriate sign.  The coefficient for the adjusted initial 
sales price (SalePrice96_Pre), for example, is statistically significant, small, and negative (-
0.000001, p value 0.00), while the coefficient for the adjusted initial sales price squared 
(SalePrice96_Pre_Sqr) is also statistically significant and considerably smaller (<0.000000, p 
value 0.00).  These results imply, consistent with the prior literature, that for those homes in the 
sample, an increase in initial adjusted sales price decreases the average percentage appreciation 
rate.  ACRES (0.002, p value 0.10) and SQFT_1000 (0.02, p value 0.00) are both positive, as 
expected, and statistically significant.   
 
Of particular interest are the intercept term and the associated study-area fixed effect coefficients, 
and what they collectively say about Area Stigma.  The coefficient for the intercept (β0) is 0.005 
(p value 0.81), which is both extremely small and not statistically significant.  Likewise, the 
study-area fixed effects are all relatively small (less than 0.03 in absolute terms) and none are 
statistically significant.  As discussed above, if a pervasive Area Stigma existed, it would be 
expected to be represented in these coefficients.  Because all are small and statistically 
insignificant, it can again be concluded that there is no persuasive evidence of an Area Stigma 
among this sample of home transactions. 

                                                 
93 All results are produced using White’s corrected standard errors to control for heteroskedasticity.  Spatial 
autocorrelation, with this small sample, is impossible to control.  Because of the small sample, an even smaller 
number of neighboring sales exist, which are required to construct the spatial matrix.  As such, spatial 
autocorrelation is not addressed in the repeat sales model. As with the hedonic models, some multicollinearity might 
exist, but that multicollinearity is unlikely to be correlated with the variables of interest.  Outliers are investigated 
and dealt with as discussed in footnote 91 on page 56. 
94 McCluskey and Rausser (2003) had a sample of over 30,000 repeat sales and had an F-test statistic of 105; Kiel 
and McClain (1995) produced an R2 that ranged from 0.40 to 0.63 with samples ranging from 53 to 145, but all sales 
took place in North Andover, MA. 
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Table 28: Results from Repeat Sales Model 
Coef. SE p Value n

Intercept 0.005 0.02 0.81 354
WAOR Omitted Omitted Omitted 6
TXHC -0.01 0.02 0.63 57
OKCC 0.03 0.02 0.11 102
IABV 0.02 0.02 0.14 59
ILLC -0.01 0.02 0.38 18
WIKCDC 0.02 0.03 0.50 8
PASC -0.01 0.02 0.67 32
PAWC 0.02 0.02 0.16 35
NYMCOC 0.02 0.02 0.23 24
NYMC 0.03 0.02 0.13 13
SalePrice96 Pre -0.000001 0.0000002 0.00 354
SalePrice96 Pre Sqr 0.0000000 0.0000000 0.00 354
Acres 0.002 0.001 0.10 354
Sqft 1000 0.02 0.01 0.00 354
No View Omitted Omitted Omitted 305
Minor View -0.02 0.01 0.02 35
Moderate View 0.03 0.03 0.29 5
Substantial/Extreme View -0.02 0.01 0.09 9
Less than 1 Mile 0.03 0.01 0.01 14
Between 1 and 3 Miles 0.01 0.01 0.59 199
Between 3 and 5 Miles 0.01 0.01 0.53 116
Outside 5 Miles Omitted Omitted Omitted 25

Model Information  
Model Equation Number 11
Dependent Variable
Number of Cases 354
Number of Predictors (k) 19
F Statistic 5.2
Adjusted R2 0.19

SalePrice96_AAR

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"

 
 
Turning to the variables of interest, mixed results (see Figure 9 and Figure 10) are found.  For 
homes with MINOR or SUBSTANTIAL/EXTREME VIEWS, despite small sample sizes, 
appreciation rates after adjusting for inflation are found to decrease by roughly 2% annually (p 
values of 0.02 and 0.09, respectively) compared to homes with NO VIEW.  Though these 
findings initially seem to suggest the presence of Scenic Vista Stigma, the coefficients are not 
monotonically ordered, counter to what one might expect: homes with a MODERATE rated 
view appreciated on average 3% annually (p value 0.29) compared to homes with NO VIEW.  
Adding to the suspicion of these VIEW results, the DISTANCE coefficient for homes situated 
inside of one mile, where eight out of the nine SUBSTANTIAL/EXTREME rated homes are 
located, is positive and statistically significant (0.03, p value 0.01).  If interpreted literally, these 
results suggest that a home inside of one mile with a SUBSTANTIAL/EXTREME rated view 
would experience a decrease in annual appreciation of 2% compared to homes with no views of 
turbines, but simultaneously would experience an increase of 3% in appreciation compared to 
homes outside of five miles.  Therefore, when compared to those homes outside of five miles and 
with no view of the wind facilities, these homes would experience an overall increase in AAR by 
1%.  These results are counterintuitive and are likely driven by the small number of sales pairs 
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that are located within one mile of the wind turbines and experience a dramatic view of those 
turbines.   

Figure 9: Repeat Sales Model Results for VIEW 
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Figure 10: Repeat Sales Model Results for DISTANCE 
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Regardless of the reason for this result, again no persuasive evidence of consistent and 
widespread adverse effects is found from the presence of the wind facilities in the sample, 
reinforcing the findings from the previous hedonic analysis.  Specifically, there is no evidence 
that an Area Stigma exists in that homes outside of one mile and inside of five miles do not 
appreciate differently than homes farther away.  Similarly, there is no evidence of a Nuisance 
Stigma. Appreciation rates for homes inside of one mile are not adversely affected; in fact, 
significantly higher appreciation rates are found for these homes than for those homes located 
outside of five miles from the nearest wind facility.  Finally, though some evidence is found that 
a Scenic Vista Stigma may exist in the sample of repeat sales, it is weak, fairly small, and 
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somewhat counter-intuitive.  This result is likely driven by the small number of sales pairs that 
are located within one mile of the wind turbines and that experience a dramatic view of those 
turbines.   
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7. Sales Volume Analysis 
The analysis findings to this point suggest that, among the sample of sales transactions analyzed 
in this report, wind facilities have had no widespread and statistically identifiable impact on 
residential property values.  A related concern that has not yet been addressed is that of sales 
volume: does the presence of wind facilities either increase or decrease the rate of home sales 
transactions?  On the one hand, a decrease in sales volumes might be expected.  This might occur 
if homeowners expect that their property values will be impacted by the presence of the wind 
facility, and therefore simply choose not to sell their homes as a result, or if they try to sell but 
are not easily able to find willing buyers.  Alternatively, an increase in sales volume might be 
expected if homeowners that are located near to or have a dominating view of wind turbines are 
uncomfortable with the presence of those turbines.  Though those homes may sell at a market 
value that is not impacted by the presence of the wind facilities, self-selection may lead to 
accelerated transaction volumes shortly after facility announcement or construction as 
homeowners who view the turbines unfavorably sell their homes to individuals who are not so 
stigmatized.  To address the question of whether and how sales volumes are impacted by nearby 
wind facilities, sales volumes are analyzed for those homes located at various distances from the 
wind facilities in the sample, during different facility development periods. 

7.1. Dataset  
To investigate whether sales volumes are affected by the presence of wind facilities two sets of 
data are assembled: (1) the number of homes available to sell annually within each study area, 
and (2) the number of homes that actually did sell annually in those areas.  Homes potentially 
“available to sell” are defined as all single family residences within five miles of the nearest 
turbine that are located on a parcel of land less than 25 acres in size, that have only one 
residential structure, and that had a market value (for land and improvements) above $10,000.95  
Homes that “did sell” are defined as every valid sale of a single family residence within five 
miles of the nearest turbine that are located on a parcel of land less than 25 acres in size, that 
have only one residential structure, and that sold for more than $10,000.  
 
The sales data used for this analysis are slightly different from those used in the hedonic analysis 
reported earlier.  As mentioned in Section 3.3, a number of study areas were randomly sampled 
to limit the transactions outside of 3 miles if the total number of transactions were to exceed that 
which could efficiently be visited in the field (n ~1,250).  For the sales volume analysis, however, 
field data collection was not required, and all relevant transactions could therefore be used.  
Secondly, two study areas did not provide the data necessary for the sales volume analysis 
(WAOR and OKCC), and are therefore excluded from the sample.  Finally, data for some homes 
that were “available to sell” were not complete, and rather than including only a small selection 
of these homes, these subsets of data were simply excluded from the analysis.  These excluded 
homes include those located outside of five miles of the nearest wind turbine, and those available 
to sell or that did sell more than three years before wind facility announcement.96  The resulting 

                                                 
95 “Market value” is the estimated price at which a home would sell as of a given point in time. 
96 For instance, some providers supplied sales data out to ten miles, but only provided homes available to sell out to 
five miles.  As well, data on homes that did sell were not consistently available for periods many years before 
announcement. 
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dataset spans the period starting three years prior to facility announcement and ending four years 
after construction.  All homes in this dataset are situated inside of five miles, and each is located 
in one of the eight represented study areas.97   
 
The final set of homes potentially “available to sell” and that actually “did sell” are then 
segmented into three distance categories: inside of one mile, between one and three miles, and 
between three and five miles.  For each of these three distance categories, in each of the eight 
study areas, and for each of the three years prior to announcement, the period between 
announcement and construction, and each of the four years following construction, the number 
of homes that sold as a percentage of those available to sell is calculated.98  This results in a total 
of 24 separate sales volume calculations in each study area, for a total of 192 calculations across 
all study areas.  Finally, these sales volumes are averaged across all study areas into four 
development period categories: less than three years before announcement, after announcement 
but before construction, less than two years after construction, and between two and four years 
after construction.99  The resulting average annual sales volumes, by distance band and 
development period, are shown in Table 29 and Figure 11. 

Table 29: Sales Volumes by PERIOD and DISTANCE 
Inside        
1 Mile

Between      
1 and 3 Miles

Between       
3 and 5 Miles

Less Than 3 Years Before Announcement 2.2% 1.8% 2.3%
After Announcement Before Construction 3.0% 2.5% 3.7%
Less Than 2 Years After Construction 2.1% 3.0% 4.2%
Between 2 and 4 Years After Construction 2.8% 2.8% 4.2%  
 

                                                 
97 The number of homes “available to sell” is constructed for each year after 1996 based on the year the homes in 
each study area were built.  For many homes in the sample, the year built occurred more than three years before 
wind facility announcement, and therefore those homes are “available to sell” in all subsequent periods.  For some 
homes, however, the home was built during the wind facility development process, and therefore becomes 
“available” some time after the first period of interest.  For those homes, the build year is matched to the 
development dates so that it becomes “available” during the appropriate period.  For this reason, the number of 
homes “available to sell” increases in later periods. 
98 For the period after announcement and before construction, which in all study areas was not exactly 12 months, 
the sales volume numbers are adjusted so that they corresponded to an average over a 12 month period. 
99 These temporal groupings are slightly different from those used in the hedonic Temporal Aspects Model.  
Namely, the period before announcement is not divided into two parts – more than two years before announcement 
and less than two years before announcement – but rather only one – less than three years before announcement.  
This simplification is made to allow each of the interaction categories to have enough data to be meaningful. 
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Figure 11: Sales Volumes by PERIOD and DISTANCE 
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7.2. Model Form 
To investigate whether the rate of sales transactions is measurably affected by the wind facilities, 
the various resulting sales volumes shown above in Table 29 and Figure 11 are compared using a 
t-Test, as follows:   

1 2

2 2
1 2

1 2

(x x )t
s s
n n

−
=

+

 (12) 

where 
1 2x and x  are the mean sales volumes from the two categories being compared,  
2 2
1 2s and s  are variances of the sales volumes from the two categories being compared, and  

1 2n and n  are numbers of representative volumes in the two categories.100 
The degrees of freedom used to calculate the p-value of the t statistic equals the lower of (n1 – 1) 
or (n2 – 1).   
 
Three sets of t-Tests are conducted.  First, to test whether sales volumes have changed with time 
and are correlated with wind facility construction, the volumes for each DISTANCE group in 
later periods (x1) are compared to the volume in that same group in the pre-announcement period 
(x2).  Second, to test whether sales volumes are impacted by distance to the nearest wind turbine, 
the volumes for each PERIOD group at distances closer to the turbines (x1) are compared to the 
volume in that same group in the three to five mile distance band (x2).  Finally, for reasons that 
will become obvious later, the sales volumes for each PERIOD group at distances within one 

                                                 
100 The number of representative volumes could differ between the two categories.  For instance, the “less than three 
years before announcement” category represents three years – and therefore three volumes – for each study area for 
each distance band, while the “less than two years after construction” category represents two years – and therefore 
two volumes – for each study area for each distance band. 
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mile and outside of three miles of the turbines (x1) are compared to the sales volume in that same 
group in the one to three mile distance band (x2).  These three tests help to evaluate whether sales 
volumes are significantly different after wind facilities are announced and constructed, and 
whether sales volumes near the turbines are affected differently than for those homes located 
farther away.101 

7.3. Analysis of Results 
Table 29 and Figure 11 above show the sales volumes in each PERIOD and DISTANCE 
category, and can be interpreted as the percentage of homes that are available to sell that did sell 
in each category, on an annual average basis.  The sales volume between one and three miles and 
before facility announcement is the lowest, at 1.8%, whereas the sales volumes for homes 
located between three and five miles in both periods following construction are the highest, at 
4.2%.   
 
The difference between these two sales volumes can be explained, in part, by two distinct trends 
that are immediately noticeable from the data presented in Figure 11.  First, sales volumes in all 
periods are highest for those homes located in the three to five mile distance band.  Second, sales 
volumes at virtually all distances are higher after wind facility announcement than they were 
before announcement.102   
 
To test whether these apparent trends are borne out statistically the three sets of t-Tests described 
earlier are performed, the results of which are shown in Table 30, Table 31, and Table 32.  In 
each table, the difference between the subject volume (x1) and the reference volume (x2) is listed 
first, followed by the t statistic, and whether the statistic is significant at or above the 90% level 
(“*”). 
 
Table 30 shows that mean sales volumes in the post-announcement periods are consistently 
greater than those in the pre-announcement period, and that those differences are statistically 
significant in four out of the nine categories. For example, the post-construction sales volumes 
for homes in the three to five mile distance band in the period less than two years after 
construction (4.2%) and between three and four years after construction (4.2%) are significantly 
greater than the pre-announcement volume of 2.3% (1.9%, t = 2.40; 1.9%, t = 2.31).  Similarly, 
the post-construction sales volumes between one and three miles are significantly greater than 
the pre-announcement volume.  These statistically significant differences, it should be noted, 
could be as much related to the low reference volume (i.e., sales volume in the period less than 
                                                 
101 An alternative method to this model would be to pool the homes that “did sell” with the homes “available to sell” 
and construct a Discrete Choice Model where the dependent variable is zero (for “no sale”) or one (for “sale”) and 
the independent variables would include various home characteristics and the categorical distance variables.  This 
would allow one to estimate the probability that a home sells dependent on distance from the wind facility.  Because 
home characteristics data for the homes “available to sell,” was not systematically collected it was not possible to 
apply this method to the dataset.   
102 It is not entirely clear why these trends exist.  Volumes may be influenced upward in areas farther from the wind 
turbines, where homes, in general, might be more densely sited and homogenous, both of which might be correlated 
with greater home sales transactions.  The converse might be true in more rural areas, nearer the wind turbines, 
where homes may be more unique or homeowners less prone to move.  The increasing sales volumes seen in periods 
following construction, across all distance bands, may be driven by the housing bubble, when more transactions 
were occurring in general. 
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three years before announcement), as they are to the sales volumes to which the reference 
category is compared.  Finally, when comparing post-construction volumes inside of a mile, 
none are statistically different than the 2.2% pre-announcement level.   

Table 30: Equality Test of Sales Volumes between PERIODS 
Inside         
1 Mile

Between       
1 and 3 Miles

Between       
3 and 5 Miles

Less Than 3 Years Before Announcement Reference Reference Reference
After Announcement Before Construction 0.8% (0.72) 0.7% (0.99) 1.5% (1.49) 
Less Than 2 Years After Construction -0.1% (-0.09) 1.2% (2.45) * 1.9% (2.4) *
Between 2 and 4 Years After Construction 0.6% (0.54) 1% (2.24) * 1.9% (2.31) *
Numbers in parenthesis represent t-Test statistics. "*" = significantly different at or below the 10% level  
 
Turning to sales volumes in the same development period but between the different distance 
bands, consistent but less statistically significant results are uncovered (see Table 31).  Although 
all sales volumes inside of three miles, for each period, are less than their peers outside of three 
miles, those differences are statistically significant in only two out of eight instances. Potentially 
more important, when one compares the sales volumes inside of one mile to those between one 
and three miles (see Table 32), small differences are found, none of which are statistically 
significant.  In fact, on average, the sales volumes for homes inside of one mile are greater or 
equal to the volumes of those homes located between one and three miles in two of the three 
post-announcement periods.  Finally, it should be noted that the volumes for the inside one mile 
band, in the period immediately following construction, are less than those in the one to three 
mile band in the same period.  Although not statistically significant, this difference might imply 
an initial slowing of sales activity that, in later periods, returns to more normal levels.  This 
possibility is worth investigating further and is therefore recommended for future research. 

Table 31: Equality Test of Volumes between DISTANCES using 3-5 Mile Reference 
Inside         
1 Mile

Between       
1 and 3 Miles

Between       
3 and 5 Miles

Less Than 3 Years Before Announcement -0.1% (-0.09)  -0.5% (-0.88)  Reference
After Announcement Before Construction -0.7% (-0.56)  -1.2% (-1.13)  Reference
Less Than 2 Years After Construction -2.1% (-2.41) * -1.2% (-1.48)  Reference
Between 2 and 4 Years After Construction -1.4% (-1.27)  -1.4% (-1.82) * Reference
Numbers in parenthesis represent t-Test statistics. "*" = significantly different at or below the 10% level  

Table 32: Equality Test of Sales Volumes between DISTANCES using 1-3 Mile Reference 

Inside         
1 Mile

Between       
1 and 3 Miles

Between       
3 and 5 Miles

Less Than 3 Years Before Announcement 0.4% (0.49)  Reference 0.5% (0.88)  
After Announcement Before Construction 0.5% (0.47)  Reference 1.2% (1.13)  
Less Than 2 Years After Construction -0.9% (-1.38)  Reference 1.2% (1.48)  
Between 2 and 4 Years After Construction 0% (0.01)  Reference 1.4% (1.82) *
Numbers in parenthesis represent t-Test statistics. "*" = significantly different at or below the 10% level  
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Taken together, these results suggest that sales volumes are not conclusively affected by the 
announcement and presence of the wind facilities analyzed in this report.  At least among this 
sample, sales volumes increased in all distance bands after the announcement and construction of 
the wind facilities.  If this result was driven by the presence of the wind facilities, however, one 
would expect that such impacts would be particularly severe for those homes in close proximity 
to wind facilities.  In other words, sales volumes would be the most affected inside of one mile, 
where views of the turbines are more frequent and where other potential nuisances are more 
noticeable than in areas farther away.  This is not borne out in the data - no statistically 
significant differences are found for sales volumes inside of one mile as compared to those 
between one and three miles, and sales volumes outside of three miles are higher still.  Therefore, 
on the whole, this analysis is unable to find persuasive evidence that wind facilities have a 
widespread and identifiable impact on overall residential sales volumes.  It is again concluded 
that neither Area nor Nuisance Stigma are in evidence in this analysis. 
 
 
 
 

Exhibit A1-K

 
007562

ADMINISTRATIVE RECORD - Scan 8 - Page 266 of 299

- Page 2736 -



 

 69 

8. Wind Projects and Property Values: Summary of Key Results 
This report has extensively investigated the potential impacts of wind power facilities on the 
value (i.e., sales prices) of residential properties that are in proximity to and/or that have a view 
of those wind facilities.  In so doing, three different potential impacts of wind projects on 
property values have been identified and analyzed: Area Stigma, Scenic Vista Stigma, and 
Nuisance Stigma.  To assess these potential impacts, a primary (Base) hedonic model has been 
applied, seven alternative hedonic models have been explored, a repeat sales analysis has been 
conducted, and possible impacts on sales volumes have been evaluated.  Table 33 outlines the 
resulting ten tests conducted in this report, identifies which of the three potential stigmas those 
tests were designed to investigate, and summarizes the results of those investigations.  This 
section synthesizes these key results, organized around the three potential stigmas.   

Table 33: Impact of Wind Projects on Property Values: Summary of Key Results  

Area            
Stigma?

Scenic Vista 
Stigma?

Nuisance         
Stigma?

Base Model No No No Section 4

View Stability Not tested No Not tested Section 5.1
Distance Stability No Not tested No Section 5.1
Continuous Distance No No No Section 5.2
All Sales No No Limited Section 5.3
Temporal Aspects No No No Section 5.4
Orientation No No No Section 5.5
Overlap No Limited No Section 5.6

Repeat Sales No Limited No Section 6

Sales Volume No Not tested No Section 7
"No"………………….
"Yes"…………………
"Limited"…………….
"Not tested"………… This model did not test for this stigma

Statistical Model

Is there statistical evidence of:

No statistical evidence of a negative impact
Strong statistical evidence of a negative impact
Limited and inconsistent statistical evidence of a negative impact

Section        
Reference

 

8.1. Area Stigma 
Area Stigma is defined as a concern that the general area surrounding a wind energy facility will 
appear more developed, which may adversely affect home values in the local community 
regardless of whether any individual home has a view of the wind turbines.  Though these 
impacts might be expected to be especially severe at close range to the turbines, the impacts 
could conceivably extend for a number of miles around a wind facility.  Modern wind turbines 
are visible from well outside of five miles in many cases, so if an Area Stigma exists, it is 
possible that all of the homes in the study areas inside of five miles would be affected.  
 
As summarized in Table 33, Area Stigma is investigated with the Base, Distance Stability, 
Continuous Distance, All Sales, Temporal Aspects, Orientation, and Overlap hedonic models.  It 
is also tested, somewhat differently, with the Repeat Sales and Sales Volume analyses.  In each 
case, if an Area Stigma exists, it is expected that the sales prices (and/or sales volume) of homes 
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located near wind facilities would be broadly affected by the presence of those facilities, with 
effects decreasing with distance.  
 
The Base Model finds little evidence of an Area Stigma, as the coefficients for the DISTANCE 
variables are all relatively small and none are statistically different from zero.  For homes in this 
sample, at least, there is no statistical evidence from the Base Model that the distance from a 
home to the nearest wind turbine impacts sales prices, regardless of the distance band.  Perhaps a 
more direct test of Area Stigma, however, comes from the Temporal Aspects Model.  In this 
model, homes in all distance bands that sold after wind facility announcement are found to sell, 
on average, for prices that are not statistically different from those for homes that sold more than 
two years prior to wind facility announcement.  Again, no persuasive evidence of an Area 
Stigma is evident. 
 
The Repeat Sales and Sales Volume Models also investigate Area Stigma.  The Repeat Sales 
Model’s 354 homes, each of which sold once before facility announcement and again after 
construction, show average inflation-adjusted annual appreciation rates that are small and not 
statistically different from zero.  If homes in all study areas were subject to an Area Stigma, one 
would expect a negative and statistically significant intercept term.  Similarly, if homes in any 
individual study area experienced an Area Stigma, the fixed effect terms would be negative and 
statistically significant.  Neither of these expectations is borne out in the results.  The Sales 
Volume Model tells a similar story, finding that the rate of residential transactions is either not 
significantly different between the pre- and post-announcement periods, or is greater in later 
periods, implying, in concert with the other tests, that increased levels of transactions do not 
signify a rush to sell, and therefore lower prices, but rather an increase in the level of transactions 
with no appreciable difference in the value of those homes. 
 
The All Sales, Distance Stability, Continuous Distance, Orientation, and Overlap Models 
corroborate these basic findings.  In the All Sales and Distance Stability Models, for example, 
the DISTANCE coefficients for homes that sold outside of one mile but within five miles, 
compared to those that sold outside of five miles, are very similar: they differ by no more than 
2%, and this small disparity is not statistically different from zero.  The same basic findings 
resulted from the Orientation and Overlap Models.  Further, homes with No View as estimated in 
the All Sales Model are found to appreciate in value, after adjusting for inflation, when 
compared to homes that sold before wind facility construction (0.02, p value 0.06); an Area 
Stigma effect should be reflected as a negative coefficient for this parameter.  Finally, despite 
using all 4,937 cases in a single distance variable and therefore having a correspondingly small 
standard error, the Continuous Distance Model discovers no measurable relationship between 
distance from the nearest turbine and the value of residential properties.   
 
Taken together, the results from these models are strikingly similar: there is no evidence of a 
widespread and statistically significant Area Stigma among the homes in this sample.  Homes in 
these study areas are not, on average, demonstrably and measurably stigmatized by the arrival of 
a wind facility, regardless of when they sold in the wind project development process and 
regardless of whether those homes are located one mile or five miles away from the nearest wind 
facility. 
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Drawing from the previous literature on environmental disamenities discussed in Section 2.1, 
one likely explanation for this result is simply that any effects that might exist may have faded to 
a level indistinguishable from zero at distances outside of a mile from the wind facilities.  For 
other disamenities, some of which would seemingly be more likely to raise concerns, effects 
have been found to fade quickly with distance.  For example, property value effects near a 
chemical plant have been found to fade outside of two and a half miles (Carroll et al., 1996), near 
a lead smelter (Dale et al., 1999) and fossil fuel plants (Davis, 2008) outside of two miles, and 
near landfills and confined animal feeding operations outside of 2,400 feet and 1,600 feet, 
respectively (Ready and Abdalla, 2005).  Further, homes outside of 300 feet (Hamilton and 
Schwann, 1995) or even as little as 150 feet (Des-Rosiers, 2002) from a high voltage 
transmission line have been found to be unaffected.  A second possible explanation for these 
results could be related to the view of the turbines.  In the sample used for this analysis, a large 
majority of the homes outside of one mile (n = 4,812) that sold after wind-facility construction 
commenced cannot see the turbines (n = 4,189, 87%), and a considerably larger portion have – at 
worst – a minor view of the turbines (n = 4,712, 98%).  Others have found that the sales prices 
for homes situated at similar distances from a disamenity (e.g., HVTL) depend, in part, on the , 
view of that disamenity (Des-Rosiers, 2002).  Similarly, research has sometimes found that 
annoyance with a wind facility decreases when the turbines cannot be seen (Pedersen and Waye, 
2004).  Therefore, for the overwhelming majority of homes outside of a mile that have either a 
minor rated view or no view at all of the turbines, the turbines may simply be out of sight, and 
therefore, out of mind. 

8.2. Scenic Vista Stigma 
Scenic Vista Stigma is defined as concern that a home may be devalued because of the view of a 
wind energy facility, and the potential impact of that view on an otherwise scenic vista.  It has as 
its basis an admission that home values are, to some degree, derived from the quality of what can 
be seen from the property and that if those vistas are altered, sales prices might be measurably 
affected.  The Base, View Stability, Continuous Distance, All Sales, Temporal Aspects, 
Orientation, Overlap, and Repeat Sales Models each test whether Scenic Vista Stigma is present 
in the sample. 
 
The Base Model, as well as subsequent Alternative Hedonic Models, demonstrates persuasively 
that the quality of the scenic vista – absent wind turbines – impacts sales prices.  Specifically, 
compared to homes with an AVERAGE VISTA, those having a POOR or a BELOW 
AVERAGE rating are estimated to sell for 21% (p value 0.00) and 8% (p value 0.00) less, on 
average.  Similarly, homes with an ABOVE AVERAGE or PREMIUM rating are estimated to 
sell for 10% (p value 0.00) and 13% (p value 0.00) more than homes with an AVERAGE vista 
rating.  Along the same lines, homes in the sample with water frontage or situated on a cul-de-
sac sell for 33% (p value 0.00) and 10% (p value 0.00) more, on average, than those homes that 
lack these characteristics.  Taken together, these results demonstrate that home buyers and sellers 
consistently take into account what can be seen from the home when sales prices are established, 
and that the models presented in this report are able to clearly identify those impacts.103   
 
                                                 
103 Of course, cul-de-sacs and water frontage bestow other benefits to the home owner beyond the quality of the 
scenic vista, such as safety and privacy in the case of a cul-de-sac, and recreational potential and privacy in the case 
of water frontage.   
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Despite this finding, those same hedonic models are unable to identify a consistent and 
statistically significant Scenic Vista Stigma associated with wind facilities.  Home buyers and 
sellers, at least among this sample, do not appear to be affected in a measurable way by the 
visual presence of wind facilities.  Regardless of which model was estimated, the value of homes 
with views of turbines that were rated MODERATE, SUBSTANTIAL, or EXTREME are found 
to be statistically indistinguishable from the prices of homes with no view of the turbines.  
Specifically, the 25 homes with EXTREME views in the sample, where the home site is 
“unmistakably dominated by the [visual] presence of the turbines,” are not found to have 
measurably different property values, and neither are the 31 homes with a SUBSTANTIAL view, 
where “the turbines are dramatically visible from the home.”104 The same finding holds for the 
106 homes that were rated as having MODERATE views of the wind turbines. Moreover, the 
Orientation and Overlap Models show that neither the orientation of the home with respect to the 
view of wind turbines, nor the overlap of that view with the prominent scenic vista, have 
measurable impacts on home prices.   
 
The All Sales Model compares homes with views of the turbines (in the post-construction 
period) to homes that sold before construction (when no views were possible), and finds no 
statistical evidence of adverse effects within any VIEW category.  Moreover, when a t-Test is 
performed to compare the NO VIEW coefficient to the others, none of the coefficients for the 
VIEW ratings are found to be statistically different from the NO VIEW homes.  The Repeat 
Sales Model comes to a similar result, with homes with MODERATE views appreciating at a 
rate that was not measurably different from that of homes with no views (0.03, p value 0.29).  
The same model also finds that homes with SUBSTANTIAL/EXTREME views appreciate at a 
rate 2% slower per year (p value 0.09) than their NO VIEW peers.  Homes situated inside of one 
mile, however, are found to appreciate at a rate 3% more (p value 0.01) than reference homes 
located outside of five miles.  Eight of the nine homes situated inside of one mile had either a 
SUBSTANTIAL or EXTREME view.  Therefore, to correctly interpret these results, one would 
add the two coefficients for these homes, resulting in a combined 1% increase in appreciation as 
compared to the reference homes situated outside of five miles with no view of turbines, and 
again yielding no evidence of a Scenic Vista Stigma. 
 
Although these results are consistent across most of the models, there are some individual 
coefficients from some models that differ.  Specifically, homes with MINOR rated views in the 
Overlap and Repeat Sales Models are estimated to sell for 3% less (p value 0.10) and appreciate 
at a rate 2% less (p value 0.02) than NO VIEW homes.  Taken at face value, these MINOR 
VIEW findings imply that homes where “turbines are visible, but, either the scope is narrow, 
there are many obstructions, or the distance between the home and the facility is large” are 
systematically impacted in a modest but measurable way.  Homes with more dramatic views of a 
wind facility in the same models, on the other hand, are found to not be measurably affected.  
Because of the counterintuitive nature of this result, and because it is contradicted in the results 
of other models presented earlier, it is more likely that there is some aspect of these homes that 
was not modeled appropriately in the Overlap and Repeat Sales Models, and that the analysis is 
picking up the effect of omitted variable(s) rather than a systematic causal effect from the wind 
facilities.   

                                                 
104 See Section 3.2.3 and Appendix C for full description of VIEW ratings. 

Exhibit A1-K

 
007566

ADMINISTRATIVE RECORD - Scan 8 - Page 270 of 299

- Page 2740 -



 

 73 

 
Taken together, the results from all of the models and all of the VIEW ratings support, to a large 
degree, the Base Model findings of no evidence of a Scenic Vista Stigma.  Although there are 
160 residential transactions in the sample with more dramatic views than MINOR, none of the 
model specifications is able to find any evidence that those views of wind turbines measurably 
impacted average sales prices, despite the fact that those same models consistently find that 
home buyers and sellers place value on the quality of the scenic vista.  

8.3. Nuisance Stigma 
Nuisance Stigma is defined as a concern that factors that may occur in close proximity to wind 
turbines, such as sound and shadow flicker, will have a unique adverse influence on home values.  
If these factors impact residential sales prices, those impacts are likely to be concentrated within 
a mile of the wind facilities. The Base, Distance Stability, Continuous Distance, All Sales, 
Temporal Aspects, Orientation, Overlap, Repeat Sales, and Sales Volume Models all investigate 
the possible presence of a Nuisance Stigma. 
 
The Base Model finds that those homes within 3000 feet and those between 3000 feet and one 
mile of the nearest wind turbine sold for roughly 5% less than similar homes located more than 
five miles away, but that these differences are not statistically significant (p values of 0.40 and 
0.30, respectively).  These results remain unchanged in the Distance Stability Model, as well as 
in the Orientation and Overlap Models.  Somewhat similarly, in the All Sales Model, when all 
transactions occurring after wind facility announcement are assumed to potentially be impacted 
(rather than just those occurring after construction, as in the Base Model), and a comparison is 
made to the average of all transactions occurring pre-announcement (rather than the average of 
all transactions outside of five miles, as in the Base Model), these same coefficients grow to -6% 
(p value 0.23) and -8% (p value 0.08) respectively.  Although only one of these coefficients was 
statistically significant, they are large enough to warrant further scrutiny.   
 
The Temporal Aspects Model provides a clearer picture of these findings.  It finds that homes 
that sold prior to wind facility announcement and that were situated within one mile of where the 
turbines were eventually located sold, on average, for between 10% and 13% less than homes 
located more than five miles away and that sold in the same period.  Therefore, the homes 
nearest the wind facility’s eventual location were already depressed in value before the 
announcement of the facility.  Most telling, however, is what occurred after construction.  Homes 
inside of one mile are found to have inflation-adjusted sales prices that were either statistically 
undistinguishable from, or in some cases greater than, pre-announcement levels.  Homes sold in 
the first two years after construction, for example, have higher prices (0.07, p value 0.32), as do 
those homes that sold between two and four years after construction (0.13, p value 0.06) and 
more than four years after construction (0.08, p value 0.24).  In other words, there is no 
indication that these homes experienced a decrease in sales prices after wind facility construction 
began.  Not only does this result fail to support the existence of a Nuisance Stigma, but it also 
indicates that the relatively large negative coefficients estimated in the Base and All Sales 
Models are likely caused by conditions that existed prior to wind facility construction and 
potentially prior to facility announcement.105   

                                                 
105 See footnote 82 on page 46 for a discussion of possible alternative explanations to this scenario. 
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These results are corroborated by the Continuous Distance Model, which finds no statistically 
significant relationship between an inverse DISTANCE function and sales prices (-0.01, sig 
0.46).  Similarly, in the Repeat Sales Model, homes within one mile of the nearest turbine are not 
found to be adversely affected; somewhat counter-intuitively, they are found to appreciate faster 
(0.03, p value 0.01) than their peers outside of five miles.  Finally, the Sales Volume analysis 
does not find significant and consistent results that would suggest that the ability to sell one’s 
home within one mile of a wind facility is substantially impacted by the presence of that facility.  
 
Taken together, these models present a consistent set of results: the sales prices of homes in this 
sample that are within a mile of wind turbines, where various nuisance effects have been posited, 
are not measurably affected compared to those homes that are located more than five miles away 
from the facilities or that sold well before the wind projects were announced.  These results 
imply that widespread Nuisance Stigma effects are either not present in the sample, or are too 
small or sporadic to be statistically identifiable.   
 
Though these results may appear counterintuitive, it may simply be that property value impacts 
fade rapidly with distance, and that few of the homes in the sample are close enough to the 
subject wind facilities to be substantially impacted.  As discussed earlier, studies of the property 
value impacts of high voltage transmission lines often find that effects fade towards zero at as 
little distance as 200 feet (see, e.g., Gallimore and Jayne, 1999; Watson, 2005). None of the 
homes in the present sample are closer than 800 feet to the nearest wind turbine, and all but eight 
homes are located outside of 1000 feet of the nearest turbine.  It is therefore possible that, if any 
effects do exist, they exist at very close range to the turbines, and that those effects are simply 
not noticeable outside of 800 feet.  Additionally, almost half of the homes in the sample that are 
located within a mile of the nearest turbine have either no view or a minor rated view of the wind 
facilities, and some high voltage transmission line (HVTL) studies have found a decrease in 
adverse effects if the towers are not visible (Des-Rosiers, 2002) and, similarly, decreases in 
annoyance with wind facility sounds if turbines cannot be seen (Pedersen and Waye, 2004).  
Finally, effects that existed soon after the announcement or construction of the wind facilities 
might have faded over time.  More than half of the homes in the sample sold more than three 
years after the commencement of construction, while studies of HVTLs have repeatedly found 
that effects fade over time (Kroll and Priestley, 1992) and studies of attitudes towards wind 
turbines have found that such attitudes often improve after facility construction (Wolsink, 1989).  
Regardless of the explanation, the fact remains that, in this sizable sample of residential 
transactions, no persuasive evidence of a widespread Nuisance Stigma is found, and if these 
impacts do exist, they are either too small or too infrequent to result in any widespread and 
consistent statistically observable impact. 
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9.  Conclusions 
Though surveys generally show that public acceptance towards wind energy is high, a variety of 
concerns with wind development are often expressed at the local level.  One such concern that is 
often raised in local siting and permitting processes is related to the potential impact of wind 
projects on the property values of nearby residences.  
 
This report has investigated the potential impacts of wind power facilities on the sales prices of 
residential properties that are in proximity to and/or that have a view of those wind facilities. It 
builds and improve on the previous literature that has investigated these potential effects by 
collecting a large quantity of residential transaction data from communities surrounding a wide 
variety of wind power facilities, spread across multiple parts of the U.S.  Each of the homes 
included in this analysis was visited to clearly determine the degree to which the wind facility 
was visible at the time of home sale and to collect other essential data.  To frame the analysis, 
three potentially distinct impacts of wind facilities on property values are considered: Area, 
Scenic Vista, and Nuisance Stigma.  To assess these potential impacts, the authors applied a base 
hedonic model, explored seven alternative hedonic models, conducted a repeat sales analysis, 
and evaluated possible impacts on sales volumes.  The result is the most comprehensive and 
data-rich analysis to date on the potential impacts of wind projects on nearby property values.   
 
Although each of the analysis techniques used in this report has strengths and weaknesses, the 
results are strongly consistent in that each model fails to uncover conclusive evidence of the 
presence of any of the three property value stigmas.  Based on the data and analysis presented in 
this report, no evidence is found that home prices surrounding wind facilities are consistently, 
measurably, and significantly affected by either the view of wind facilities or the distance of the 
home to those facilities.  Although the analysis cannot dismiss the possibility that individual or 
small numbers of homes have been or could be negatively impacted, if these impacts do exist, 
they are either too small and/or too infrequent to result in any widespread and consistent 
statistically observable impact.  Moreover, to the degree that homes in the present sample are 
similar to homes in other areas where wind development is occurring, the results herein are 
expected to be transferable. 
 
Finally, although this work builds on the existing literature in a number of respects, there remain 
a number of areas for further research.  The primary goal of subsequent research should be to 
concentrate on those homes located closest to wind facilities, where the least amount of data are 
available.  Additional research of the nature reported in this paper could be pursued, but with a 
greater number of transactions, especially for homes particularly close to wind facilities.  Further, 
it is conceivable that cumulative impacts might exist whereby communities that have seen 
repetitive development are affected uniquely, and these cumulative effects may be worth 
investigating.  A more detailed analysis of sales volume impacts may also be fruitful, as would 
an assessment of the potential impact of wind facilities on the length of time homes are on the 
market in advance of an eventual sale.  Finally, it would be useful to conduct a survey of those 
homeowners living close to existing wind facilities, and especially those residents who have 
bought and sold homes in proximity to wind facilities after facility construction, to assess their 
opinions on the impacts of wind project development on their home purchase and sales decisions.
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Appendix A: Study Area Descriptions 
The analysis reported in the body of the report used data from ten different wind-project study 
areas, across nine different states and 14 counties, and surrounding 24 different wind facilities.  
Each of the study areas is unique, but as a group they provide a good representation of the range 
of wind facility sizes, hub heights, and locations of recent wind development activity in the U.S. 
(see Figure A - 1 and Table A - 1).  This appendix describes each of the ten study areas, and 
provides the following information: a map of the study area; a description of the area; how the 
data were collected; statistics on home sales prices in the sample and census-reported home 
values for the towns, county, and state that encompass the area; data on the wind facilities 
contained within the study area; and frequency tables for the variables of interest (i.e., views of 
turbines, distance to nearest turbine ,and development period). 
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Figure A - 1: Map of Study Areas 

 
 

Table A - 1: Summary of Study Areas 

Study Area 
Code Study Area Counties, States Facility Names

Number 
of 

Turbines

Number 
of MW

Max Hub 
Height 

(meters)

Max Hub 
Height 
(feet)

WAOR
Benton and Walla Walla Counties, 
WA and Umatilla County, OR

Vansycle Ridge, Stateline, 
Nine Canyon I & II, 
Combine Hills

582 429 60 197

TXHC Howard County, TX Big Spring I & II 46 34 80 262
OKCC Custer County, OK Weatherford I & II 98 147 80 262

IABV Buena Vista County, IA Storm Lake I & II, 
Waverly, Intrepid I & II 381 370 65 213

ILLC Lee County, IL Mendota Hills, GSG Wind 103 130 78 256
WIKCDC Kewaunee and Door Counties, WI Red River, Lincoln 31 20 65 213

PASC Somerset County, PA Green Mountain, Somerset, 
Meyersdale 34 49 80 262

PAWC Wayne County, PA Waymart 43 65 65 213
NYMCOC Madison and Oneida Counties, NY Madison 7 12 67 220
NYMC Madison County, NY Fenner 20 30 66 218

TOTAL 1345 1286  
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A.1 WAOR Study Area: Benton and Walla Walla Counties 
(Washington), and Umatilla County (Oregon) 

Figure A - 2: Map of WAOR Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area combines data from the three counties - Benton and Walla Walla in Washington, 
and Umatilla in Oregon - that surround the Vansycle Ridge, Stateline, Combine Hills, and Nine 
Canyon wind projects.  Wind development began in this area in 1997 and, within the sample of 
wind projects, continued through 2003.  In total, the wind facilities in this study area include 582 
turbines and 429 MW of nameplate capacity, with hub heights that range from 164 feet to almost 
200 feet.  The wind facilities are situated on an East-West ridge that straddles the Columbia 
River, as it briefly turns South.  The area consists of undeveloped highland/plateau grassland, 
agricultural tracks for winter fruit, and three towns: Kennewick (Benton County), Milton-
Freewater (Umatilla County), and Walla Walla (Walla Walla County).  Only the first two of 
these towns are represented in the dataset because Walla Walla is situated more than 10 miles 
from the nearest wind turbine.  Also in the area are Touchet and Wallula, WA, and Athena, OR, 
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all very small communities with little to no services.  Much of the area to the North and South of 
the ridge, and outside of the urban areas, is farmland, with homes situated on small parcels 
adjoining larger agricultural tracts. 
 
Data Collection and Summary 
Data for this study area were collected from a myriad of sources.  For Benton County, sales and 
home characteristic data and GIS parcel shapefiles were collected with the assistance of county 
officials Eric Beswick, Harriet Mercer, and Florinda Paez, while state official Deb Mandeville 
(Washington Department of State) provided information on the validity of the sales.  In Walla 
Walla County, county officials Bill Vollendorff and Tiffany Laposi provided sales, house 
characteristic, and GIS data.  In Umatilla County, county officials Jason Nielsen, Tracie Diehl, 
and Tim McElrath provided sales, house characteristic, and GIS data.   
 
Based on the data collection, more than 8,500 homes are found to have sold within ten miles of 
the wind turbines in this study area from January 1996 to June 2007.  Completing field visits to 
this number of homes would have been overly burdensome; as a result, only a sample of these 
home sales was used for the study.  Specifically, all valid sales within three miles of the nearest 
turbine are used, and a random sample of those homes outside of three miles but inside of five 
miles in Benton County and inside ten miles in Walla Walla and Umatilla Counties.  This 
approach resulted in a total of 790 sales, with prices that ranged from $25,000 to $647,500, and a 
mean of $134,244.  Of those 790 sales, 519 occurred after wind facility construction commenced, 
and 110 could see the turbines at the time of sale, though all but four of these homes had MINOR 
views.  No homes within this sample were located within one mile of the nearest wind turbine, 
with the majority occurring outside of three miles.   
 
Area Statistics  

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/23/1996 6/29/2007 790 125,803$  134,244$  25,000$     647,500$      
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Vansycle Ridge 25 38 Aug-97 Feb-98 Aug-98 Vestas 50
Stateline Wind Project, Phase I (OR) 83 126 Jun-00 Sep-01 Dec-01 Vestas 50
Stateline Wind Project, Phase I (WA) 177 268 Jun-00 Feb-01 Dec-01 Vestas 50
Stateline Wind Project, Phase II 40 60 Jan-02 Sep-02 Dec-02 Vestas 50
Nine Canyon Wind Farm 48 37 Jun-01 Mar-02 Sep-02 Bonus 60
Combine Hills Turbine Ranch I 41 41 Apr-02 Aug-03 Dec-03 Mitsubishi 55
Nine Canyon Wind Farm II 16 12 Jun-01 Jun-03 Dec-03 Bonus 60  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Benton/Walla Walla, WA & 
Umatilla, OR (WAOR) 226 45 76 59 384 790

 

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Benton/Walla Walla, WA & 
Umatilla, OR (WAOR) 271 409 106 4 0 0 790

 
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Benton/Walla Walla, WA & 
Umatilla, OR (WAOR) 271 0 0 20 277 222 790

 
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Kennewich, WA City 62,182 12.5% 2,711 32.3 45,085$    155,531$     46%
Walla Walla, WA City 30,794 4.0% 2,847 33.8 38,391$    185,706$     91%
Milton Freewater, OR Town 6,335 -2.0% 3,362 31.7 30,229$    113,647$     47%
Touchet, WA Town 413 n/a 340 33.6 47,268$    163,790$     81%
Benton County 159,414 3.6% 94 34.4 51,464$    162,700$     46%
Walla Walla County 57,709 1.0% 45 34.9 43,597$    206,631$     89%
Umatilla County 73,491 0.6% 23 34.6 38,631$    138,200$     47%
Washington State 6,488,000 10.1% 89 35.3 55,591$    300,800$     79%
Oregon State 3,747,455 9.5% 36 36.3 48,730$    257,300$     69%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.2 TXHC Study Area: Howard County (Texas) 

Figure A - 3: Map of TXHC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area is entirely contained within Howard County, Texas, and includes the city of Big 
Spring, which is situated roughly 100 miles South of Lubbock and 275 miles West of Dallas in 
West Texas.  On top of the Northern end of the Edwards Plateau, which runs from the Southeast 
to the Northwest, sits the 46 turbine (34 MW) Big Spring wind facility, which was constructed in 
1998 and 1999.  Most of the wind turbines in this project have a hub height of 213 feet, but four 
are taller, at 262 feet.  The plateau and the wind facility overlook the city of Big Spring which, 
when including its suburbs, wraps around the plateau to the South and East.  Surrounding the 
town are modest farming tracks and arid, undeveloped land.  These lands, primarily to the South 
of the facility towards Forsan (not shown on map), are dotted with small oil rigs.  Many of the 
homes in Big Spring do not have a view of the wind facility, but others to the South and East do 
have such views. 
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Data Collection and Summary 
County officials Brett McKibben, Sally Munoz, and Sheri Proctor were extremely helpful in 
answering questions about the data required for this project, and the data were provided by two 
firms that manage it for the county.  Specifically, Erin Welch of the Capital Appraisal Group 
provided the sales and house characteristic data and Paul Brandt of MIMS provided the GIS data. 
 
All valid single-family home sales transactions within five miles of the nearest turbine and 
occurring between January 1996 and March 2007 were included in the dataset, resulting in 1,311 
sales.106  These sales ranged in price from $10,492 to $490,000, with a mean of $74,092.  
Because of the age of the wind facility, many of the sales in the sample occurred after wind 
facility construction had commenced (n = 1,071).  Of those, 104 had views of the turbines, with 
27 having views more dramatic than MINOR.  Four homes sold within a mile of the facility, 
with the rest falling between one and three miles (n = 584), three to five miles (n = 467), and 
outside of five miles (n = 16). 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/2/1996 3/30/2007 1,311 $66,500 $74,092 $10,492 $490,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Big Spring I 27.7 42 Jan-98 Jul-98 Jun-99 Vestas 65
Big Spring II 6.6 4 Jan-98 Jul-98 Jun-99 Vestas 80  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Howard, TX (TXHC) 169 71 113 131 827 1311  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Howard, TX (TXHC) 240 967 77 22 5 0 1311  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Howard, TX (TXHC) 240 0 4 584 467 16 1311  
 

                                                 
106 If parcels intersected the five mile boundary, they were included in the sample, but were coded as being outside 
of five miles. 
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Big Spring City 24,075 -5.4% 1,260 35.1 32,470$    54,442$       50%
Forsan Town 220 -4.0% 758 36.8 50,219$    64,277$       84%
Howard County 32,295 -1.9% 36 36.4 36,684$    60,658$       58%
Texas State 23,904,380 14.6% 80 32.3 47,548$    120,900$     47%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. 
. 
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A.3 OKCC Study Area: Custer County (Oklahoma) 

Figure A - 4: Map of OKCC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area is entirely contained within Custer County, Texas, and includes the Weatherford 
wind facility, which is situated  near the city of Weatherford, 70 miles due west of Oklahoma 
City and near the western edge of the state.  The 98 turbine (147 MW) Weatherford wind facility 
straddles Highway 40, which runs East-West, and U.S. County Route 54, which runs North-
South, creating an “L” shape that is more than six miles long and six miles wide.  Development 
began in 2004, and was completed in two phases ending in 2006.  The turbines are some of the 
largest in the sample, with a hub height of 262 feet.  The topography of the study area is mostly 
flat plateau, allowing the turbines to be visible from many parts of the town and the surrounding 
rural lands.  There are a number of smaller groupings of homes that are situated to the North and 
South of the city, many of which are extremely close to the turbines and have dramatic views of 
them.  
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Data Collection and Summary 
County Assessor Debbie Collins and mapping specialist Karen Owen were extremely helpful in 
gathering data and answering questions at the county level.  Data were obtained directly from the 
county and from Visual Lease Services, Inc and OKAssessor, where representatives Chris Mask, 
Terry Wood, Tracy Leniger, and Heather Brown helped with the request.   
 
All valid single-family residential transactions within five miles of the nearest wind turbine and 
occurring between July 1996 and June 2007 were included in the dataset, resulting in 1,113 
sales.107  These sales ranged in price from $11,000 to $468,000, with a mean of $100,445.  
Because of the relatively recent construction of the facility, 58% of the sales (n = 637) occurred 
before construction, leaving 476 sales with possible views of the turbines.  Of those 476 sales, 25 
had more-dramatic view ratings than MINOR and 17 sales occurred inside of one mile.   
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

7/7/1996 6/29/2007 1,113 $91,000 $100,445 $11,000 $468,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Weatherford Wind Energy Center 106.5 71 Mar-04 Dec-04 May-05 GE Wind 80
Weatherford Wind Energy Center Expansion 40.5 27 May-05 Oct-05 Jan-06 GE Wind 80  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Custer, OK (OKCC) 484 153 193 187 96 1113  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Custer, OK (OKCC) 637 375 76 6 7 12 1113  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Custer, OK (OKCC) 637 16 1 408 50 1 1113  
 

                                                 
107 Portions of the town of Weatherford, both North and South of the town center, were not included in the sample 
due to lack of available data.  The homes that were mapped, and for which electronic data were provided, however, 
were situated on all sides of these unmapped areas and were similar in character to those that were omitted.  None of 
the unmapped homes were within a mile of the nearest wind turbine. 
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Weatherford City 10,097 1.2% 1,740 24.1 32,543$    113,996$     45%
Hydro Town 1,013 -3.7% 1,675 39.2 35,958$    66,365$       68%
Custer County 26,111 3.6% 26 32.7 35,498$    98,949$       52%
Oklahoma State 3,617,316 4.8% 53 35.5 41,567$    103,000$     46%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants.  
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A.4 IABV Study Area: Buena Vista County (Iowa) 

Figure A - 5: Map of IABV Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the sizable Storm Lake and Intrepid wind facilities, which are mostly 
situated in Buena Vista County, located in Northwestern Iowa, 75 miles East of Sioux City.  The 
facilities also stretch into Sac County to the South and Cherokee County to the West.  The 
facilities total 381 turbines (370 MW) and are more than 30 miles long North to South and eight 
miles wide East to West.  Development began on the first Storm Lake facility in 1998 and the 
last of the Intrepid development was completed in 2006. The largest turbines have a hub height 
of 213 feet at the hub, but most are slightly smaller at 207 feet.  The majority of the homes in the 
sample surround Storm Lake (the body of water), but a large number of homes are situated on 
small residential plots located outside of the town and nearer to the wind facility.  Additionally, a 
number of sales occurred in Alta - a small town to the East of Storm Lake -thatis straddled by the 
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wind facilities and therefore provides dramatic views of the turbines.  In general, except for the 
depression in which Storm Lake sits, the topography is very flat, largely made up corn fields, and 
the turbines are therefore visible from quite far away.  The housing market is driven, to some 
extent, by the water body, Storm Lake, which is a popular recreational tourist destination, and 
therefore development is occurring to the East and South of the lake.  Some development is also 
occurring, to a lesser degree, to the East of Alta. 
 
Data Collection and Summary 
County Assessor Kathy A. Croker and Deputy Assessor Kim Carnine were both extremely 
helpful in answering questions and providing GIS data.  Sales and home characteristic data were 
provided by Vanguard Appraisals, Inc., facilitated by the county officials.  David Healy from 
MidAmerican provided some of the necessary turbine location GIS files.   
 
The county provided data on valid single-family residential transactions between 1996 and 2007 
for 1,743 homes inside of five miles of the nearest wind turbine.  This sample exceeded the 
number for which field data could reasonably be collected; as a result, only a sample of these 
homes sales was used for the study. Specifically, all transactions that occurred within three miles 
of the nearest turbine were used, in combination with a random sample (totaling roughly 10%) of 
those homes between three and five miles.  This approach resulted in 822 sales, with prices that 
ranged from $12,000 to $525,000, and a mean of $94,713.  Development of the wind facilities in 
this area occurred relatively early in the sample period, and therefore roughly 75% of the sales (n 
= 605) occurred after project construction had commenced.  Of those 605 sales, 105 had views of 
the turbines, 37 of which were ranked with a view rating more dramatic than MINOR, and 30 
sales occurred within one mile of the nearest wind turbine.  
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/2/1996 3/30/2007 822 $79,000 $94,713 $12,000 $525,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Storm Lake I 112.5 150 Feb-98 Oct-98 Jun-99 Enron 63
Storm Lake II 80.3 107 Feb-98 Oct-98 Apr-99 Enron 63
Waverly 1.5 2 Feb-98 Oct-98 Jun-99 Enron 65
Intrepid 160.5 107 Mar-03 Oct-04 Dec-04 GE Wind 65
Intrepid Expansion 15.0 15 Jan-05 Apr-05 Dec-05 Mitsubishi 65  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Buena Vista, IA (IABV) 152 65 80 70 455 822  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Buena Vista, IA (IABV) 217 500 68 18 8 11 822  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Buena Vista, IA (IABV) 217 22 8 472 101 2 822  
 
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Storm Lake City 9,706 -3.9% 2,429 31.7 39,937$    99,312$       41%
Alta Town 1,850 -1.0% 1,766 35.1 40,939$    98,843$       48%
Buena Vista County 19,776 -3.1% 36 36.4 42,296$    95,437$       45%
Iowa State 3,002,555 2.6% 52 36.6 47,292$    117,900$     43%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. 
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A.5 ILLC Study Area: Lee County (Illinois) 

Figure A - 6: Map of ILLC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area is situated roughly 80 miles due West of Chicago, in Lee County, Illinois, and 
includes two wind facilities.  The 63 turbine (53 MW) Mendota Hills Wind Project sits just West 
of North-South Highway 39, and 10 miles South of East-West Highway 88.  Development began 
on the facility in 2001 and was completed in 2003.  The second facility, the 40 turbine (80 MW) 
GSG Wind Farm is South and West of the Mendota Hills facility, and is broken into two parts:  
roughly one third of the turbines are situated two miles due north of the small town of Sublette, 
with the remainder located roughly six miles to the southeast and spanning the line separating 
Lee from La Salle County.  Development began on this project in the fall of 2006 and was 
completed in April of the following year.  The town of Paw Paw, which is East of Highway 38 
and both facilities, is the largest urban area in the study area, but is further away from the 
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facilities than the towns of Compton, West Brooklyn, Scarboro, and Sublette.  Also, to the North 
of the facilities are the towns of Lee, to the East of Highway 38, and Steward, just to the West. 
Although many home sales occurred in these towns, a significant number of additional sales 
occurred on small residential tracts in more-rural areas or in small developments.  The 
topography of the area is largely flat, but falls away slightly to the East towards Paw Paw.  The 
area enjoyed significant development during the real estate boom led by commuters from the 
Chicago metropolitan area, which was focused in the Paw Paw area but was also seen in semi-
rural subdivisions to the Southwest and North of the wind facility. 
 
Data Collection and Summary 
County Supervisor Wendy Ryerson was enormously helpful in answering questions and 
providing data, as were Carmen Bollman and GIS Director, Brant Scheidecker, who also work in 
the county office.  Wendy and Carmen facilitated the sales and home characteristic data request 
and Brant provided the GIS data.  Additionally, real estate brokers Neva Grevengoed of LNG 
Realtor, Alisa Stewart of AC Corner Stone, and Beth Einsely of Einsely Real Estate were helpful 
in understanding the local market.   
 
The county provided information on 412 valid single-family transactions that occurred between 
1998 and 2007 within 10 miles of the nearest wind turbine, all of which were included in the 
sample.108  These sales ranged in price from $14,500 to $554,148, with a mean of $128,301.  Of 
those sales, 213 occurred after construction commenced on the wind facility and, of those, 36 
had views of the turbines – nine of which were rated more dramatically than MINOR.  Only two 
sales occurred within one mile of the nearest wind turbine. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

5/1/1998 3/2/2007 412 $113,250 $128,301 $14,500 $554,148  
 
Facility Statistics 

Facility Name Number of 
MW

 Number of 
Turbines 

Announce 
Date

Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Mendota Hills 50.4 63 Nov-01 Aug-03 Nov-03 Gamesa 65
GSG Wind Farm 80 40 Dec-05 Sep-06 Apr-07 Gamesa 78  
Source: AWEA & Ventyx Inc. 
 

                                                 
108 This county was not able to provide data electronically back to 1996, as would have been preferred, but because 
wind project development did not occur until 2001, there was ample time in the study period to establish pre-
announcement sale price levels.   
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Lee, IL (ILLC) 115 84 62 71 80 412  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Lee, IL (ILLC) 199 177 27 7 1 1 412  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Lee, IL (ILLC) 199 1 1 85 69 57 412  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Paw Paw Town 884 2.6% 1,563 38.0 48,399$    151,954$     n/a
Compton Town 337 -2.9% 2,032 32.8 44,023$    114,374$     n/a
Steward Town 263 -3.0% 2,116 35.2 59,361$    151,791$     n/a
Sublette Town 445 -2.4% 1,272 37.7 55,910$    133,328$     n/a
Lee County 35,450 -1.7% 49 37.9 47,591$    136,778$     64%
Illinois State 12,852,548 3.5% 223 34.7 54,124$    208,800$     60%
US Country 301,139,947 7.0% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.6 WIKCDC Study Area: Kewaunee and Door Counties 
(Wisconsin) 

Figure A - 7: Map of WIKCDC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the Red River (17 turbines, 14 MW) and Lincoln (14 turbines, 9 MW) 
wind facilities.  It is situated on the “thumb” jutting into Lake Michigan, Northeast of Green Bay, 
Wisconsin, and spans two counties, Kewaunee and Door.  There is a mix of agricultural, small 
rural residential, waterfront, and urban land use in this area.  The three largest towns are Algoma 
to the East of the facilities and on the lake, Casco, which is six miles due South of the turbines, 
and Luxemburg, four miles West of Casco.  There is a smaller village, Brussels, to the North in 
Door County.  The remainder of the homes is situated on the water or in small rural residential 
parcels between the towns.  Topographically, the “thumb” is relatively flat except for a slight 
crown in the middle, and then drifting lower to the edges.  The East edge of the “thumb” ends in 
bluffs over the water, and the western edge drops off more gradually, allowing those parcels to 
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enjoy small beaches and easy boat access.  There is some undulation of the land, occasionally 
allowing for relatively distant views of the wind turbines, which stand at a hub height of 213 feet. 
 
Data Collection and Summary 
Kewaunee and Door Counties did not have a countywide system of electronic data storage for 
either sales or home characteristic data.  Therefore, in many cases, data had to be collected 
directly from the town or city assessor.  In Kewaunee County, Joseph A. Jerabek of the town of 
Lincoln, Gary Taicher of the town of Red River, Melissa Daron of the towns of Casco, Pierce, 
and West Kewaunee, Michael Muelver of the town of Ahnapee and the city of Algoma, William 
Gerrits of the town of Casco, Joseph Griesbach Jr. of the town of Luxemburg, and David 
Dorschner of the city of Kewaunee all provided information.  In Door County, Scott Tennessen 
of the town of Union and Gary Maccoux of the town of Brussels were similarly very helpful in 
providing information.  Additionally, Andy Pelkey of Impact Consultants, Inc., John Holton of 
Associated Appraisal Consultants, Andy Bayliss of Dash Development Group, and Lue Van 
Asten of Action Appraisers & Consultants all assisted in extracting data from the myriad of 
storage systems used at the town and city level.  The State of Wisconsin provided additional 
information on older sales and sales validity, with Mary Gawryleski, James Bender, and Patrick 
Strabala from the Wisconsin Department of Revenue being extremely helpful.  GIS data were 
obtained from Steve Hanson from Kewaunee County and Tom Haight from Door County. 
 
After collecting data from each municipality, a total of 810 valid single-family home sales 
transactions were available for analysis, ranging in time from 1996 to 2007.  These sales ranged 
in price from $20,000 to $780,000, with a mean of $116,698.  Because development of the wind 
facilities occurred relatively early in the study period, a large majority of the sales transactions, 
75% (n = 725), occurred after project construction had commenced.  Of those, 64 had views of 
the turbines, 14 of which had more dramatic than MINOR views, and 11 sales occurred within 
one mile. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

2/2/1996 6/30/2007 810 $98,000 $116,698 $20,000 $780,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Red River 11.2 17 Apr-98 Jan-99 Jun-99 Vestas 65
Lincoln 9.2 14 Aug-98 Jan-99 Jun-99 Vestas 65  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Kewaunee/Door, WI (WIKCDC) 44 41 68 62 595 810
 

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Kewaunee/Door, WI (WIKCDC) 85 661 50 9 2 3 810
 

Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Kewaunee/Door, WI (WIKCDC) 85 7 4 63 213 438 810
 

 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Algoma Town 3,186 -4.7% 1,305 41.8 39,344$    112,295$     51%
Casco Town 551 -2.8% 985 35.6 53,406$    141,281$     n/a
Luxemburg Town 2,224 15.3% 1,076 32.0 53,906$    167,403$     n/a
Kewaunee County 20,533 1.4% 60 37.5 50,616$    148,344$     57%
Door County 27,811 2.4% 58 42.9 44,828$    193,540$     57%
Wisconsin State 5,601,640 0.3% 103 36.0 50,578$    168,800$     50%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.7 PASC Study Area: Somerset County (Pennsylvania) 

Figure A - 8: Map of PASC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes three wind facilities, Somerset (6 turbines, 9 MW, 210 ft hub height) to 
the North, Meyersdale (20 turbines, 30 MW, 262 ft hub height) to the South, and Green 
Mountain (8 turbines, 10 MW, 197 ft hub height) between them.  All of the projects are located 
in Somerset County, roughly 75 miles southeast of Pittsburg in the Southwest section of 
Pennsylvania.  None of the three facilities are separated by more than 10 miles, so all were 
included in one study area.  To the North of the facilities is East-West U.S. Highway 70, which 
flanks the city of Somerset.  Connecting Somerset with points South is County Route 219, which 
zigzags Southeast out of Somerset to the smaller towns of Berlin (not included in the data), 
Garret to the Southwest, and Meyersdale, which is Southeast of Garret. These towns are flanked 
by two ridges that run from the Southwest to the Northeast.  Because of these ridges and the 
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relatively high elevations of all of the towns, this area enjoys winter recreation, though the coal 
industry, which once dominated the area, is still an integral part of the community with mining 
occurring in many places up and down the ridges.  Although many of the home sales in the 
sample occurred in the towns, a number of the sales are for homes situated outside of town 
corresponding to either rural, rural residential, or suburban land uses.   
 
Data Collection and Summary 
The County Assessor, Jane Risso, was extremely helpful, and assisted in providing sales and 
home characteristic data.  Glen Wagner, the IT director, worked with Gary Zigler, the county 
GIS specialist, to extract both GIS and assessment data from the county records.  Both Gary and 
Jane were extremely helpful in fielding questions and providing additional information as needs 
arose.   
 
The county provided a total of 742 valid residential single-family home sales transactions within 
four miles of the nearest wind turbine.  All of the sales within three miles were used (n = 296), 
and a random sample (~ 44%) of those between three and four miles were used, yielding a total 
of 494 sales that occurred between May 1997 and March 2007.  These sales ranged in price from 
$12,000 to $360,000, with a mean of $69,770.  291 sales (~ 60% of the 494) occurred after 
construction commenced on the nearest wind facility.  Of these 291 sales, 73 have views of the 
turbines, 18 of which are more dramatic than MINOR, and 35 sales occurred within one mile.109 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

5/1/1997 3/1/2007 494 $62,000 $69,770 $12,000 $360,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

GreenMountain Wind Farm 10.4 8 Jun-99 Dec-99 May-00 Nordex 60
Somerset 9.0 6 Apr-01 Jun-01 Oct-01 Enron 64
Meyersdale 30.0 20 Jan-03 Sep-03 Dec-03 NEG Micon 80  
Source: AWEA & Ventyx Inc. 
 

                                                 
109 This study area was one of the earliest to have field work completed, and therefore the field data collection 
process was slower resulting in a lower number of transactions than many other study areas. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Somerset, PA (PASC) 175 28 46 60 185 494  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Somerset, PA (PASC) 203 218 55 15 2 1 494  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Somerset, PA (PASC) 203 17 18 132 124 0 494  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Somerset Town 6,398 -4.8% 2,333 40.2 35,293$    123,175$     n/a
Berlin Town 2,092 -4.0% 2,310 41.1 35,498$    101,704$     n/a
Garrett Town 425 -4.7% 574 34.5 29,898$    54,525$       n/a
Meyersdale Town 2,296 -6.6% 2,739 40.9 29,950$    79,386$       n/a
Somerset Cou County 77,861 -2.7% 72 40.2 35,293$    94,500$       41%
Pennsylvania State 12,440,621 1.3% 277 38.0 48,576$    155,000$     60%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.8 PAWC Study Area: Wayne County (Pennsylvania) 

Figure A - 9: Map of PAWC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area includes the Waymart wind facility, which sits atop the North-South ridge 
running along the line separating Wayne County from Lackawanna and Susquehanna Counties in 
Northeast Pennsylvania.  The 43 turbine (65 MW, 213 ft hub height) facility was erected in 2003, 
and can be seen from many locations in the study area and especially from the towns of Waymart, 
which sits East of the facility, and Forest City, which straddles Wayne and Susquehanna 
Counties North of the facility.  The study area is dominated topographically by the ridgeline on 
which the wind turbines are located, but contains rolling hills and many streams, lakes, and 
natural ponds.  Because of the undulating landscape, views of the wind facility can be 
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maintained from long distances, while some homes relatively near the turbines have no view of 
the turbines whatsoever.  The area enjoys a substantial amount of second home ownership 
because of the bucolic scenic vistas, the high frequency of lakes and ponds, and the proximity to 
larger metropolitan areas such as Scranton, roughly 25 miles to the Southwest, and Wilkes-Barre 
a further 15 miles Southwest. 
 
Data Collection and Summary 
John Nolan, the County Chief Assessor, was very helpful in overseeing the extraction of the data 
from county records.  GIS specialist Aeron Lankford provided the GIS parcel data as well as 
other mapping layers, and Bruce Grandjean, the IT and Data Specialist, provided the sales and 
home characteristic data as well as fielding countless questions as they arose.  Additionally, real 
estate brokers Dotti Korpics of Bethany, Kent Swartz of Re Max, and Tom Cush of Choice #1 
Country Real Estate were instrumental providing context for understanding the local market. 
 
The county provided data on 551 valid single-family transactions that occurred between 1996 
and 2007, all of which were included in the sample.  These sales ranged in price from $20,000 to 
$444,500, with a mean of $111,522.  Because of the relatively recent development of the wind 
facility, only 40% (n = 222) of the sales transaction occurred after the construction of the facility 
had commenced.  Of those sales, 43 (19%) had views of the turbines, ten of which had more 
dramatic than MINOR views, and 11 were situated within one mile.   
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

7/12/1996 9/25/2006 551 $96,000 $111,522 $20,000 $444,500  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Waymart Wind Farm 64.5 43 Feb-01 Jun-03 Oct-03 GE Wind 65  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Wayne, PA (PAWC) 223 106 64 71 87 551  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Wayne, PA (PAWC) 329 179 33 8 2 0 551  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Wayne, PA (PAWC) 329 1 10 95 55 61 551  
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Waymart Town 3,075 116.0% 1,111 41.7 43,797$    134,651$     56%
Forest City Town 1,743 -5.2% 1,929 45.6 32,039$    98,937$       67%
Prompton Town 237 -1.6% 149 41.9 30,322$    162,547$     56%
Wayne County 51,708 5.9% 71 40.8 41,279$    163,060$     57%
Lackawanna County 209,330 -1.9% 456 40.3 41,596$    134,400$     48%
Pennsylvania State 12,440,621 1.3% 277 38.0 48,576$    155,000$     60%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. 
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A.9 NYMCOC Study Area: Madison and Oneida Counties (New 
York) 

Figure A - 10: Map of NYMCOC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area surrounds the seven turbine (12 MW, 220 ft hub height) Madison wind facility, 
which sits atop an upland rise in Madison County, New York.  The area is roughly 20 miles 
Southwest of Utica and 40 miles Southeast of Syracuse.  The facility is flanked by the towns 
moving from the Southwest, clockwise around the rise, from Hamilton and Madison in Madison 
County, NY, to Oriskany Falls, Waterville, and Sangerfield in Oneida County, NY.  Hamilton is 
the home of Colgate University, whose staff lives throughout the area around Hamilton and 
stretching up into the town of Madison.  Accordingly, some development is occurring near the 
college.  To the Northeast, in Oneida County, the housing market is more depressed and less 
development is apparent.  The study area in total is a mix of residential, rural residential, and 
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rural landscapes, with the largest portion being residential homes in the towns or immediately on 
their outskirts.  The topography, although falling away from the location of the wind facility, 
does not do so dramatically, so small obstructions can obscure the views of the facility. 
 
Data Collection and Summary 
Data were obtained from both Madison and Oneida Counties for this study area.  In Madison 
County, Kevin Orr, Mike Ellis, and Carol Brophy, all of County’s Real Property Tax Services 
Department, were extremely helpful in obtaining the sales, home characteristic, and GIS data.  In 
Oneida County, Jeff Quackenbush and Richard Reichert in the Planning Department were very 
helpful in obtaining the county data.  Additionally, discussions with real estate brokers Susanne 
Martin of Martin Real Estate, Nancy Proctor of Prudential, and Joel Arsenault of Century 21 
helped explain the housing market and the differences between Madison and Oneida Counties. 
 
Data on 463 valid sales transactions of single family residential homes that occurred between 
1996 and 2006 were obtained, all of which were located within seven miles of the wind facility.  
These sales ranged in price from $13,000 to $380,000, with a mean of $98,420.  Roughly 75% (n 
= 346) of these sales occurred after construction commenced on the wind facility, of which 20 
could see the turbines, all of which were rated as having MINOR views, except one which had a 
MODERATE rating; only two sales involved homes that were situated inside of one mile. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/6/1996 12/26/2006 463 $77,500 $98,420 $13,000 $380,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Madison Windpower 11.6 7 Jan-00 May-00 Sep-00 Vestas 67  
Source: AWEA & Ventyx Inc. 
 
Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Madison/Oneida, NY (MYMCOC) 108 9 48 30 268 463  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Madison/Oneida, NY (MYMCOC) 117 326 19 1 0 0 463  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Madison/Oneida, NY (MYMCOC) 117 1 1 80 193 71 463  
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Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Madison Town 304 -2.9% 605 38.1 36,348$    94,734$       n/a
Hamilton Town 3,781 7.9% 1,608 20.8 48,798$    144,872$     n/a
Orinkany Fall Town 1,413 -2.9% 1,703 40.8 47,689$    105,934$     n/a
Waterville Town 1,735 -3.2% 1,308 37.8 46,692$    104,816$     n/a
Sangerfield Town 2,626 -1.4% 85 37.6 47,563$    106,213$     n/a
Madison County 69,829 0.6% 106 36.1 53,600$    109,000$     39%
Oneida County 232,304 -1.3% 192 38.2 44,636$    102,300$     40%
New York State 19,297,729 1.7% 408 35.9 53,514$    311,000$     109%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
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A.10 NYMC Study Area: Madison County (New York) 

Figure A - 11: Map of NYMC Study Area 

 
Note: “Sold Homes” include all sold homes both before and after construction. 
 
Area Description 
This study area surrounds the 20 turbine (30 MW, 218 ft hub height) Fenner wind facility in 
Madison County, New York, roughly 20 miles East of Syracuse and 40 miles West of Utica in 
the middle of New York.  The study area is dominated by two roughly parallel ridges.  One, on 
which the Fenner facility is located, runs Southeast to Northwest and falls away towards the 
town of Canastota.  The second ridge runs roughly North from Cazenovia, and falls away just 
South of the town of Chittenango.  Surrounding these ridges is an undulating landscape with 
many water features, including the Chittenango Falls and Lake Cazenovia.  A number of high-
priced homes are situated along the ridge to the North of Cazenovia, some of which are afforded 
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views of the lake and areas to the West, others with views to the East over the wind facility, and 
a few having significant panoramic views.  The west side of the study area has a number of 
drivers to its real estate economy: it serves as a bedroom community for Syracuse, is the home to 
Cazenovia College, and enjoys a thriving summer recreational population.  Canastota to the 
North, and Oneida to the East, are older industrial towns, both of which now serve as feeder 
communities for Syracuse because of easy access to Highway 90.  Between the towns of 
Cazenovia and Canastota are many rural residential properties, some of which have been recently 
developed, but most of which are homes at least a half century old. 
 
Data Collection and Summary 
Data were obtained from the Madison County Real Property Tax Services department directed 
by Carol Brophy.  As the first study area that was investigated, IT and mapping specialists Kevin 
Orr and Mike Ellis were subjected to a large number of questions from the study team and were 
enormously helpful in helping shape what became the blueprint for other study areas.  
Additionally, real estate brokers Nancy Proctor of Prudential, Joel Arsenault of Century 21, Don 
Kinsley of Kingsley Real Estate, and Steve Harris of Cazenovia Real Estate were extremely 
helpful in understanding the local market.   
 
Data on 693 valid sales transactions of single family residential structures that occurred between 
1996 and 2006 were obtained, most of which were within five miles of the wind facility. These 
sales ranged in price from $26,000 to $575,000, with a mean of $124,575.   Roughly 68% of 
these sales (n = 469) occurred after construction commenced on the wind facility, 13 of which 
were inside of one mile, and 74 of which had views of the turbines.  Of that latter group, 24 have 
more dramatic than MINOR views of the turbines. 
 
Area Statistics 

Study Period 
Begin

Study Period 
End

Number of 
Sales

Median 
Price

Mean 
Price

Minimum 
Price

Maximum 
Price

1/31/1996 9/29/2006 693 $109,900 $124,575 $26,000 $575,000  
 
Facility Statistics 

Facility Name
Number of 

MW
 Number of 

Turbines 
Announce 

Date
Construction 
Begin Date

Completion 
Date

 Turbine 
Maker 

Hub Height 
(Meters)

Fenner Wind Power Project 30 20 Dec-98 Mar-01 Nov-01 Enron 66  
Source: AWEA & Ventyx Inc. 
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Variables of Interest Statistics 

Development Period Pre 
Announcement

Post Announcement 
Pre Construction

1st Year After 
Construction

2nd Year After 
Construction

2+ Years After 
Construction Total

Madison, NY (NYMC) 59 165 74 70 325 693  

View of Turbines Pre        
Construction None Minor Moderate Substantial Extreme Total

Madison, NY (NYMC) 224 395 50 16 8 0 693  
Distance to         
Nearest Turbine

Pre        
Construction < 0.57 Miles 0.57 - 1 Miles 1 - 3 Miles 3 - 5 Miles > 5 Miles Total

Madison, NY (NYMC) 224 2 11 80 374 2 693  
 
Census Statistics 

Name Type  2007 
Population 

% Change 
Since 2000

 Population 
Per Mile^2 

Median 
Age

 Median 
Income 

 Median 
House 2007 

% Change 
Since 2000

Cazenovia Town 2,835 8.6% 1,801 32.3 58,172$    159,553$     n/a
Chittenango Town 4,883 -0.5% 2,000 36.0 58,358$    104,845$     n/a
Canastota Town 4,339 -1.7% 1,306 37.3 45,559$    93,349$       n/a
Oneida City 10,791 -1.7% 490 36.9 47,173$    99,305$       n/a
Morrisville Town 2,155 0.6% 1,869 20.4 45,852$    102,352$     n/a
Madison County 69,829 0.6% 106 36.1 53,600$    109,000$     39%
New York State 19,297,729 1.7% 408 35.9 53,514$    311,000$     109%
US Country 301,139,947 6.8% 86 37.9 50,233$    243,742$     46%  
Source: City-Data.com & Wikipedia.  “% Change Since 2000” refers to the percentage change between 
2000 and 2007 for the figures in the column to the left (population or median house price).  “Town” 
signifies any municipality with less than 10,000 inhabitants. “n/a” signifies data not available. 
. 

Exhibit A1-K

 
007607

ADMINISTRATIVE RECORD - Scan 9 - Page 12 of 299

- Page 2781 -



 

 114 

Appendix B: Methodology for Calculating Distances with GIS  
For each of the homes in the dataset, accurate measurements of the distance to the nearest wind 
turbine at the time of sale were needed, and therefore the exact locations of both the turbines and 
the homes was required.  Neither of these locations was available from a single source, but 
through a combination of techniques, turbine and home locations were derived.  This section 
describes the data and techniques used to establish accurate turbine and home locations, and the 
process for then calculating distances between the two.   
 
There were a number of possible starting points for mapping accurate wind turbine locations.  
First, the Energy Velocity data, which covered all study areas, provided a point estimate for 
project location, but did not provide individual turbine locations.  The Federal Aviation 
Administration (FAA), because of permitting and aviation maps, maintains data on turbine 
locations, but at the time of this study, that data source did not cover all locations, contained data 
on structures that no longer exist, and was difficult to use.110  Finally, in some cases, the counties 
had mapped the wind turbines into GIS.   
 
In the end, because no single dataset was readily available to serve all study areas, instead the 
variety of data sources described above was used to map and/or confirm the location of every 
turbine in the 10 study areas.  The process began with high-resolution geocoded satellite and 
aerial ortho imagery that the United States Department of Agriculture (USDA) collects and 
maintains under its National Agriculture Imagery Program (NAIP), and which covers virtually 
all of the areas in this investigation.  Where needed, older ortho imagery from the USDA was 
used.  Combining these data with the Energy Velocity data, and discussions with local officials, 
and maps provided by the county or the developer, locating and mapping all of the turbines in 
each study area was possible. 
 
Home locations were provided directly by some counties; in other cases, a parcel centroid was 
created as a proxy. 111  In some situations, the centroid did not correspond to the actual house 
location, and therefore required further refinement.  This refinement was only required and 
conducted if the parcel was near the wind turbines, where the difference of a few hundred feet, 
for example, could alter its distance rating in a meaningful fashion, or when the parcel included a 
considerable amount of acreage, where inaccuracy in home location could be considerable.  
Therefore, parcels inside of 1.5 miles of the nearest wind turbine and of any size, and parcels 
outside of 1.5 miles and larger than 5 acres, were both examined using the USDA NAIP imagery 
to determine the exact home location.  In cases where the parcel centroid was not centered over 
the home, the location was adjusted, using the ortho image as a guide, to the actual house 
location.  
 
With both turbine and home locations identified, the next step was to determine distances 
between the two.  To do so, the date when each transaction in the sample occurred was taken into 

                                                 
110 A newer FAA database is now available that clears up many of these earlier concerns.  
111 A “parcel centroid” is the mathematical center point of a polygon, and was determined by XTools Pro 
(www.xtoolspro.com). 
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account, combined with the determination of which turbines were in existence at what time.112  
This required breaking the transactions in the sample into three categories: 1) those occurring 
before any wind facility was announced in the study area, 2) those occurring after the first wind 
facility was announced in the area but before all development was complete in the area, and 3) 
those occurring after all wind development in the area was complete.  Any sale that occurred 
before wind development was announced in the study area was coded with a distance to the 
nearest turbine derived from the actual turbine locations after all wind development had 
occurred.113  Homes that sold after all wind development had occurred were treated similarly, 
with distances derived from the set of turbines in place after all development had taken place.  
The final set of homes - those that sold after announcement of the first facility, but before the 
construction of the last - had to be treated, essentially, on a case by case basis.  Some homes 
were located within five miles of one wind facility but more than five miles from another wind 
facility in the same study area (e.g., many homes in PASC).  In this case the distance to that 
closer facility could be applied in a similar fashion as would be the case if only one facility was 
erected (e.g., NYMC or PAWC).  Another group of homes, those that sold during the 
development of the first facility in the study area, were given the distance to that facility, 
regardless of distance to the other facilities in the study area.  The final and most complicated 
group of homes consisted of those that were within five miles of multiple wind facilities, and that 
sold after the first facility had been erected.  In those cases, the exact configuration of turbines 
was determined for each stage of the development process.  In study areas with multiple facilities 
that were developed over multiple periods, there might be as many as six possible configurations 
(e.g., IABV).  In this final scenario, the distance to the closest turbine was used, assuming it had 
been “announced” at the time of sale. 
 
Once the above process was complete, the mechanics of calculating distances from the turbines 
to the homes was straightforward.  After establishing the location of a set of turbines, for 
instance those constructed in the first development in the area, a euclidian distance raster was 
derived that encompassed every home in the study area. 114  The calculations were made using a 
50-foot resolution state-plane projection and North American Datum from 1983 (NAD83).  As 
discussed above, similar rasters were created for each period in the development cycle for each 
study area, depending on the turbine configuration at that time.  Ultimately, a home’s sale date 
was matched to the appropriate raster, and the underlying distance was extracted.  Taking 
everything into account discussed above, it is expected that these measurements are accurate to 

                                                 
112 It is recognized that the formal date of sale will follow the date at which pricing decisions were made.  It is also 
recognized, as mentioned in Section 3, that wind facility announcement and construction dates are likely to be 
preceded by “under the radar” discussions in the community.  Taken together, these two factors might have the 
effect, in the model, of creating some apparent lag in when effects are shown, compared to the earlier period in 
which effects may begin to occur.  For this to bias the results, however, effects would have to disappear or 
dramatically lesson with time (e.g., less than one year after construction) such that the effects would not be 
uncovered with the models in later periods. Based on evidence from other potentially analogous infrastructure (e.g., 
HVTL), any fading of effects would likely occur over many years, so it is assumed that any bias is likely minimal. 
113 These distances were used to compare homes sold, for instance, within 1 mile of where the turbines were 
eventually erected with similar homes sold after the turbines were erected (see, for example, the Temporal Aspects 
Model). 
114 A “Raster” is a grid of, in this case, 50 feet by 50 feet squares, each of which contains a number representing the 
number of feet from the center of the square to the nearest turbine. 
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within roughly 150 feet inside of 1.5 miles and within a maximum of roughly 1150 feet outside 
of 1.5 miles.115 

                                                 
115 The resolution of the raster is 50 feet, so the hypotenuse is 70 feet.  If the home is situated in the top left of a 
raster cell and the turbine is situated in the bottom right of a diagonally adjacent cell, they could be separated by as 
much as 140 feet, yet the raster distance would only be 50 feet, a difference of 90 feet.  Moreover, the resolution of 
the Ortho image is 40 feet so that location could additionally be off by another 55 feet along the diagonal.  These 
two uncertainties total to roughly 150 feet for homes inside of 1.5 miles.  Outside of 1.5 miles the variation between 
centroid and house location for parcels smaller than 5 acres could be larger still.  If a 4.9 acre parcel had a highly 
irregular rectangular shape of 102 by 2100 feet, for instance, the centroid could be as much as 1050 feet from the 
property line.  If the home was situated 50 feet from the property line then the actual house location could be off by 
as much as 1000 feet.  Adding this to the 150 feet from above leads to a total discrepancy of 1150 feet (0.22 miles) 
for homes outside of 1.5 miles on parcels smaller than 5 acres.  Of course, these extreme scenarios are highly 
unlikely to be prevalent. 
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Appendix C: Field Data Collection Instrument 

Figure A - 12: Field Data Collection Instrument 
House # (Control/ Key #) County
House Address
Home Characteristics House Photo Number(s)
Cul-De-Sac? No(0) / Yes(1) Waterfront? No(0) / Yes(1)

Scenic Vista Characteristics Vista Photo Numbers

View of Turbines Characteristics View Photo Numbers
Total # of Turbines visible
# of Turbines- blade tips only visible
# of Turbines- nacelle/hub visible
# of Turbines- tower visible

Overall Quality of Scenic Vista: Poor (1), Below Average (2), Average (3), Above Average (4), Premium (5)

Orientation of Home to View: See Below

Notes:

Side (S), Front (F), Back (B), Angled (A)

View Scope: Narrow(1), Medium(2), Wide(3)

The Degree to which the View of Turbines Dominate the Site?                                                                                                                
Non-Existent (0), Minor (1), Moderate (2), Substantial (3), Extreme (4)

Degree to which the Turbines Overlap the Prominent Scenic Vista?                                                                                                        
Not at all (0), Barely (1), Somewhat (2), Strongly (3),  Entirely (4)
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Figure A - 13: Field Data Collection Instrument - Instructions - Page 1 
Home Characteristics
Cul-De-Sac?   No(0)/Yes(1)
Waterfront?    No(0)/Yes(1)

"Vista" Characteristics

Overall Quality of Scenic Vista:                  
Poor (1)

Overall Quality of Scenic Vista:                  
Below Average (2)

Overall Quality of Scenic Vista:                  
Average (3)

Overall Quality of Scenic Vista:                  
Above Average (4)

Overall Quality of Scenic Vista:                  
Premium (5)

Degree Turbines Overlap Prominent 
Vista? Not at all (0))

Degree Turbines Overlap Prominent 
Vista? Barely (1)

Degree Turbines Overlap Prominent 
Vista?  Somewhat (2)

Degree Turbines Overlap Prominent 
Vista? Strongly (3)

Degree Turbines Overlap Prominent 
Vista? Entirely (4)

Is the home situated on a cul-de-sac?
Is the home situated on the waterfront?

The home's vista is of the average quality.  These vistas include interesting views which can be 
enjoyed often only a narrow scope. These vistas may contain some visually discordant man-made 
alterations (not considering turbines), are moderately comfortable spaces for people, have some 
interest, and have minor recreational potential. 

The home's vista is of the below average quality.  These vistas contain visually discordant man-made 
alterations (not considering turbines) but are not dominated by them.  They are not inviting spaces for 
people, but are not uncomfortable.  They have little interest, mystery and have minor recreational 
potential. 

This rating is reserved for vistas of unmistakably poor quality.  These vistas are often dominated by 
visually discordant man-made alterations (not considering turbines), or are uncomfortable spaces for 
people, lack interest, or have virtually no recreational potential.

A large portion (~50-80%) of the vista contains a view of turbines, many of which likely can be seen 
entirely (from below the sweep of the blades to the top of their tips).

This rating is reserved for vistas of unmistakably premium quality.  These vistas would include 
"picture post card" views which can be enjoyed in a wide scope.  They are often free or largely free of 
any discordant man made alterations (not considering turbines), possess significant interest, 
memorable qualities, mystery and are well balanced and likely have a high potential for recreation.

The vista does not contain any view of the turbines.

A small portion (~ 0 - 20%) of the vista is overlapped by the view of turbines therefore the vista might 
contain a view of a few turbines, only a few of which can be seen entirely (from below the sweep of 
the blades to the top of their tips). 

The vista from the home is of above average quality.  These vistas include interesting views which 
often can be enjoyed in a medium to wide scope.  They might contain some man made alterations (not 
considering turbines), yet still possess significant interest and mystery, are moderately balanced and 
have some potential for recreation.

This rating is reserved for situations where the turbines overlap virtually the entire ( ~80-100%) vista 
from the home.  The vista likely contains a view of many turbines, virtually all of which can be seen 
entirely (from below the sweep of the blades to the top of their tips).

A moderate portion (~20-50%) of the vista contains turbines, and likely contains a view of more than 
one turbine, some of which are likely to be seen entirely (from below the sweep of the blades to the 
top of their tips).
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Figure A - 14: Field Data Collection Instrument - Instructions - Page 2 
View of Turbines Characteristi
House Orientation to View of Turbines:      
Side (S)

House Orientation to View of Turbines: 
Front (F)

House Orientation to Vista of Turbines: 
Back (B)

House Orientation to Vista of Turbines: 
Angled (A)

View of Turbines Scope: Narrow(1)

View of Turbines Scope: Medium(2)

View of Turbines Scope: Wide(3)

Degree to which View of Turbines 
Dominates the Site?  None (0)

Degree to which View of Turbines 
Dominates the Site? Minor (1)

Degree to which View of Turbines 
Dominates the Site? Moderate (2)

Degree to which View of Turbines 
Dominates the Site?                            
Substantial (3)

Degree to which View of Turbines 
Dominates the Site?                            
Extreme (4)

Orientation of home to the view of the turbines is from the front.

The turbines are dramatically visible from the home.  The turbines are likely visible in a wide scope, 
and most likely the distance between the home and the facility is short.

This rating is reserved for sites that are unmistakably dominated by the presence of the windfarm.  
The turbines are dramatically visible from the home and there is a looming quality to their placement.  
The turbines are often visible in a wide scope, or the distance to the facility is very small.

Orientation of home to the view of the turbines is from an angle.

The view of the turbines is largely blocked by trees, large shrubs or man made features in the 
foreground (0-300 feet) allowing 0 - 30 degrees of view of the wind facility

The view of turbines is partially blocked by trees, large shrubs or man made features in the foreground 
(0-300 feet) allowing only 30-90 degrees of view of the wind facility.

The view of the turbines is free or almost free from blockages by trees, large shrubs or man made 
features in the foreground (0-300 feet) allowing at least 90 degrees of view of the wind facility.

The turbines are visible but either the scope is narrow, there are many obstructions, or the distance 
between the home and the facility is large.  

The turbines are visible but the scope is either narrow or medium, there might be some obstructions, 
and the distance between the home and the facility is most likely a few miles.

The turbines are not visible at all frrom this home. 

Orientation of home to the view of the turbines is from the side.

Orientation of home to the view of the turbines is from the back.
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Appendix D: Vista Ratings with Photos 
POOR VISTA 

 
 
BELOW AVERAGE VISTA 

 
 
AVERAGE VISTA 
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ABOVE AVERAGE VISTA 

 
 
PREMIUM VISTA 
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Appendix E: View Ratings with Photos
MINOR VIEW 

 
3 turbines visible from front orientation, nearest 1.4 miles (TXHC) 
 
MODERATE VIEW 

 
18 turbines visible from back orientation, nearest 1.6 miles (ILLC) 
 
SUBSTANTIAL VIEW 

 
90 turbines visible from all orientations, nearest 0.6 miles (IABV) 
 

 

 
5 turbines visible from front orientation, nearest 0.9 miles (NYMC) 
 
 

 
6 turbines visible from back orientation, nearest 0.8 miles (PASC) 
 
 

 
27 turbines visible from multiple orientations, nearest 0.6 miles 
(TXHC) 
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EXTREME VIEW 

 
6 turbines visible from multiple orientations, nearest 0.2 miles 
(WIKCDC) 
 

 

 
212 turbines visible from all orientations, nearest 0.4 miles (IABV) 
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Appendix F: Selecting the Primary (“Base”) Hedonic Model  
Equation (1) as described in Section 4.2 is presented in this report as the primary (or “Base”) 
model to which all other models are compared.  As noted earlier, in the Base Hedonic Model and 
in all subsequent models presented in Section 5 all variables of interest, spatial adjustments, and 
home and site characteristics are pooled, and therefore their estimates represent the average 
across all study areas.  Ideally, one would have enough data to estimate a model at the study area 
level - a fully unrestricted model - rather than pooled across all areas.  In this appendix, 
alternative model forms are presented that unrestrict these variables at the level of study areas.  
As shown here, these investigations ultimately encouraged the selection of the somewhat simpler 
pooled Base Model as the primary model, and to continue to use restricted or pooled models in 
the alternative hedonic analyses.   

F.1 Discussion of Fully Unrestricted Model Form 
The Base Model described by equation (1) has variables that are pooled, and the coefficients for 
these variables therefore represent the average across all study areas (after accounting for study 
area fixed effects). An alternative (and arguably superior) approach would be to estimate 
coefficients at the level of each study area, thereby allowing coefficient values to vary among 
study areas.116  This fully interacted – or unrestricted – model would take the following form: 

( ) ( ) ( )0 1 2 3 4
s c k v

5
d

ln(P) N S Y X S (VIEW S)

(DISTANCE S)

β β β β β

β ε

= + ⋅ + + ⋅ + ⋅ +

⋅ +

∑ ∑ ∑ ∑

∑
 (F13) 

where  
P represents the inflation-adjusted sale price, 
N is the spatially weighted neighbors’ predicted sale price, 
S is a vector of s study areas (e.g., WAOR, OKCC, etc.), 
Y is a vector of c study area locational characteristics (e.g., census tract, school district, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
VIEW is a vector of v categorical view of turbine variables (e.g., MINOR, MODERATE, 
etc.), 
DISTANCE is a vector of d categorical distance to turbine variables (e.g., less than 3000 feet, 
between one and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a vector of s parameter estimates for the spatially weighted neighbor’s predicted sale 
price for S study areas,  
β2 is a vector of c parameter estimates for the study area locational fixed effect variables, 
β3 is a vector of k parameter estimates for the home and site characteristics for S study areas,  
β4 is a vector of v parameter estimates for the VIEW variables as compared to homes sold 
with no view of the turbines for S study areas,  

                                                 
116 For instance, the marginal contribution of Acres (the number of acres) to the selling price would be estimated for 
each study area (i.e., Acres_WAOR, Acres_TXHC etc.), as would the variables of interest: VIEW and DISTANCE. 
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β5 is a vector of d parameter estimates for the DISTANCE variables as compared to homes 
sold situated outside of five miles for S study areas, and 
ε is a random disturbance term. 

 
To refresh, the fully restricted equation (1) takes the following form: 
( ) 0 1 2 3 4 5

s k v d
ln P N S X VIEW DISTANCEβ β β β β β ε= + + + + + +∑ ∑ ∑ ∑  (1)   

where 
P represents the inflation-adjusted sale price, 
N is the spatially weighted neighbors’ predicted sale price, 
S is the vector of s Study Area fixed effects variables (e.g., WAOR, OKCC, etc.), 
X is a vector of k home and site characteristics (e.g., acres, square feet, number of bathrooms, 
condition of the home, age of home, VISTA, etc.), 
VIEW is a vector of v categorical view of turbine variables (e.g., MINOR, MODERATE, etc.), 
DISTANCE is a vector of d categorical distance to turbine variables (e.g., less than 3000 feet, 
between one and three miles, etc.),  
β0 is the constant or intercept across the full sample, 
β1 is a parameter estimate for the spatially weighted neighbor’s predicted sale price,  
β2 is a vector of s parameter estimates for the study area fixed effects as compared to homes sold 
in the Washington/Oregon (WAOR) study area, 
β3 is a vector of k parameter estimates for the home and site characteristics,  
β4 is a vector of v parameter estimates for the VIEW variables as compared to homes sold with 
no view of the turbines, 
β5 is a vector of d parameter estimates for the DISTANCE variables as compared to homes sold 
situated outside of five miles, and  
ε is a random disturbance term. 
 
The significant change between equations (1) and (F13) is that each of the primary groups of 
variables in equation (F13) is interacted with the study areas (S) so that parameters can be 
estimated at the study area level.  For example, whereas ACRES is estimated in equation (1) 
across all study areas, in equation (F13) it is estimated for each study area (i.e., Acres_WAOR, 
Acres_TXHC, etc).117  Similarly, when considering the possible impact of wind facilities on 
residential sales prices, equation (1) seeks average effects that exist over the entire sample, while 
equation (F13) instead looks for differential effects in each individual study area. Additionally, 
in equation (F13), instead of estimating fixed effects using inter-study area parameters alone (e.g., 
WAOR, TXHC), a set of intra-study area effects (Y) - school district and census tract 
delineations - are added.118  These latter coefficients represent not only effects that are presumed 

                                                 
117 This change is made because, theoretically, the contribution to sales prices of home or site characteristics may 
differ between study areas – for instance Central_AC in Texas vs. New York – and therefore estimating them at the 
study area level may increase the explanatory power of the model. 
118 In the evaluation and selection of the best model to use as the “Base Model” a set of census tract and school 
district delineations were used instead of the study area fixed effects.  These more-granular fixed effects were 
extracted from GIS using house locations and census tract and school district polygons.  Often, the school district 
and census tract delineations were not mutually exclusive.  For example, in Wisconsin the WIKCDC study area 
contains four school districts and six census tracts, none of which completely overlap.  Alternatively, in some study 
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to exist over each entire study area (inter-study area effects), but also intra-study area effects 
such as differences in home valuation due to school districts, distances to amenities, and other 
locationally bound influences.  As with the inter-study area coefficients, because of the myriad 
influences captured by these variables, interpretation of any single coefficient can be difficult.  
However, it is expected that such coefficients would be influential, indicating significant 
differences in value between homes in each study area and across study areas due to school 
district quality and factors that differ between census tracts (e.g., crime rates). 
 
Although the fully unrestricted model described by equation (F13) is arguably superior to the 
fully restricted model described in equation (1) because of its ability to resolve differences 
between and within study areas that are not captured by the Base Model, there are three potential 
drawbacks:  
• Model parsimony and performance;  
• Standard error magnitudes; and  
• Parameter estimate stability.  
 
Each of these potential drawbacks is discussed in turn below:   
 
Model parsimony and performance: In general, econometricians prefer a simpler, more 
parsimonious statistical model.  In this instance, variables should be added to a model only if 
their addition is strongly supported by theory and if the performance of the model is substantially 
improved by their inclusion.  As such, if a model with a relatively small number of parameters 
performs well, it should be preferred to a model with more parameters unless the simple model 
can be “proven to be inadequate” (Newman, 1956).  To prove the inadequacy of a simpler model 
requires a significant increase in performance to be exhibited from the more complex model.  In 
this case, as presented later, performance is measured using the combination of Adjusted R2, 
Modified R2, and the Schwarz information criterion (see footnote 119 on page 127). 
 
Standard error magnitudes: The magnitude of the standard errors for the variables of interest, 
as well as the other controlling variables, are likely to increase in the unrestricted model form 
because the number of cases for each variable will decrease when they are estimated at the study 
area level.  Within each study area, there are a limited number of home transactions that meet the 
criteria for inclusion in the model, but even more limiting is the number of home transactions 
within each study area that have the characteristics of interest.  For example, in Lee County, IL 
(ILLC), there are 205 post-construction home sales, while in Wayne County, PA (PAWC) there 
are 222.  More importantly, in those areas, the data include a total of one and eleven sales inside 
of one mile, respectively, and a total of one and two homes with either EXTREME or 
SUBSTANTIAL rated views of turbines.  With so few observations, there is increased likelihood 
that a single or small group of observations will strongly influence the sample mean of an 
independent variable.  Since the standard error is derived from the variance of the parameter 
estimate, which in turn is derived from the summed deviation of each observation’s actual level 
relative to its sample mean, this standard error is more likely to be larger than if a larger sample 
were considered.   If the presence of wind facilities does have a detrimental effect on property 

                                                                                                                                                             
areas the school district and census tracts perfectly overlapped, and in those cases either both were omitted as the 
reference category or one was included and the other withdrawn from the model to prevent perfect collinearity. 
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values, that effect seems likely to be relatively small, at least outside of the immediate vicinity of 
the wind turbines.  The smaller sample sizes for the independent variables that come with the 
unrestricted model, which may decrease statistical precision by producing larger standard errors, 
would likely decrease the ability to accurately identify these possible effects statistically.  To 
explore the magnitude of this concern, the difference in standard errors of the variables of 
interest is investigated among the restricted and unrestricted models.  
 
Parameter estimate stability: In an unrestricted model, parameter estimates are more likely to 
be unstable because the sample of home transactions with any particular characteristic may be 
small and thus not representative of the population as a whole.  As mentioned above, there are a 
limited number of transactions within each study area that have the characteristics of interest.  
Restricting the sample size by using an unrestricted model increases the likelihood that a limited 
number of observations, which in the population as a whole represent a very small segment, will 
drive the results in one direction or another, thereby leading to erroneous conclusions.  The 
difference in parameter estimates is investigated by comparing the coefficients for the 
unrestricted variables of interest to those for the restricted variables of interest.  Additionally, the 
sign of any significant variables will be investigated for the unrestricted models, which might 
help uncover potentially spurious results. 
 

F.2 Analysis of Alterative Model Forms 
Here the spectrum of alternative models is explored, from the fully restricted equation (1) to the 
fully unrestricted equation (F13).  To do so, not only are these two ends of the spectrum 
estimated, but also 14 intermediate models are estimated that consist of every combination of 
restriction of the four variable groups (i.e., variables of interest, spatial adjustments, study area 
delineations, and home and site characteristics).  This produces a total of 16 models over which 
to assess model parsimony and performance, standard error size, and coefficient stability.  This 
process allows for an understanding of model performance but, more importantly, to ultimately 
define a “Base Model” that is parsimonious (i.e., has the fewest parameters), robust (i.e., high 
adjusted R2), and best fits the purpose of investigating wind facility impacts on home sales prices. 
 
Table A - 2 presents the performance statistics for each of the 16 models defined above, moving 
from the fully restricted model equation (1) (“Model 1”) to the fully unrestricted model equation 
(F13) (“Model 16”).  In columns 2 – 5 of the table, the “R” represents a restriction for this 
variable group (i.e., not crossed with the study areas) and the “U” represents the case when the 
variable group is unrestricted (i.e., crossed with the study areas).  Also shown are summary 
model statistics (i.e., Adjusted R2, Modified R2, and Schwarz information criterion - “SIC”), as 
well as the number of estimated parameters (k). 119  All models were run using the post-
construction data subset of the sample of home sales transactions (n = 4,937). 

                                                 
119 Goldberger (1991), as cited by Gujarati (2003), suggests using a Modified R2 = (1 – k/n) * R2 to adjust for added 
parameters.  For example, Models 1 and 14 have Modified R2 of 0.76, yet Adjusted R2 of 0.77 and 0.78 respectively.  
Therefore the Modified R2 penalizes their measure of explanatory power more than the Adjusted R2 when taking 
into account the degrees of freedom.  Similarly, the Schwarz information criterion penalizes the models for 
increased numbers of parameters (Schwarz, 1978).  More importantly, practitioners often rely on the Schwarz 
criterion – over the Modified or Adjusted R2 statistics - to rank models with the same dependent variable by their 
relative parsimony (Gujarati, 2003).  Therefore it will be used for that purpose here. 
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Model Parsimony and Performance 
Overall, the fully restricted model (1) performs well with only 37 independent variables, 
producing an Adjusted R2 of 0.77.  Despite the limited number of explanatory variables, the 
model explains ~77% of the variation in home prices in the sample.   When the fully unrestricted 
model 16 (equation F13) is estimated, which lies at the other end of the spectrum, it performs 
only slightly better, with an Adjusted R2 of 0.81, but with an additional 285 explanatory 
variables.  It is therefore not surprising that the Modified R2 is 0.76 for Model 1 and is only 0.77 
for Model 16.  Similarly, the Schwarz information criterion (SIC) increases from 0.088 to 0.110 
when moving from model 1 to model 16 indicating relatively less parsimony.  Combined, these 
metrics show that the improvement in the explanatory power of model 16 over model 1 is not 
enough to overcome the lack of parsimony. Turning to the 14 models that lie between Models 1 
and 16, in general, little improvement in performance is found over Model 1, and considerably 
less parsimony, providing little initial justification to pursue a more complex specification than 
equation (1).   

Table A - 2: Summarized Results of Restricted and Unrestricted Model Forms 

Model 1 Study 
Area 2

Spatial 
Adjustment

Home and Site 
Characteristics

Variables 
of Interest Adj R2

Modified 
R2 SIC k †

1 R R R R 0.77 0.76 0.088 37
2 U R R R 0.74 0.73 0.110 111
3 R U R R 0.77 0.76 0.088 46
4 R R U R 0.80 0.78 0.095 188
5 R R R U 0.77 0.76 0.093 88
6 U U R R 0.78 0.76 0.094 120
7 R U U R 0.80 0.77 0.096 197
8 R R U U 0.80 0.77 0.101 239
9 U R U R 0.80 0.77 0.107 262

10 U R R U 0.76 0.75 0.107 162
11 R U R U 0.77 0.76 0.094 97
12 U U U R 0.81 0.77 0.103 271
13 R U U U 0.80 0.77 0.103 248
14 U U R U 0.78 0.76 0.100 171
15 U R U U 0.80 0.76 0.113 313
16 U U U U 0.81 0.77 0.110 322

"R" indicates parameters are pooled ("restricted") across the study areas.

† - Numbers of parameters do not include intercept or omitted variables.

1 - Model numbers do not correspond to equation numbers listed in the report; equation (1) is             
Model 1, and equation (F1) is Model 16.
2 - In its restricted form "Study Area" includes only inter-study area delineations, while unrestricted 
"Study Area" includes intra-study area delineations of school district and census tract.

"U" indicates parameters are not pooled ("unrestricted"), and are instead estimated at the study area 
level.

 
 
The individual contributions to model performance from unrestricting each of the variable 
groups in turn (as shown in Models 2-5) further emphasizes the small performance gains that are 
earned despite the sizable increases in the number of parameters. As a single group, the 
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unrestricted Home and Site Characteristics model (Model 4) makes the largest impact on model 
performance, at least with respect to the Adjusted R2 (0.80), but this comes with the addition of 
151 estimated parameters a slight improvement in the Modified R2 (0.78) and a worsening SIC 
(0.095).  Adding unrestricted Study Area delineations (Model 2), on the other hand, adversely 
affects performance (Adj. R2 = 0.74, Modified R2 = 0.73) and adds 74 estimated parameters (SIC 
= 0.110).  Similarly, unrestricting the Spatial Adjustments (Model 3) offers little improvement in 
performance (Adj. R2 = 0.77, Modified R2 = 0.76) despite adding nine additional variables (SIC 
= 0.088).  Finally, unrestricting the Variables of Interest (Model 5) does not increase model 
performance (Adj. R2 = 0.77, Modified R2 = 0.76) and adds 51 variables to the model (SIC = 
0.093).  This pattern of little model improvement yet considerable increases in the number of 
estimated parameters (i.e., less parsimony) continues when pairs or trios of variable groups are 
unrestricted.  With an Adjusted R2 of 0.77, the fully restricted equation (1) performs more than 
adequately, and is, by far, the most parsimonious.   
 
Standard Error Magnitudes 
Table A - 3 summarizes the standard errors for the variables of interest for all of the 16 models, 
grouped into restricted and unrestricted model categories.  The table specifically compares the 
medians, minimums, and maximums of the standard errors for the models with restricted 
variables of interest (1, 2, 3, 4, 6, 7, 9 and 12) to those with unrestricted variables of interest (5, 8, 
10, 11, 13, 14, 15 and 16).120  The table demonstrates that the unrestricted standard errors for the 
variables of interest are significantly larger than the restricted standard errors.  In fact, the 
minimum standard errors in the unrestricted models are often higher than the maximum standard 
errors produced in the restricted models.  For example, the maximum standard error for an 
EXTREME VIEW in the restricted models is 0.09, yet the minimum in the unrestricted models is 
0.12, with a maximum of 0.34.  To put this result in a different light, a median standard error for 
the unrestricted EXTREME VIEW variable of 0.25 would require an effect on house prices 
larger than 50% to be considered statistically significant at the 90% level.  Clearly, the statistical 
power of the unrestricted models is weak.121  Based on other disamenities, as discussed in 
Section 2.1, an effect of this magnitude is very unlikely.  Therefore, based on these standard 
errors, there is no apparent reason to unrestrict the variables of interest. 

                                                 
120 For the restricted models, the medians, minimums, and maximums are derived across all eight models for each 
variable of interest.  For the unrestricted models, they are derived across all study areas and all eight models for each 
variable of interest.   
121 At 90% confidence a standard error of 0.25 would produce a confidence interval of roughly +/- 0.42 (0.25 * 
1.67).  An effect of this magnitude represents a 52% change in sales prices because sales price is in a natural log 
form (e ^ 0.42-1 = 0.52). 
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Table A - 3: Summary of VOI Standard Errors for Restricted and Unrestricted Models 

Median Min Max Median Min Max
Minor View 0.01 0.01 0.02 0.05 0.03 0.07
Moderate View 0.03 0.03 0.03 0.10 0.06 0.18
Substantial View 0.05 0.05 0.06 0.19 0.10 0.29
Extreme View 0.08 0.08 0.09 0.25 0.12 0.34
Inside 3000 Feet 0.05 0.05 0.06 0.21 0.09 0.33
Between 3000 Feet and 1 Mile 0.04 0.04 0.05 0.13 0.08 0.40
Between 1 and 3 Miles 0.02 0.02 0.02 0.05 0.02 0.11
Between 3 and 5 Miles 0.01 0.01 0.02 0.05 0.02 0.10

Unrestricted Models
Standard ErrorsStandard ErrorsStandard Errors

Restricted Models

 
 
Parameter Estimate Stability 
Table A - 4 summarizes the coefficient estimates for the variables of interest for all of the 16 
models.  The table specifically compares the medians, minimums, and maximums of the 
coefficients for the models with restricted variables of interest (1, 2, 3, 4, 6, 7, 9 and 12) to those 
with unrestricted variables of interest (5, 8, 10, 11, 13, 14, 15 and 16).  As shown, the 
coefficients in the unrestricted models diverge significantly from those in the restricted models.  
For example, in the restricted models, the median coefficient for homes inside of 3000 feet is      
-0.03, with a minimum of -0.06 and a maximum of -0.01, yet in the unrestricted models the 
median coefficient is 0.06, with a minimum of -0.38 and a maximum of 0.32.  Similarly, a 
MODERATE VIEW in the restricted models has a median of 0.00, with a minimum of -0.01 and 
a maximum of 0.03, whereas the unrestricted models produce coefficients with a median of -0.05 
and with a minimum of -0.25 and a maximum of 0.35.  

Table A - 4: Summary of VOI Coefficients for Restricted and Unrestricted Models 

Median Min Max Median Min Max
Minor View -0.02 -0.03 0.00 -0.02 -0.16 0.24
Moderate View 0.00 -0.01 0.03 -0.05 -0.25 0.35
Substantial View -0.01 -0.04 0.02 -0.08 -0.31 0.13
Extreme View 0.03 0.02 0.05 -0.03 -0.23 0.09
Inside 3000 Feet -0.03 -0.06 -0.01 0.06 -0.38 0.32
Between 3000 Feet and 1 Mile -0.04 -0.06 -0.01 -0.10 -0.44 0.52
Between 1 and 3 Miles -0.01 -0.03 0.02 0.00 -0.23 0.40
Between 3 and 5 Miles 0.02 0.01 0.04 0.05 -0.05 0.32

Unrestricted Models
CoefficientsCoefficients

Restricted Models
Parameters

 
 
Turning from the levels of the coefficients to the stability of their statistical significance and sign 
across models more reasons for concern are found. Table A - 5 summarizes the results of the 
unrestricted models, and presents the number of statistically significant variables of interest as a 
percent of the total estimated. The table also breaks these results down into two groups, those 
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with coefficients above zero and those with coefficients below zero.122  It should be emphasized 
here that it is the a priori expectation that, if effects exist, all of these coefficients would be less 
than zero, indicating an adverse effect on home prices from proximity to and views of wind 
turbines.  Despite that expectation, when the variables of interest are unrestricted it is found that 
they are as likely to be above zero as they are below.123  In effect, the small numbers of cases 
available for analysis at the study area level produce unstable results, likely because the 
estimates are being unduly influenced by either study area specific effects that are not captured 
by the model or by a limited number of observations that represents a larger fraction of the 
overall sample in that model.124 

Table A - 5: Summary of Significant VOI Above and Below Zero in Unrestricted Models 

Total
Below 
Zero

Above 
Zero

Minor View 32% 14% 18%
Moderate View 23% 11% 13%
Substantial View 4% 4% 0%
Extreme View 0% 0% 0%
Inside 3000 Feet 23% 15% 8%
Between 3000 Feet and 1 Mile 30% 14% 16%
Between 1 and 3 Miles 56% 32% 24%
Between 3 and 5 Miles 45% 3% 43%

Significant Variables
Unrestricted Models

 

F.3 Selecting a Base Model 
To conclude, it was found that all three concerns related to the estimation and use of an 
unrestricted model form are borne out in practice.  Despite experimenting with 16 different 
combinations of interactions, little overall improvement in performance is discovered.  Where 
performance gains are found they are at the expense of parsimony as reflected in the lack of 
increase in the Modified R2 and the relatively higher Schwartz information criterion.  Further, 
divergent and spurious coefficients of interest and large standard errors are associated with those 
coefficients.  Therefore the fully restricted model, equation (1), is used in this report as the “Base 
Model”. 
                                                 
122 The “Total” percentage of significant coefficients is calculated by counting the total number of significant 
coefficients across all 8 unrestricted models for each variable of interest, and dividing this total by the total number 
of coefficients.  Therefore, a study area that did not have any homes in a group (for example, homes with 
EXTREME VIEWS) was not counted in the “total number of coefficients” sum.  Any differences between the sum 
of “above” and “below” zero groups from the total are due to rounding errors. 
123 The relatively larger number of significant variables for the MINOR rated view, MODERATE rated view, Mile 1 
to 3, and Mile 3 to 5 parameters are likely related to the smaller standard errors for those categories, which result 
from larger numbers of cases. 
124 Another possible explanation for spurious results in general is measurement error, when parameters do not 
appropriately represent what one is testing for.  In this case though, the VIEW variables have been adequately 
“ground truthed” during the development of the measurement scale, and are similar to the VISTA variables, which 
were found to be very stable across study areas.  DISTANCE, or for that matter, distance to any disamenity, has 
been repeatedly found to be an appropriate proxy for the size of effects.  As a result, it is not believed that 
measurement error is a likely explanation for the results presented here.   
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Appendix G: OLS Assumptions, and Tests for the Base Model 
A number of criteria must be met to ensure that the Base Model and Alternative Hedonic Models 
produce unbiased coefficient estimates and standard errors: 1) appropriate controls for outliers 
and influencers; 2) homoskedasticity; 3) absence of serial or spatial autocorrelation; and 4) 
reasonably limited multicollinearity.  Each of these criteria, and how they are addressed, is 
discussed below. 
 
Outliers and Influencers:  Home sale prices that are well away from the mean, also called 
outliers and influencers, can cause undue influence on parameter estimates.  A number of formal 
tests are available to identify these cases, the most common being Mahalanobis’ Distance (“M 
Distance”) (Mahalanobis, 1936) and standardized residual screening.  M Distance measures the 
degree to which individual observations influence the mean of the residuals.  If any single 
observation has a strong influence on the residuals, it should be inspected and potentially 
removed.  An auxiliary, but more informal, test for identifying these potentially influential 
observations is to see when the standardized absolute value of the residual exceeds some 
threshold.  Both the Base Model and the All Sales Model were run using the original dataset of 
7,464 transactions and the 4,940 transactions which occurred post-construction respectively.  For 
both models the standardized residuals and the M Distance statistics were saved.125  The 
histograms of these two sets of statistics from the two regressions are shown in Figure A - 15 
through Figure A - 18.   
 

                                                 
125 For the M Distance statistics all variables of interest were removed from the model.  If they were left in the M-
Distance statistics could be influenced by the small numbers of cases in the variables of interest.  If these parameters 
were strongly influenced by a certain case, it could drive the results upward.  Inspecting the controlling variables in 
the model, and how well they predicted the sale prices of the transactions in the sample, was of paramount 
importance therefore the variables of interest were not included. 
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Figure A - 15: Histogram of Standardized Residuals for Base Model 

 

Figure A - 16: Histogram of Mahalanobis Distance Statistics for Base Model 
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Figure A - 17: Histogram of Standardized Residuals for All Sales Model 

 

Figure A - 18: Histogram of Mahalanobis Distance Statistics for All Sales Model 
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The M Distance histograms suggested that a cutoff of 150 may be appropriate, which would 
exclude 15 cases from the All Sales Model and seven cases from the Base Model (all of the latter 
of which were among the 15 outliers in the All Sales Model).  The Standardized Residual 
histograms suggested a cutoff of 4, 5, or 6, which would exclude 13, 8, and 3 cases from the 
Base Model, and 22, 12, and 5 cases from the All Sales Model.  A case-by-case investigation of 
each of these sales transactions was then conducted by comparing their home characteristics (e.g., 
square feet, baths, age, etc.) against their study area and panel model cohorts to ensure that none 
had been inappropriately coded.  None of the M Distance flagged cases seemed to be 
inappropriately coded, and none of those cases were removed from the final dataset as a result.  
Five cases that were flagged from the All Sales Model (which corresponded to three cases in the 
Base Model) with a Standardized Residual greater than six, however, were clearly outliers.  One 
had a sale price that was more than $200,000 more than any other transaction in the model, and 
the other four had exceptionally low prices, yet high numbers of corresponding characteristics 
that would suggest higher home sales prices (such as over 2000 square feet – all four cases – or 
more than two bathrooms – three cases).   
 
As a result of these investigations, these five cases were removed from the model.  One of the 
five cases occurred prior to announcement, one occurred after announcement and before 
construction, and the other three occurred after construction began.  None were within three 
miles of the nearest wind turbine except one, which was 0.6 miles from the nearest turbine and 
had a MINOR view of the wind facility.  The other two had no views of the turbines.  Although 
there was hesitancy in removing any cases from the model, these transactions were considered 
appropriately influential and keeping them in the model would bias the results inappropriately.  
Further, the one home that was situated inside of one mile was surrounded by five other 
transactions in the same study area that also occurred after construction began and were a similar 
distance from the turbines, but that were not flagged by the outliers screen.  Therefore, its 
removal was considered appropriate given that other homes in the sample would likely 
experience similar effects.   
 
After removing these five cases, the sensitivity of the model results were tested to the inclusion 
or exclusion of the “greater than five” and “greater than four” Standardized Residuals 
observations and the cases flagged by the M Distance screen, finding that parameter estimates 
for the variables of interest moved slightly with these cases removed but not enough to change 
the results significantly.  Because they did not show a unique grouping across the variables of 
interest, nor any unusual potentially inappropriate coding, and, more importantly, did not 
substantially influence the results, no substantive reason was found to remove any additional 
transactions from the sample. Therefore, the final dataset included a total of 7,459 cases, of 
which 4,937 occurred post-construction. 
 
Homoskedasticity: A standard formal test for the presence of homoskedastic error terms is the 
White's statistic (White, 1980).  However, the requirements to perform this test were overly 
burdensome for the computing power available.  Instead, an informal test was applied, which 
plots the regression errors against predicted values and various independent variables to observe 
whether a "heteroskedastic pattern" is in evidence (Gujarati, 2003).  Although no evidence of 
heteroskedasticity was found using this method, to be conservative, nonetheless all models were 
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run with White’s heteroskedasticity correction to the parameter estimates’ standard errors (which 
will not adversely influence the errors if they are homoskedastic).  
 
Serial Autocorrelation: A standard formal test for the presence of serial autocorrelation in the 
error term is the Durbin-Watson statistic (Durbin and Watson, 1951).  Applying this test as 
proposed by Durbin and Watson to the full panel dataset was problematic because the test looks 
at the error structure based on the order that observations are included in the statistical regression 
model.  Any ordering choice over the entire panel data set invariably involves mixing home 
transactions from various study areas.  Ideally, one would segment the data by study area for 
purposes of calculating this test, but that method was not easily implemented with the statistical 
software package used for this analysis (i.e., SAS).  Instead, study area specific regression 
models were run with the data chronologically ordered in each to produce twelve different 
Durbin-Watson statistics, one for each study area specific model.  The Durbin-Watson test 
statistics ranged from 1.98–2.16, which are all within the acceptable range.126 Given that serial 
autocorrelation was not found to be a significant concern for each study area specific model, it is 
assumed that the same holds for the full dataset used in the analysis presented in this report. 
 
Spatial Autocorrelation: It is well known that the sales price of a home can be systematically 
influenced by the sales prices of those homes that have sold nearby (Dubin, 1998; LeSage, 1999).  
Both the seller and the buyer use information from comparable surrounding sales to inform them 
of the appropriate transaction price, and nearby homes often experience similar amenities and 
disamenities.  Therefore, the price for any single home is likely to be weakly dependent of the 
prices of homes in close temporal and spatial proximity.  This lack of independence of home sale 
prices could bias the hedonic results (Dubin, 1998; LeSage, 1999), if not adequately addressed.  
A number of techniques are available to address this concern (Case et al., 2004; Espey et al., 
2007), but because of the large sample and computing limits, a variation of the Spatial Auto 
Regressive Model (SAR) was chosen (Espey et al., 2007).   
 
Specifically, an independent variable is included in the models: the predicted values of the 
weighted nearest neighbor’s natural log of sales price in 1996 dollars.127  To construct this vector 
of predicted prices, an auxiliary regression is developed using the spatially weighted average 
natural log of sales price in 1996 dollars as the independent variable and the spatially weighted 
average set of home characteristics as the dependent variables.  This regression was used to 
produce the predicted weighted nearest neighbor’s natural log of sales price in 1996 dollars that 
is then included in the Base and Alternative Models.  This process required the following steps:  
1) Selecting the neighbors for inclusion in the calculation;  
2) Calculating a weighted sales price from these neighbors’ transactions;  
3) Selecting and calculating the weighted neighbors home characteristics; and  
4) Forecasting the weighted average neighbor’s sales price.   
 
• Selecting the neighbors:  To select the neighbors whose home transactions would most 

likely have affected the sales price of the subject home under review, all of the homes that 
                                                 
126 The critical values for the models were between 1.89 and 2.53, assuming 5% significance, greater than 20 
variables, and more than 200 cases (Gujarati, 2003). 
127 The predicted value was used, instead of the actual value, to help correct for simultaneity or endogeneity 
problems that might otherwise exist. 
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sold within the preceding six months of a subject home’s sale date in the same study area are 
identified and, from those, the five nearest neighbors based on Euclidian distance are selected.  
The inverse of each selected nearest neighbors’ distance (in quarter miles) to the subject 
home was then calculated.  Each of these values was then divided by the sum of the five 
nearest neighbor’s inverse distance values to create a neighbor’s distance weight (NDW) for 
each of the five nearest neighbors.128   

 
• Creating the weighted sales price:  Each of the neighbor’s natural log of sales price in 1996 

dollars (LN_Saleprice96) is multiplied by its distance weight (NDW).  Then, each weighted 
neighbor’s LN_Saleprice96 is summed to create a weighted nearest neighbor 
LN_Saleprice96 (Nbr_LN_Saleprice96).   

 
• Selecting and calculating the weighted neighbors home characteristics: Nine independent 

variables are used from each of the neighbor’s homes: square feet, age of the home at the 
time of sale, age of the home at the time of sale squared, acres, number of full baths, and 
condition (1-5, with Poor = 1, Below Average = 2, etc.).  A weighted average is created of 
each of the characteristics by multiplying each of the neighbor’s individual characteristics by 
their NDW, and then summing those values across the five neighbors to create the weighted 
average nearest neighbors’ home characteristic.129 Then each of the independent variables is 
interacted with the study area to allow each one to be independently estimated for each study 
area. 

 
• Forecasting the weighted average neighbors sales price: To create the final predicted 

neighbor’s price, the weighted nearest neighbor LN_Saleprice96 is regressed on the weighted 
average nearest neighbors’ home characteristics to produce a predicted weighted nearest 
neighbor LN_Saleprice96 (Nbr_LN_SalePrice96_hat). These predicted values are then 
included in the Base and Alternative Models as independent variables to account for the 
spatial and temporal influence of the neighbors’ home transactions. 

 
In all models, the coefficient for this spatial adjustment parameter meets the expectations for sign 
and magnitude and is significant well above the 99% level, indicating both the presence of 
spatial autocorrelation and the appropriateness of the control for it. 
 
Multicollinearity:  There are several standard formal tests for detecting multicollinearity within 
the independent variables of a regression model.  The Variance-Inflation Factor and Condition 
Index is applied to test for this violation of OLS assumptions.  Specifically, a Variance-Inflation 
Factor (VIF) greater than 4 and/or a Condition Index of greater than 30 (Kleinbaum et al., 1988) 
are strong indicators that multicollinearity may exist.  Multicollinearity is found in the model 
using both tests.  Such a result is not uncommon in hedonic models because a number of 
characteristics, such as square feet or age of a home, are often correlated with other 
characteristics, such as the number of acres, bathrooms, and fireplaces.  Not surprisingly, age of 
the home at the time of sale (AgeofHome) and the age of the home squared (AgeatHome_Sqrd) 

                                                 
128 Put differently, the weight is the contribution of that home’s inverse distance to the total sum of the five nearest 
neighbors’ inverse distances. 
129 Condition requires rounding to the nearest integer and then creating a dummy from the 1-5 integers. 
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exhibited some multicollinearity (VIF equaled 11.8 and 10.6, respectively).  Additionally, the 
home condition shows a fairly high Condition Index with square feet, indicating collinearity.  
More importantly, though, are the collinearity statistics for the variables of interest.  The VIF for 
the VIEW variables range from 1.17 to 1.18 and for the DISTANCE variables they range from 
1.2 to 3.6, indicating little collinearity with the other variables in the model.  To test for this in 
another way, a number of models are compared with various identified highly collinear variables 
removed (e.g., AgeatSale, Sqft) and found that the removal of these variables had little influence 
on the variables of interest.  Therefore, despite the presence of multicollinearity in the model, it 
is not believed that the variables of interest are inappropriately influenced.  Further, any 
corrections for these issues might cause more harm to the model's estimating efficiency than 
taking no further action (Gujarati, 2003); as such, no specific adjustments to address the presence 
of multicollinearity are pursued further.   
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Appendix H: Alternative Models: Full Hedonic Regression Results 

Table A - 6: Full Results for the Distance Stability Model 
Coef. SE p Value n

Intercept 7.61 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.33 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.08 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.30 0.03 0.00 291
PAWC -0.07 0.03 0.01 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
Mile Less 0 57 -0.04 0.04 0.29 67
Mile 0 57to1 -0.06 0.05 0.27 58
Mile 1to3 -0.01 0.02 0.71 2,019
Mile 3to5 0.01 0.01 0.26 1,923
Mile Gtr5 Omitted     Omitted     Omitted     870

Model Information  
Model Equation Number 2
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 33
F Statistic 496.7
Adjusted R Squared 0.77

LN_SalePrice96
Distance Stability

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 7: Full Results for the View Stability Model 
Coef. SE Sig n

Intercept 7.64 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.02 0.00 1,071
OKCC -0.45 0.02 0.00 476
IABV -0.25 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.08 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
Post Con NoView Omitted     Omitted     Omitted     4,207
View Minor -0.02 0.01 0.25 561
View Mod 0.00 0.03 0.90 106
View Sub -0.04 0.06 0.56 35
View Extrm -0.03 0.06 0.61 28

Model Information  
Model Equation Number 3
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 33
F Statistic 495.9
Adjusted R Squared 0.77

LN_SalePrice96
View Stability

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 8: Full Results for the Continuous Distance Model 

Coef. SE p Value n

Intercept 7.64 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.23 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.02 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.25 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.01 0.01 0.33 561
Moderate View 0.01 0.03 0.77 106
Substantial View -0.02 0.07 0.72 35
Extreme View 0.01 0.10 0.88 28
InvDISTANCE -0.01 0.02 0.46 4,937

Model Information  
Model Equation Number 5
Model Name Continuous Distance Model
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 34
F Statistic 481.3
Adjusted R Squared 0.77

LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 9: Full Results for the All Sales Model 
Coef. SE p Value n

Intercept 9.08 0.14 0.00
Nbr LN SP96 hat All OI 0.16 0.01 0.00 7,459
AgeatSale -0.007 0.0003 0.00 7,459
AgeatSale Sqrd 0.00003 0.000002 0.00 7,459
Sqft 1000 0.28 0.01 0.00 7,459
Acres 0.02 0.00 0.00 7,459
Baths 0.08 0.01 0.00 7,459
ExtWalls Stone 0.21 0.01 0.00 2,287
CentralAC 0.12 0.01 0.00 3,785
Fireplace 0.11 0.01 0.00 2,708
FinBsmt 0.09 0.01 0.00 990
Cul De Sac 0.09 0.01 0.00 1,472
Water Front 0.35 0.03 0.00 107
Cnd Low -0.43 0.04 0.00 101
Cnd BAvg -0.21 0.02 0.00 519
Cnd Avg Omitted     Omitted     Omitted     4,357
Cnd AAvg 0.13 0.01 0.00 2,042
Cnd High 0.22 0.02 0.00 440
Vista Poor -0.25 0.02 0.00 470
Vista BAvg -0.09 0.01 0.00 4,301
Vista Avg Omitted     Omitted     Omitted     1,912
Vista AAvg 0.10 0.01 0.00 659
Vista Prem 0.09 0.03 0.00 117
WAOR Omitted     Omitted     Omitted     790
TXHC -0.82 0.02 0.00 1,311
OKCC -0.53 0.02 0.00 1,113
IABV -0.31 0.02 0.00 822
ILLC -0.05 0.02 0.02 412
WIKCDC -0.17 0.01 0.00 810
PASC -0.37 0.03 0.00 494
PAWC -0.15 0.02 0.00 551
NYMCOC -0.25 0.02 0.00 463
NYMC -0.15 0.02 0.00 693
Pre-Construction Sales Omitted     Omitted     Omitted     2,522
No View 0.02 0.01 0.06 4,207
Minor View 0.00 0.02 0.76 561
Moderate View 0.03 0.03 0.38 106
Substantial View 0.03 0.07 0.63 35
Extreme View 0.06 0.08 0.43 28
Inside 3000 Feet -0.06 0.05 0.23 80
Between 3000 Feet and 1 Mile -0.08 0.05 0.08 65
Between 1 and 3 Miles 0.00 0.01 0.79 2,359
Between 3 and 5 Miles 0.01 0.01 0.58 2,200
Outside 5 Miles 0.00 0.02 0.76 1,000
Pre-Announcement Sales Omitted     Omitted     Omitted     1,755

Model Information  
Model Equation Number 6
Model Name
Dependent Variable
Number of Cases 7459
Number of Predictors (k) 39
F Statistic 579.9
Adjusted R Squared 0.75

All Sales Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 10: Full Results for the Temporal Aspects Model 
Coef. SE p Value n

Intercept 9.11 0.14 0.00
Nbr LN SP96 hat All OI 0.16 0.01 0.00 7,459
AgeatSale -0.007 0.0003 0.00 7,459
AgeatSale Sqrd 0.00003 0.000002 0.00 7,459
Sqft 1000 0.28 0.01 0.00 7,459
Acres 0.02 0.00 0.00 7,459
Baths 0.08 0.01 0.00 7,459
ExtWalls Stone 0.21 0.01 0.00 2,287
CentralAC 0.12 0.01 0.00 3,785
Fireplace 0.12 0.01 0.00 2,708
FinBsmt 0.09 0.01 0.00 990
Cul De Sac 0.09 0.01 0.00 1,472
Water Front 0.35 0.03 0.00 107
Cnd Low -0.43 0.04 0.00 101
Cnd BAvg -0.21 0.02 0.00 519
Cnd Avg Omitted     Omitted     Omitted     4,357
Cnd AAvg 0.13 0.01 0.00 2,042
Cnd High 0.22 0.02 0.00 440
Vista Poor -0.25 0.02 0.00 470
Vista BAvg -0.09 0.01 0.00 4,301
Vista Avg Omitted     Omitted     Omitted     1,912
Vista AAvg 0.10 0.01 0.00 659
Vista Prem 0.09 0.03 0.00 117
WAOR Omitted     Omitted     Omitted     790
TXHC -0.82 0.02 0.00 1,311
OKCC -0.52 0.02 0.00 1,113
IABV -0.30 0.02 0.00 822
ILLC -0.04 0.02 0.05 412
WIKCDC -0.17 0.02 0.00 810
PASC -0.37 0.03 0.00 494
PAWC -0.14 0.02 0.00 551
NYMCOC -0.25 0.02 0.00 463
NYMC -0.15 0.02 0.00 693
"Omitted" = reference category for fixed effects variables                                                      
"n" indicates number of cases in category when category = "1"  
 
Note: Results for variables of interest shown on following page 
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Coef. SE p Value n

No View Omitted     Omitted     Omitted     6,729
Minor View -0.02 0.01 0.20 561
Moderate View 0.00 0.03 0.97 106
Substantial View 0.01 0.07 0.87 35
Extreme View 0.04 0.07 0.59 28
Pre_Anc_Gtr2Yr_Lt1Mile -0.13 0.06 0.02 38
Pre_Anc_2Yr_Lt1Mile -0.10 0.05 0.06 40
Post_Anc_Pre_Con_Lt1Mile -0.14 0.06 0.02 21
Post_Con_2Yr_Lt1Mile -0.09 0.07 0.15 39
Post_Con_2_4Yr_Lt1Mile -0.01 0.06 0.86 44
Post_Con_Gtr5Yr_Lt1Mile -0.07 0.08 0.37 42
Pre_Anc_Gtr2Yr_1_3Mile -0.04 0.03 0.19 283
Pre_Anc_2Yr_1_3Mile 0.00 0.03 0.91 592
Post_Anc_Pre_Con_1_3Mile -0.02 0.03 0.53 342
Post_Con_2Yr_1_3Mile 0.00 0.03 0.90 807
Post_Con_2_4Yr_1_3Mile 0.01 0.03 0.78 503
Post_Con_Gtr5Yr_1_3Mile 0.00 0.03 0.93 710
Pre_Anc_Gtr2Yr_3_5Mile 0.00 0.04 0.93 157
Pre_Anc_2Yr_3_5Mile 0.00 0.03 0.98 380
Post_Anc_Pre_Con_3_5Mile 0.00 0.03 0.93 299
Post_Con_2Yr_3_5Mile 0.02 0.03 0.56 574
Post_Con_2_4Yr_3_5Mile 0.01 0.03 0.66 594
Post_Con_Gtr5Yr_3_5Mile 0.01 0.03 0.68 758
Pre_Anc_Gtr2Yr_Gtr5Mile Omitted     Omitted     Omitted     132
Pre_Anc_2Yr_Gtr5Mile -0.03 0.04 0.39 133
Post_Anc_Pre_Con_Gtr5Mile -0.03 0.03 0.36 105
Post_Con_2Yr_Gtr5Mile -0.03 0.03 0.44 215
Post_Con_2_4Yr_Gtr5Mile 0.03 0.03 0.42 227
Post_Con_Gtr5Yr_Gtr5Mile 0.01 0.03 0.72 424

Model Information  
Model Equation Number 7
Model Name
Dependent Variable
Number of Cases 7459
Number of Predictors (k) 56
F Statistic 404.5
Adjusted R2 0.75

Temporal Aspects Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                                      
"n" indicates number of cases in category when category = "1"
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Table A - 11: Full Results for the Orientation Model 
Coef. SE p Value n

Intercept 7.62 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.33 0.04 0.00 87
Cnd Low -0.44 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.24 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.08 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.01 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.01 0.06 0.92 561
Moderate View 0.00 0.06 0.97 106
Substantial View -0.01 0.09 0.87 35
Extreme View 0.02 0.17 0.89 28
Inside 3000 Feet -0.04 0.07 0.55 67
Between 3000 Feet and 1 Mile -0.05 0.05 0.37 58
Between 1 and 3 Miles 0.00 0.02 0.83 2,019
Between 3 and 5 Miles 0.02 0.01 0.22 1,923
Outside 5 Miles Omitted     Omitted     Omitted     870
Front Orientation -0.01 0.06 0.82 294
Back Orientation 0.03 0.06 0.55 280
Side Orientation -0.03 0.06 0.55 253

Model Information  
Model Equation Number 8
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 40
F Statistic 410.0
Adjusted R Squared 0.77

Orientation Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                           
"n" indicates number of cases in category when category = "1"
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Table A - 12: Full Results for the Overlap Model 
Coef. SE p Value n

Intercept 7.61 0.18 0.00
Nbr LN SalePrice96 hat 0.29 0.02 0.00 4,937
AgeatSale -0.006 0.0004 0.00 4,937
AgeatSale Sqrd 0.00002 0.000003 0.00 4,937
Sqft 1000 0.28 0.01 0.00 4,937
Acres 0.02 0.00 0.00 4,937
Baths 0.09 0.01 0.00 4,937
ExtWalls Stone 0.21 0.02 0.00 1,486
CentralAC 0.09 0.01 0.00 2,575
Fireplace 0.11 0.01 0.00 1,834
FinBsmt 0.08 0.02 0.00 673
Cul De Sac 0.10 0.01 0.00 992
Water Front 0.34 0.04 0.00 87
Cnd Low -0.45 0.05 0.00 69
Cnd BAvg -0.24 0.02 0.00 350
Cnd Avg Omitted     Omitted     Omitted     2,727
Cnd AAvg 0.13 0.01 0.00 1,445
Cnd High 0.24 0.02 0.00 337
Vista Poor -0.21 0.02 0.00 310
Vista BAvg -0.08 0.01 0.00 2,857
Vista Avg Omitted     Omitted     Omitted     1,247
Vista AAvg 0.10 0.02 0.00 448
Vista Prem 0.13 0.04 0.00 75
WAOR Omitted     Omitted     Omitted     519
TXHC -0.75 0.03 0.00 1,071
OKCC -0.44 0.02 0.00 476
IABV -0.24 0.02 0.00 605
ILLC -0.09 0.03 0.00 213
WIKCDC -0.14 0.02 0.00 725
PASC -0.31 0.03 0.00 291
PAWC -0.07 0.03 0.00 222
NYMCOC -0.20 0.03 0.00 346
NYMC -0.15 0.02 0.00 469
No View Omitted     Omitted     Omitted     4,207
Minor View -0.03 0.02 0.10 561
Moderate View -0.02 0.04 0.67 106
Substantial View -0.05 0.09 0.57 35
Extreme View -0.03 0.10 0.77 28
Inside 3000 Feet -0.05 0.06 0.41 67
Between 3000 Feet and 1 Mile -0.05 0.05 0.38 58
Between 1 and 3 Miles 0.00 0.02 0.82 2,019
Between 3 and 5 Miles 0.02 0.01 0.22 1,923
Outside 5 Miles Omitted     Omitted     Omitted     870
View Does Not Overlap Vista Omitted     Omitted     Omitted     320
View Barely Overlaps Vista 0.05 0.03 0.09 150
View Somewhat Overlaps Vista 0.01 0.03 0.67 132
View Strongly Overlaps Vista 0.05 0.05 0.31 128

Model Information  
Model Equation Number 9
Model Name
Dependent Variable
Number of Cases 4937
Number of Predictors (k) 40
F Statistic 409.7
Adjusted R Squared 0.77

Overlap Model
LN_SalePrice96

"Omitted" = reference category for fixed effects variables                                                  
"n" indicates number of cases in category when category = "1"
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RM HOEFS & ASSOCIATES, INC. 
  

 

PO Box 3102 

1129 5th Avenue South, 2nd floor 

PO Box 3102 

Fargo, North Dakota 58108 

Phone: 701-298-3066 

Fax:  701-298-0810 
 

 

 

December 14, 2015  

 

 

 

Orin Shakerdge, Esq.  

NextEra Energy Resources, LLC 

700 Universe Blvd., LAW/JB 

Juno Beach, FL 33408 

 

 

 

Re:  Consultation Report  

 Wind Farm Survey and the Impact on Property Values  

 

 

 

Dear Mr. Shakerdge, 

 

 

Pursuant to your request, we have completed a quantitative survey of individual properties located in 

areas of wind farms across the State of North Dakota. The intended use of the survey is to provide market 

reactions regarding wind farms, placing emphasis on externalities created by the construction of such, and 

the resulting impact on property values. The survey was developed in compliance with USPAP Ethics and 

Competency Rules.  

 

The Consultation Report represents succinct discussions concerning the data, reasoning, and analyses 

used. The depth of discussion is specific to the needs of the client and for the survey’s intended use. 

Additional documentation is retained in the work file of the appraiser. No responsibility is assumed for 

legal matters, nor is any opinion rendered on the property title or on property value. 

 

Neither our employment nor compensation is contingent on the outcome of the survey. The undersigned 

has no present or contemplated future interest in any of the surveyed properties. All opinions are 

developed through the course of accepted analytical procedures.  

 

Rose M. Hoefs takes full responsibility for the survey and its content. The assignment is based on an 

impartial or unbiased perspective; it is not made for favoring a specific cause of any particular party. The 

Appraiser has no present or contemplated future interest in the data, as presented, and all opinions have 

been developed through the course of accepted analytical procedures. Careful consideration has been 

given to provide an accurate analysis of the data, related markets and to any possible benefits and 

detriments.   
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It has been a privilege to be of service.  If you have any questions or comments after reading the survey, 

please inquire. 

 

 
        Respectfully submitted, 
        RM Hoefs & Associates, Inc. 
 
 

 
 
 Rose M. Hoefs    
 Certified General Appraiser 

 
 
ND Certified General Appraiser’s License #1063  
MN Certified General Appraiser’s License #4002095  
SD Certified General Appraiser’s License #1333CG 
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♦ 
CERTIFICATION 

 

 

 

I hereby certify that:  

 

I, Rose M. Hoefs, Certified General Appraiser, completed this Consultation Report / Wind Farm Survey 

and take full responsibility for its contents. Field inspections were made of the data contained in this 

consultation report. The data are as represented.    

  

The statements of fact contained in the report are true and correct. The reported analyses, opinions and 

conclusions are limited only by the reported assumptions, limiting conditions and legal instructions, and 

are my personal, impartial and unbiased professional analysis, opinions and conclusions.  

 

This consulting assignment is not based on a requested direction of the data. The appraiser has no present 

or prospective direct or indirect interest in any of the surveyed data, the specific transactions or any 

personal interest with respect to the parties involved.   

 

The development and reporting of this consultation assignment complies with the Ethics and Competency 

Rules of the Uniform Standards of Professional Appraisal Practice, and the Appraisal Institute's Code of 

Professional Ethics. 

 

Except as hereinafter provided, the client may distribute entire copies of this survey to selected third 

parties; however, no portion of this survey can be disseminated to the public by advertising media, public 

relations media, news media, sales media, or other media for public communication without the prior 

written consent of the appraiser. 

 

RM Hoefs and Associates, Inc. has not performed any appraisal services regarding the sale data contained 

in this survey within the three-year period immediately preceding the acceptance of this assignment. 

 

Rose M. Hoefs is a Candidate for Designation with the Appraisal Institute; therefore, the use of this report 

is subject to the requirements of the Appraisal Institute, relating to review by its duly authorized 

representative(s). As of the date of this report, Ms. Hoefs completed the Standards and Ethics 

Requirements of the Appraisal Institute for Associate Members.  

 

 

 

 

SIGNED                                                                                       DATE December 14, 2015 

Rose M. Hoefs, Supervisory Appraiser (Certified General)  

RM Hoefs & Associates, Inc.  

 

 North Dakota Certified General License  #1063 

 Minnesota Certified General License  #4002095 

SD Certified General Appraiser’s License  #1333CG 
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RM Hoefs & Associates, Inc. 1 

♦ SCOPE OF WORK  

 

I. STATEMENT OF COMPETENCY 
 

This consulting assignment was accepted by R. M. Hoefs & Associates, Inc. from the client, Brady Wind. 

LLC. Rose M. Hoefs has completed prior assignments on similar projects. Her knowledge and experience is 

established, being confirmed through the successful completion of numerous appraisals, consulting 

assignments and also by the completion and passing of educational courses offered by the Appraisal Institute. 

The appraiser is an advanced candidate of the Appraisal Institute and is a General Appraiser, board-certified 

through the North Dakota Real Estate Appraiser Qualification and Ethics Board the State of Minnesota 

Department of Commerce and the South Dakota Department of Labor and Regulation. (See enclosed 

Qualifications).  
 

In preparation of this assignment, various articles were researched, including those in the text Towers, 

Turbines and Transmission Lines, Impacts on Property Values regarding a diminution in property values due 

to the construction of wind turbines and wind farms. The preceding steps have been taken to facilitate the 

completion of this assignment in a competent and professional manner, complying fully with the Competency 

Provision of the Uniform Standards of Professional Appraisal Practice. 

 

II. CONTINGENT AND LIMITING CONDITIONS 
 

This survey is subject to the following contingent and limiting conditions, which are an integral part of this 

survey along with all certifications, definitions, facts, statements, assumptions, disclosures hypotheses, 

analyses, and opinions. 
 

1. By this notice, all persons, companies, corporations or government agencies using or relying on this 
report in any manner bind themselves to accept these Contingent and Limiting Conditions and all 
other limiting conditions contained elsewhere in this report. This survey does not address any 
unforeseeable events that could alter the market conditions reflected in the analysis. 
 

2. Illustrative materials are included only to assist the reader in visualizing the properties included in the 
survey. 

 

3. As a part of the survey process, information was gathered and analyzed to form opinions that pertain 
solely to the survey. Information, regarding the sale data, their neighborhoods, or other topics 
discussed in the report, was obtained from a variety of sources deemed reliable and believed to be 
true and correct in accordance with the extent of research. Any exhibits in the report are intended to 
assist the reader in visualizing the subject property and its surroundings. The exhibits are not surveys 
unless specifically identified as such. 

 

4. This document communicates the result of a consulting assignment. No expertise is claimed in 
property inspection, engineering, construction, legal or architecture. The appraiser assumes no 
liability for such as these elements are outside of her control and beyond the scope of work as detailed 
in the report or outside reasonable “due diligence”.  
 

5. All contents of this report are prepared solely for the identified client. The liability of the appraiser is 

limited solely to the client. There is no accountability, warranty, or liability to any third party. For that 

portion of work product or services giving rise to liability, the appraiser’s maximum liability for 

services rendered under this engagement is limited to the fee collected and paid to RM Hoefs & 

Associates, Inc. In no event shall the appraiser be liable for consequential, special incidental or 

punitive loss, damages or expense, even if advised of their possible existence. The use of this report 

by third parties is solely at their risk. 
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RM Hoefs & Associates, Inc. 2 

6. It is assumed that testimony or attendance in court or at any court hearing is not required by reason 

of rendering this survey unless such arrangements are made a reasonable time in advance. The 

appraiser retains the right to expand upon the data contained in the survey and to review and 

consider any data that becomes available between the date of the survey and the date of court 

testimony or hearing. The appraiser also retains the right to amend the survey to reflect such data, 

and to make any required or necessary adjustments to the value opinions. 
 

7. Possession of this report or a copy thereof does not carry with it the right of publication. The survey 

may not be used for any purpose other than its intended use nor may it be used by any person(s) or 

entity other than the intended users.   

 

 

III. EXTRAORDINARY ASSUMPTIONS AND DISCLOSURES 
 

This survey employs the following extraordinary assumptions: 
 

 Sale data; i.e. size, topography, legal description, dimensions, etc., are collected from publicly 

available sources and/or a party to the sale. All information is assumed to be reasonably correct. 

 The appraiser did not attempt to study, dig, probe, investigate, detect, remove materials or discover 

unfavorable physical features. 

 No special expertise is implied as related to water conditions, drainage, soil conditions, and other 

physical components of the sales, other than what is of record or provided by a party to the sale.  

 

The preceding extraordinary assumptions and disclosures are integral to the process upon which the 

conclusions in this document are based.  

 

 

IV. SCOPE OF THE CONSULTATION  
 

Assignment Conditions 

The development and reporting of this consultation assignment complies with the Ethics and Competency 

Rules of the Uniform Standards of Professional Appraisal Practice, and the Appraisal Institute's Code of 

Professional Ethics. 
 

Intended Use and Users of the Survey 

The contract was secured by Orin Shakerdge, Esquire, NextEra Energy Resources, LLC, the client and 

intended user of this report.  

 

Purpose of the Consultation 

The purpose of this consultation assignment is to develop, without advocacy, a survey of market reactions 

to wind farms and/or wind turbines. Investigations and inquiries undertaken to arrive at appropriately 

supported conclusions include the analysis of the market and relevant comparable data through a qualitative 

survey commonly known as a paired sale analysis. While subjective in nature, this type of survey focuses 

on descriptive data (comparison of positives and negatives) as opposed to quantitative analysis which 

focuses on actual numerical outcomes (percentages or actual dollar amounts). The goal of the analysis is to 

provide definable market patterns.  

 

Exhibit A1-K

 
007647

ADMINISTRATIVE RECORD - Scan 9 - Page 52 of 299

- Page 2821 -



 

RM Hoefs & Associates, Inc. 3 

♦ SURVEY  

 

INTRODUCTION 

 

Wind turbines have been used throughout history as a means of generating energy, draining land, pumping 

water, milling grain and other industrial purposes. For the last decade, the United States has increased its 

reliance on wind energy not only to mitigate global warming but also to supplement and eventually supplant 

oil and gas reserves. A recent report released by Wind Vision forecasts that by 2050, 35% of all the energy 

used in the United States will be from wind. The following map indicates the Great Plains states have the 

highest potential for wind farm development, with North Dakota, Montana, Minnesota and South Dakota 

having the greatest potential.   

 

 
 

DEVELOPMENT STANDARDS  

 

While surveys indicate that public acceptance of wind energy in the United States is generally high, local 

concerns can impact the location of a wind farm and impede the development process. Very little was 

published to address those concerns until 2012, when the U. S. Fish and Wildlife Service published U.S. Fish 

and Wildlife Service land-Based Wind Energy Guidelines.  To date, this document is the most comprehensive 

available, establishing requisites for wind farm development. As a result, the American Wind Energy 

Association has worked diligently to address not only environmental concerns and issues regarding the 

construction of turbines and wind farms, but also to work hand-in-hand with the National Audubon Society 

and the National Wildlife Federation to address avian and wildlife issues. As a condition of the permitting 

process for wind farm development, impact studies are required which address concerns regarding wind 

speed, development constraints and various environmental issues. 
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RM Hoefs & Associates, Inc. 4 

PUBLIC CONCERNS  

 

Concerns voiced by the public are similar to those expressed regarding high voltage transmission lines; namely 

the aesthetics of the large steel towers and a diminution in property values, more commonly defined as: 

 Scenic view stigma: concerns that individual properties may be devalued due to the view of a wind 

turbine or wind farms. 

 Area stigma: concerns that property values within the wind farm area may be devalued.  

 Nuisance stigma: concerns that noise and shadow flickers have an adverse influence on property 

values.  

 

 

PROXIMITY STUDY / PAIRED SALES ANALYSIS  

 

Given, the preceding, it is the intent of this study to measure the effect wind turbines have on property values 

via a proximity study of paired sales.  The analysis is one of the most useful applications in determining 

detrimental conditions related to negative externalities, including noise, visual impacts, stigma and/or fear.  To 

determine if legitimate detrimental conditions exist, sales of properties improved with wind turbines are 

compared to sales of nearby properties without wind turbines. If present, a measurable and consistent 

difference will be evident in the sale prices of the properties. If not, the differences will not be significant.  

Ideally, the data (sales) should be similar in all respects; however, in reality, the market place is not ideal, and 

therefore, the search for data is extremely difficult and at times, nearly impossible. For the study conclusions to 

be reliable and not misleading, the sale data must be within the same market area, relatively comparable in 

physical characteristics, and occurring within a reasonable period of one another.   

 

Research included twelve wind farms in Barnes, Burleigh, Cavalier, Dickey – LaMoure, Griggs, Steele, Oliver 

and Ward Counties. Of the twelve, paired sales were found in five. Data is limited since the majority of wind 

farms are located in rural areas where farms and ranches are passed down from generation to generation within 

the family structure. Market participants (buyers and sellers of the preceding sales) were surveyed regarding 

perceived detrimental conditions. A review of the data indicates that out of the 26 participants,  

 

 25 did not consider any negative impact;  

 one participant would not provide an opinion of impact;   

 one property was improved with a mobile home dwelling; the buyer stated no impact; 

 two farmsteads adjacent to wind farms were retained by the sellers of the adjacent land. 

 

Although the analysis used in this research has its strengths and weaknesses, the end result is that all of the 

data are consistent in that no evidence was found as to a diminution in value associated with the location of 

wind farms or turbines.  
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BARNES COUNTY, NORTH DAKOTA  

 

The surveyed area is located adjacent to and east of Lake Ashtabula, beginning about 9.5 miles northeast of 

Valley City. The area is primarily rural in nature, with farmsteads interspersed at one to two mile increments. 

Lake Ashtabula is located one to two miles west. Steele and Griggs Counties lie north-northeast. The 

topography is one of rolling hills with some steep ravines. The area is generally treeless, with the exception of 

sporadic mature tree claims or wooded swales. The soils are glacial till, and range from level to undulating 

with drainage varying from poor to well drained. Agricultural uses include crop and hay production as well as 

pasture for livestock.  As is typical for this area, saline soils are present.  

 

Overall, the wind farms suggest little physical impact to the land other than the area used for turbine placement 

and access. Typically, the access roads appeared to use a minimal amount of land to access the turbines.   

 

The paired sales are summarized as follows, representing six sales (1, 6, 7, 8, 9 and 12) of properties improved 

with wind turbines and six without turbines (2, 3, 4, 5, 10 and 11). All of the data are situated adjacent to or 

near wind farms.   

 

No Legal Description Date Sale Price 

Deeded 

Acres PI 

Sale 

Price/ 

Deeded 

Acre  

U

s

e

a

b

Turbines 

Present

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 SW 33 142 57 Barnes 4/7/2015 320,000$    160.00 54.5 2,000$    2.00 yes no no

2 NE 35 142 57 Barnes 1/20/2015 520,000$    160.00 63.9 3,250$    none yes no no

3 NW 33 142 57 Barnes 12/29/2014  $   357,500 160.00 49.6 2,234$    none yes no no

4 NE 2 141 57 Barnes 12/26/2014  $   540,000 164.02 69.7 3,292$    none yes no yes

5 E2SE 34 142 57 Barnes 12/22/2012  $   320,000 80.00 73.9 4,000$    none yes no yes

6 Parts
32 
& 
29

142 57 Barnes 12/22/2012  $1,920,000 480.00 58.4 4,000$    4.00 yes no yes

7 NE 6 141 57 Barnes 12/21/2012  $   275,000 162.80 65.0 1,689$    2.00 yes no no

Wind Royalties  $   375,000 162.80 65.0 2,303$    2.00 yes no yes

8
NE & 

E2SW 4 141 57 Barnes 10/31/2012  $   899,999 239.39 71.6 3,760$    2.00 yes no no

9
E2SE & 
SWSW

8 141 57 Barnes 2/23/2012  $   275,000 105.75 47.4 2,600$    1.00 yes no yes*

10 SW 25 142 57 Barnes 11/18/2010  $   215,000 160.00 64.7 1,344$    none yes no no

11
SW                                     

Parts 9
9 & 
10

142 57 Barnes 9/9/2010  $   250,000 196.27 63.4 1,274$    none yes no no

12 NE 33 142 57 Barnes 3/10/2010  $   170,200 157.49 66.8 1,081$    1.00 yes no yes

Wind Royalties  $   217,500 157.49 66.8 1,381$    1.00 yes no yes  
 

The sales were then grouped according to date of sale and, with the exception of Sale 7, to their productivity 

index. Approximately 33.8% of the soils of Sale 7 are saline; therefore, the soils are marginal at best. For that 

reason, it was placed last in its grouping. 
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No Legal Description Date Sale Price 

Deeded 

Acres PI 

Sale 

Price/ 

Deeded 

Acre  

U

s

e

a

b

Turbines 

Present

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid Market Adjustment Comments 

4 NE 2 141 57 Barnes 12/26/2014  $    540,000 164.02 69.7 3,292$    none yes no yes

Premium paid for land due to 

increasing prices; 9.25 acres are 

saline; upward adjustment required 

2 NE 35 142 57 Barnes 1/20/2015 520,000$     160.00 63.9 3,250$    none yes no no
35 acres in CRP; 24.19 acres are saline 

present; positive adjustment 

1 SW 33 142 57 Barnes 4/7/2015 320,000$     160.00 54.5 2,000$    2.00 yes no no

Turbine present; does not own wind 

royalties; an upward adjustment is 

required. 

3 NW 33 142 57 Barnes 12/29/2014  $    357,500 160.00 49.6 2,234$    none yes no yes Wind Farms to east and west

5 E2SE 34 142 57 Barnes 12/22/2012  $    320,000 80.00 73.9 4,000$    none yes no yes
Premium paid for land due to 

increasing prices

8 NE & 
E2SW

4 141 57 Barnes 10/31/2012  $    899,999 239.39 71.6 3,760$    2.00 yes no no
Turbines present; does not own wind 

royalties

6 Parts
32 
& 
29

142 57 Barnes 12/22/2012  $ 1,920,000 480.00 58.4 4,000$    4.00 yes no yes

Premium paid for land due to 

increasing prices.  Turbines present; 

does not own wind royalties; positive 

adjustment for wind royalties ; 11.9 

acres are saline; upward adjustment 

required

9
E2SE 

& 
SWSW

8 141 57 Barnes 2/23/2012  $    275,000 105.75 47.4 2,600$    
1 & met 

tower
yes no yes*

Turbine present; does not own wind 

royalties; no negative impact to 

farmstead; upward adjustment 

required for turbine and tower 

7 NE 6 141 57 Barnes 12/21/2012  $    375,000 162.80 65.0 2,303$    2.00 yes no yes

Purchased wind royalties @ 

$50,000/turbine; 55.04 acres are saline 

(33.8% of total; soils are substantially 

inferior requiring upward adjustment 

when compared to Sales 2 and 4. 

12 NE 33 142 57 Barnes 3/10/2010  $    217,500 157.49 66.8 1,381$    1.00 yes no yes
Wind royalties @ $47,300 total or $300 

per acre

10 SW 25 142 57 Barnes 11/18/2010  $    215,000 160.00 64.7 1,344$    none yes no no

Wind Farms nearby; positive 

adjustment required for 19.41 saline 

acres. 

11
SW                                     

Parts 9
9 & 
10

142 57 Barnes 9/9/2010  $    250,000 196.27 63.4 1,274$    none yes no no

Land under turbines was retained by 

seller; no impact to farmstead; 13.83 

acres are saline  
 

The sale prices of Group 1 are indicative of current values. Group 2 consists of data that closed during a period 

from 2011 through 2013 when agricultural land prices were increasing rapidly. Price increases were due in part 

to (1) high commodity prices and (2) an ethanol plant at Casselton, North Dakota, which drove up local corn 

prices. Group 3 consists of sales prior to the 2011 – 2013 increasing market. Although the representative 

market value ranges are different, each group depicts a strong correlation of productivity index to sale price 

whether the sale is improved or unimproved. The variances within each data set are attributable to the 

conditions of the soils (salinity) and/or wind royalties. None of the groups evidence market resistance. The 

sellers of Sales 9 and 11 retained their farmsteads which are situated adjacent to wind farms. No aesthetic 

impact was noted. Sale 11 represents an anomaly to the market as the turbine pad sites (rather than royalty 

rights) were retained by the seller.   
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Land Sale No. 1 

 

 

 
 

Property Identification  

Record ID 5970 

Property Type Vacant Land 

Address 24th Street and 122nd Avenue SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-3330300 

Legal Description SW4 Section 33, T142N R57W, Barnes County, North Dakota 

  

Sale Data  

Grantor Leigh Ann Hafner 

Grantee Derek E. and Laura M. Bruns 

Sale Date April 07, 2015  

Deed Book/Page WD 280259 

Property Rights Leased Fee; fractional interest; wind royalties reserved by grantor 

Conditions of Sale Assemblage to current farming operation  

Financing Cash to seller 

Sale History Records were researched for 3 years; no transfers were found. 

Verification Derek Bruns, Grantee; (701) 840-1472, 11/19/2015; County records 

Sale Price $320,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling; slopes from 0 to 35% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 22nd St SE 
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Land Sale No. 1 (Cont.) 

  

Productivity Index 54.5 

Adjusted Productivity Index 62.0 (less slough and waste ) 

Wind Farm  Wind Farm directly east, west and southeast of tract  

Wind Turbines on Tract  Two  

  

Land Size Information  

Gross Acres 160.00 Acres 

Tillable Acres 120.00 Acres, 75.00% 

Slough and Waste  40.00 Acres, 25.00% 

  

Indicators  

Sale Price/Gross Acre $2,000 

Sale Price/Tillable Acre $2,667 

 

Remarks  

The sale was confirmed by Derek Bruns, Grantee, who stated he was approached by the seller to purchase 

the land since he was leasing it. The price paid was based on appraisal completed for sale purposes. Of the 

total, 120 acres are tillable, and the balance is wet or waste. The parcel is improved with 2 wind turbines; the 

tract to the east (E2 Section 33) is improved with 3 turbines. Mr. Bruns stated the price was not impacted by 

the wind turbines as he can farm around them. The seller reserved the wind royalty payments to the turbines 

at the time of sale.  

   

The primary soils include Barnes-Buse-Langhei loams, Barnes-Buse loams, Kranzburg-Lismore silty clay 

loams.  The slopes range from 0-35%. The non-irrigated soil classifications are II, IV, VI, VII, and VIII, 

with various susceptibility to erosion, water, and climate.  The PI for this subject ranges from 9 to 88, with 

an overall weighted average of 54.5 for the entire tract.  Of the total acreage 48.4% is Not Prime Farmland, 

34.7% is Prime Farmland, 14.3% is Prime Farmland if Drained, with the remaining 2.6% being Farmland of 

Statewide Importance. The soils are a range of predominantly non-hydric (71.7%), partially hydric (14.3%), 

predominantly hydric (9.2%), and non-hydric (4.8%). 
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Land Sale No. 2 

 

 
 

Property Identification  

Record ID 5968 

Property Type Vacant Land 

Address 125th Avenue SE and 23rd Street SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-3510100 

Legal Description NE4 Section 35, T142N R57W, Barnes County, North Dakota 

  

Sale Data  

Grantor Louis Powers et al 

Grantee Andrew K.G. Bruns 

Sale Date January 20, 2015  

Deed Book/Page WD 279615 

Property Rights Leased fee; Surface rights; fractional interest; reservation of minerals 

Conditions of Sale Assemblage to current farming operation  

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found. 

Verification Andrew Bruns, Grantee; (701) 840-0248, 11/25/15;  County records 

Sale Price $520,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating, slopes 6 – 9% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 125th Ave SE 

Productivity Index 63.9 

Wind Farm Wind Farm located ½ mile SW 

Wind Turbines on Tract  None  
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Land Sale No. 2 (Cont.) 

  

Land Size Information  

Gross Acres 160.000 Acres; 24.19 acres have saline present (15.12%) 

Tillable Acres 125.000 Acres, 78.13% 

CRP   35.000 Acres, 21.87% 

  

Indicators  

Sale Price/Gross Acre $3,250 

 

Remarks  

The sale was confirmed by Andrew Bruns, Grantee, who purchased the land at an estate auction as an 

assemblage to his farming operation to maintain his farm operation. Mr. Bruns believes he paid a market 

price. Prior to the purchase, Mr. Bruns leased the land, but would not disclose the amount. Mr. Bruns stated 

the land has 125 acres tillable and the balance of 35 acres is CRP. Mr. Bruns again does not know the CRP 

value but stated there is 2 years left.  Mr. Bruns farms with his brother and father and his father handles the 

business aspects. It is noted that the land in CRP is tillable, but not as productive as the balance of the 

acreage.  

 

The primary soils include Barnes-Buse loams and Hamerly-Tonka complex.  The slopes range from 0-9%. 

The non-irrigated soil classifications are II, IV, and VI, with various susceptibility to erosion, water, and 

climate. The PI for this subject ranges from 22 to 85, with an overall weighted average of 63.937.8 for the 

entire tract. Of the total acreage 51.7% is Prime Farmland, 17.1% is Farmland of Statewide Importance, 

15.9% is Prime Farmland if Drained, with the remaining 15.3% being Not Prime Farmland.  The soils are a 

range of predominantly non-hydric (60.3%), partially hydric (15.9%), predominantly hydric (15.3%), and 

non-hydric (8.5%).  24.19 acres have saline present.  Saline negatively impacts plant growth and as a result, 

sale prices.  
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Land Sale No. 3 

 

 

 
 

Property Identification  

Record ID 5969 

Property Type Vacant Land 

Address 23rd Street and 122nd Avenue SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-3320200 

Legal Description NW4 Section 33, T142N R57W, Barnes County, North Dakota 

 

Sale Data  

Grantor Leigh Ann Hafner 

Grantee Andrew Bruns 

Sale Date December 29, 2014  

Deed Book/Page WD 279497 

Property Rights Leased Fee 

Conditions of Sale Assemblage to current farming operation   

Financing Cash to seller 

Sale History Records were searched for 3 years; no transfer was found. 

Verification Andrew Bruns, Grantee; (701) 845-3346, 11/19/2015;: County records  

Sale Price $357,500   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling hills, slopes 0 to 9% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 23rd St SE 
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Land Sale No. 3 (Cont.) 

  

Productivity Index 49.6 

Adjusted Productivity Index 58.9 (Less sloughs and waste) 

Wind Farm Wind Farms directly east west and south of tract  

Wind Turbines on Tract  None    

  

Land Size Information  

Gross Acres 160.00 Acres 

Tillable Acres 118.00 Acres, 73.75% 

Sloughs and Waste 41.00 Acres, 26.25% 

  

Indicators  

Sale Price/Gross Acre $2,234 

Sale Price/ Tillable Acre $3,030 

 

Remarks  

The sale was confirmed by Andrew Bruns, who stated he has been leasing the land and approached the 

Grantor wanting to maintain his farm operation.  Mr. Bruns had the land appraised prior to the purchase and 

believes he paid market price. Of the total, 118 acres are tillable; 41 acres are slough and waste. This tract is 

not improved with wind turbines, but lies between Wind Farms on the east, west and south. Mr. Bruns 

indicated that the wind farms had no impact on the price.  

 

The primary soils include Barnes-Buse loams, Barnes-Buse-Langhei loams, and Southam silty clay loam.  

The slopes range from 0-15%.  The non-irrigated soil classifications are II, III, IV, V, VI, and VIII, with 

various susceptibility to erosion, water, stones, and climate.  The PI for this subject ranges from 9 to 88, with 

an overall weighted average of 49.6 for the entire tract.  Of the total acreage 61.1% is Not Prime Farmland, 

33.4% is Prime Farmland, 4.1% is Farmland of Statewide Importance, with the remaining 1.4% being Prime 

Farmland if Drained.  The soils are a range of predominantly non-hydric (76.7%), predominantly hydric 

(19.0%), non-hydric (2.9%), and partially hydric (1.4%). 
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Land Sale No. 4 

 

 
 

Property Identification  

Record ID 5967 

Property Type Vacant Land 

Address 125th Avenue SE and 24th Street SE, Barnes County, North Dakota 

Location Noltimier Township 

Tax ID 24-0210100 

Legal Description NE4 Section 2, T141N R57W, Barnes County, North Dakota 

  

Sale Data  

Grantor Ronald K. and Clarise E. Powers 

Grantee Jason and Hilary Sjostrom 

Sale Date December 26, 2014  

Deed Book/Page CFD 279646 

Property Rights Fee simple to pass at the time W/D is issued  

Conditions of Sale Investment  

Financing Financing: Contract for Deed: $540,000, inclusive of 1.72% interest per 

year. The first payment of $90,000 due on completion of the title opinion, 5 

further payments of $90,000 to be paid yearly on or before January 5th of 

each year from 2015 to and including 2019. 

Sale History Records were searched for a 3 year period; no transfer was found. 

Verification Jason Sjostrom; (701) 367-4548, November 25, 2015; Other sources: 

County records 

Sale Price $540,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating, 0 to 9% slopes 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 
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Land Sale No. 4 (Cont.) 

  

Access 125th Ave SE 

Productivity Index 69.7 

Wind Farm Wind Farms directly south, southeast   

Wind Turbines on Tract  None    

  

Land Size Information  

Gross Acres 164.02 Acres; 9.25 acres have saline present 

Tillable Acres 161.00 Acres, 98.16% 

Slough / Waste / Trees 3.02 Acres 1.84% 

  

Indicators  

Sale Price/Gross Acre $3,292 

Sale Price/ Tillable Acre  $3,354 

 

Remarks  

The sale was confirmed by Jason Sjostrom, Grantee, purchased the land from the Grantor as an investment, 

and rents it to the Grantor’s son. Mr. Sjostrom believes he paid a small premium for the vacant land due to 

increasing market conditions; however, there was no impact from the wind farms located to the south, 

southeast. The tract is nearly 100% tillable. A row of evergreens is in CRP, for which the buyer receives 

$180 per year for the remaining 5 or 6 year period.  

 

The primary soils include Balaton-Wyard loams, Barnes-Svea loams, Barnes-Buse loams, and Hamerly-

Wyard loams. The slopes range from 0-9%.  The non-irrigated soil classifications are II, IV, and V, with 

various susceptibility to erosion, water, and climate.  The PI for this subject ranges from 22 to 81, with an 

overall weighted average of 69.7 for the entire tract.  Of the total acreage 81.3% is Prime Farmland, 8.8% is 

Farmland of Statewide Importance, 6.2% is Not Prime Farmland, with the remaining 3.7% being Prime 

Farmland if Drained.  The soils are a range of predominantly hydric (85.2%), predominantly non-hydric 

(9.9%), and non-hydric (4.9%). 9.25 acres are saline soils which affects plant growth and pricing. 9.25 acres 

have saline present. Saline impacts plant growth and sale prices.    
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Land Sale No. 5 

 

  

 
 

Property Identification  

Record ID 5974 

Property Type Vacant Land 

Address 23rd Street SE and 123rd Avenue SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-3440400 

Legal Description E2SE4 Section 34, T142N R57W, Barnes County, North Dakota. 

  

Sale Data  

Grantor Joyce S. Larson Revocable Living Trust U/T/A 

Grantee Mark C. Winter et al  

Sale Date December 22, 2012  

Deed Book/Page TD 274326 

Property Rights Leased fee (share crop basis)  

Conditions of Sale Assemblage / atypical with  premium 

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.   

Verification Mark Winter, Grantee; (701) 845-3082, 11/18/2015; County records 

Sale Price $320,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; slopes 0 – 9%  

Utilities Assumed telephone and electricity available 

Shape Rectangular 

Roads Gravel 

Access 23rd St SE 

Productivity Index 73.9 
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Land Sale No. 5 (Cont.) 

  

Wind Farm Wind Farms directly west    

Wind Turbines on Tract  None    

  

Land Size Information  

Gross Acres 80.00 Acres   

Tillable Acres 67.00 Acres, 83.75% 

Wetlands Land Size  13.00 Acres, 16.25% 

  

Indicators  

Sale Price/Gross Acre $4,000 

Sale Price/ Tillable Acre  $4,776 

 

Remarks  

The sale was confirmed by Mark Winter, Grantee, who stated he purchased the land as an assemblage to the 

existing farming operation. He had been leasing it, when approached by the Grantor. Since market prices 

were premium, Mr. Winter was not looking to buy as prices, but purchased the tract as the Grantor had 

health issues and needed to sell. The lease was on a share crop basis with wheat/beans on a 70% share for 

the Grantee and 30% share for the Grantor; corn was at a share of 75% - 25%. The sale price was 

determined by the sale of other tracts in the area. The fact that those tracts may have had wind towers on 

them was not a part of the consideration for the price paid. He also stated that no consideration was given to 

the abutting wind farm. 

 

The primary soils include Kranzburg-Lismore silty clay loams, Hamerly-Tonka complex, and Barnes-Buse 

loams. The slopes range from 0-9%. The non-irrigated soil classifications are II, IV, and V, with various 

susceptibility to erosion and water. The PI for this subject ranges from 25 to 81, with an overall weighted 

average of 73.9 for the entire tract. Of the total acreage 77.8% is Prime Farmland, 18.6% is Prime Farmland 

if Drained, with the remaining 3.6% being Not Prime Farmland.  The soils are a range of predominantly 

hydric (77.9%), partially hydric (18.6%), and predominantly non-hydric (3.5%). 
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Land Sale No. 6 

 

 

 
 

Property Identification  

Record ID 5975 

Property Type Vacant Land 

Address 23rd Street SE and 122nd Avenue SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-2930300; 13-3210100; 13-3220200 

Legal Description N2 Section 32; SE Section 29, T142N R57W, Barnes County, North Dakota 

  

Sale Data  

Grantor Joyce S. Larson Revocable Living Trust U/T/A 

Grantee Casey J. and Debra L. Burchill 

Sale Date December 22, 2012  

Deed Book/Page TD 274327 

Property Rights Leased fee; fractional interest; seller retained wind royalties 

Conditions of Sale Assemblage to existing farming operation  

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.   

Verification Deb Burchill, Grantee; (701) 845-0726, 11/19/2015;  County records 

  

Sale Price $1,920,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling hills; slopes 0 – 15% 

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Gravel 

Access 23rd Street SE 

Productivity Index 58.4 (no adjustment required) 

Wind Farm Wind Farms on tract and to east; southeast 

Wind Turbines on Tract  Four   
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Land Sale No. 6 (Cont.) 

  

  

Land Size Information  

Gross Acres 480.00 Acres  

Tillable Acres 384.00 Acres, 80.00% 

Sloughs and Waste     96.00 Acres, 20.00% 

  

Indicators  

Sale Price/Gross Acre $4,000 

Sale Price/ Acre $5,000 

 

Remarks  

The sale was confirmed by Deb Burchill, Grantee, who stated they were approached by the Grantor to 

purchase the land due to the fact they were leasing it at the time for $75.00/acre.  Mrs. Burchill purchased the 

land to continue their farm operation. The land is 80% tillable and 20% water / wasteland. Four wind turbines 

were located on the N2 of Section 32 at the time of the sale. Mrs. Burchill would have liked to have 

purchased the wind royalty rights for the turbines, but the Grantor retained them. Mrs. Burchill believes the 

price was premium and stated that the turbines did not impact the sale price.  

 

The primary soils include Hamerly-Tonka complex, Barnes-Svea loams, and Barnes-Buse loams.  The slopes 

range from 0-15%.  The non-irrigated soil classifications are II, IV, V, VI, and VIII, with various 

susceptibility to erosion, stones, and water.  The PI for this subject ranges from 9 to 75, with an overall 

weighted average of 58.4 for the entire tract.  Of the total acreage 36.0% is Prime Farmland, 35.7% is Not 

Prime Farmland, 25% is Prime Farmland if Drained, with the remaining 3.3% being Farmland of Statewide 

Importance.  The soils are a range of predominantly non-hydric (60.6%), partially hydric (25%), 

predominantly hydric (11.1%), and non-hydric (3.3%).  11.90 acres are saline, which impacts plant growth 

and sale price.  
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Land Sale No. 7 

 

 
 

Property Identification  

Record ID 5972 

Property Type Vacant Land 

Address 24th Street SE and 120th Avenue SE, Barnes County, North Dakota 

Location Noltimier Township 

Tax ID 24-0610100 

Legal Description NE4 Section 6, T141N R57W, Barnes County, North Dakota. 

  

Sale Data  

Grantor Sandra J. Burchill 

Grantee John T. Bruns 

Sale Date December 21, 2012  

Deed Book/Page WD 274276 

Property Rights Leased Fee 

Conditions of Sale Assemblage  

Financing Cash to seller 

Verification John Bruns, Grantee; (701) 845-3346, 11/20/2015; County records 

Sale Price / Land $275,000 or $1,689 per gross acre  

Sale Price/Turbines  $100,000 representing wind right to turbines ($50,000 per turbine) 

Cumulative Sale Price  $375,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Nearly level, slopes 0-6% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 24th St SE 

Productivity Index 65.0 

Adjusted Productivity Index 68.4 
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Land Sale No. 7 (Cont.) 

  

Wind Farm Wind Farms on tract; to the east and ½ mile north and 1 mile northeast 

Wind Turbines on Tract  Two  

  

Land Size Information  

Gross Acres 162.800 Acres; 55.04 acres have saline present (33.8%) 

Tillable Acres 140.000 Acres, 86.00% 

Sloughs and Waste 22.800 Acres, 14.00% 

  

Indicators  

Sale Price/Gross Acre $1,689 excluding wind royalties; $2,303 including wind royalties 

Sale Price/ Tillable Acre  $1,964 excluding wind royalties; $2,679 including wind royalties  

 

Remarks  

The sale was confirmed by John Bruns, Grantee, who stated that the seller approached him to buy the land 

since he was leasing it. The land is very flat and has about 80 good tillable acres, 60 marginal acres and 22.8 

in waste and sloughs. He stated that the Grantor, Sandra Burchill is a substantial land owner in the area and 

he and his sons would like to acquire more land from her, so bought this land to keep her happy. The 

transaction was comprised of two transactions, rolled into one. The land was purchased at $1,689 per acre or 

$275,000 total. The wind royalties for the two turbines on the land were purchased at $100,000 or $50,000 

per turbine. Mr. Bruns used Ag County to assist in establishing the price paid for the air rights. He viewed 

the deal as a “public relations” transaction to keep the doors open for future transactions with Ms. Burchill.   

   

The primary soils include Overly-Bearden silty clay loams, Bearden silty clay loam, Vallers loam, and 

Colvin-Borup complex.  The slopes range from 0-6%.  The non-irrigated soil classifications are II, IV, and 

V, with various susceptibility to erosion, water, stones, and climate. The PI for this subject ranges from 25 to 

88, with an overall weighted average of 65 for the entire tract. Of the total acreage, 55.8% is Prime 

Farmland, with the remaining 44.2% being Not Prime Farmland. The soils are a range of predominantly non-

hydric (55.8%), predominantly hydric (36.9%), and non-hydric (7.3%). This tract has 55.04 acres of saline 

soils, which negatively affect plant growth and price paid.  
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Land Sale No. 8 

 

 
 

Property Identification  

Record ID 5971 

Property Type Vacant Land 

Address 123rd Avenue SE and 24th Street SE , Barnes County, North Dakota 

Location Noltimier Township 

Tax ID 24-0410100; 24-0440400 

Legal Description NE4; E2SW4 Section 4, T141N R57W, Barnes County, North Dakota. 

  

Sale Data  

Grantor Bruce L. Schmidt et al 

Grantee Casey J. and Debra L. Burchill 

Sale Date October 31, 2012  

Deed Book/Page WD 273843, 273844, 273845 

Property Rights Surface rights / fractional interest; reservation of mineral rights and life 

estate in existing wind project (wind royalties)  

Conditions of Sale Assemblage  

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found. 

Verification Casey Burchill, Grantee; (701) 845-0726, November 24, 2015;  Other 

sources: County records 

Sale Price $889,999   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; slopes 0 to 9%  

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 123rd Ave SE 

Productivity Index 71.6 
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Land Sale No. 8 (Cont.) 

  

Wind Farm Wind Farms adjacent to the NW 

Wind Turbines on Tract  Two  

  

Land Size Information  

Gross Acres 239.390 Acres 

Tillable Acres  239.39 Acres  

  

Indicators  

Sale Price/Gross Acre $3,718 

  

Remarks  

The sale was confirmed by Casey Burchill, Grantee, who stated they purchased the land via an auction 

that was advertised in the newspaper. Mr. Burchill believes he paid market price for the vacant land and 

stated that the seller kept the wind royalties to the two turbines on the tract, it did not impact the sale 

price.  Mr. Burchill purchased the land to expand his farm operation and described the land as mostly 

tillable with a tree clump on the north border and a row of trees near the south border.  

 

The primary soils include Barnes-Buse loams, Kranzburg-Lismore silty clay loams, and Barnes-Buse-

Langhei loams.  The slopes range from 0-9%. The non-irrigated soil classifications are II and IV, with 

various susceptibility to erosion, water, and climate. The PI for this subject ranges from 42 to 92, with an 

overall weighted average of 71.6 for the entire tract. Of the total acreage 78.6% is Prime Farmland, 16.4 

is Not Prime Farmland, 4.8% is Prime Farmland if Drained, with the remaining 0.2% being Farmland of 

Statewide Importance. The soils are a range of predominantly non-hydric (94.6%), partially hydric 

(4.8%), and predominantly hydric (0.6%). 
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Land Sale No. 9 

 

 
 

Property Identification  

Record ID 5973 

Property Type Vacant Land 

Address 26th Street SE and 123rd Avenue SE, Barnes County, North Dakota 

Location Noltimier Township 

Tax ID 24-0840400 

Legal Description E2SE4; SW4SW4 Section 8, T141N R57W, Barnes County, North Dakota, 

less and excepting a tract in the SE4 containing 4.25 acres and Auditor's Lot 

No. 1 of the SE4 containing 10 acres.   

  

Sale Data  

Grantor Prairie Industries, LLC 

Grantee Steve Winter and Mark C. Winter 

Sale Date February 23, 2012  

Deed Book/Page WD 272189 

Property Rights Leased fee; fractional interest; excludes wind royalties – existing projects 

Conditions of Sale Assemblage   

Financing Cash to seller 

Sale History CFD 258568 dated 12/7/2006 from James L. and Lori K. Larson to Prairie 

Industries, LLC for $170,000, satisfied by WD 272188 dated 3/6/2012. This 

transfer did not include Auditor's Lot No. 1 which was the residential site 

(see FSA map). 

Verification Paul Reese, Grantor; (936) 346-2491,  Other sources: County records 

Sale Price $275,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; slopes 0 – 15% 

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Gravel 
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Land Sale No. 9 (Cont.) 

  

Access 26th St SE 

Productivity Index 47.4 

Adjusted Productivity Index 51.5,  less sloughs and waste 

Wind Farm Wind Farms adjacent to the NE 

Wind Turbines on Tract  One turbine and one met tower  

  

Land Size Information  

Gross Acres 105.75 Acres  

Tillable Acres 89.00 Acres ; 84.16% 

Slough and Waste  16.75 Acres; 5.84% 

  

Indicators  

Sale Price/Gross Acre $2,600 

Sale Price/Tillable Acre $3,090 

  

Remarks  

The sale was confirmed by Paul Reese, Grantor, who stated the Grantee rented and farmed the land prior to 

purchase. Mr. Reese said the sale price was not discounted due to the lease or the turbine – since he kept the 

wind royalties, but that both he and the grantee were satisfied with the price which reflected the rapidly 

increasing prices of ag land in 2012. The tract has about 16.75 acres in slough and waste as measured by 

FSA maps. The seller indicated no negative impact on the residence (his homestead) which was excluded 

from this sale. (12/12/15) 

  

The primary soils include Barnes-Sioux complex and Barnes-Buse-Langhei loams. The slopes range from 0-

15%.  The non-irrigated soil classifications are II, IV, VI, and VIII, with various susceptibility to erosion, 

stones, and water. The PI for this subject ranges from 9 to 75, with an overall weighted average of 47.4 for 

the entire tract. Of the total acreage 57.2% is Not Prime Farmland, 31.4% is Farmland of Statewide 

Importance, with the remaining 11.4% being Prime Farmland. The soils are a range of predominantly non-

hydric (53.9%), non-hydric (35.7%), and predominantly hydric (10.4%). 
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Land Sale No. 10 

 

 
 

Property Identification  

Record ID 5966 

Property Type Vacant Land 

Address 125th Avenue SE and 23rd Street SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-2530300 

Legal Description SW4 Section 25, T142N R57W, Barnes County, North Dakota. 

  

Sale Data  

Grantor Nora B. Sannes 

Grantee Jack T. Bruns and John T. Bruns 

Sale Date November 18, 2010  

Deed Book/Page CFD 269323; (W/D 269450 January 6, 2011 satisfied C/D) 

Property Rights Fee simple 

Conditions of Sale Assemblage 

Financing Contract for Deed: $5,000 down payment and the remaining $210,000 to be 

paid in 2 installments of $110,000 on or before November 18, 2010 and 

$100,000 to be paid on or before January 5, 2011.  

Sale History Records were searched for 3 years prior to this sale; no transfer was found. 

Verification John Bruns, Grantee; (701) 840-2330, November 23, 2015; Other sources: 

County records 

Sale Price $215,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Nearly level; slopes 0 – 6% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 23rd St SE 
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Land Sale No. 10 (Cont.) 

  

Productivity Index  64.7 

Adjusted Productivity Index 66.0, less sloughs and waste 

Wind Farm 1 mile southwest  

Wind Turbines on Tract  None  

  

  

Land Size Information  

Gross Acres 160.000 Acres; 19.41 acres have saline present  

Tillable Acres 136.96 Acres; 85.6%  

Sloughs, Waste  23.04 Acres; 14.4% 

  

Indicators  

Sale Price/ Acre $1,344 

Sale Price / Tillable Acre $1,570 

 

Remarks  

The sale was confirmed by John Bruns, Grantee, who stated this was a private sale with his former father-in-

law connecting him with the Grantor. The purchase was contract for deed for tax reasons and was satisfied 

via WD 269450 dated January 6, 2011. There are no wind turbines on the land, however, there are wind 

farms nearby. Mr. Bruns does not believe this had an impact on the purchase price. The land is 100% 

tillable. Mr. Bruns purchased the land to expand his farm business which is on the west side of 125th 

Avenue SE. Mr. Bruns has since deeded the land to his son via WD 277107 dated February 11, 2014, this 

transaction was exempt. The tract has many small potholes and sloughs. 

 

The primary soils include Hamerly-Tonka complex, Hamerly-Wyard loams, and Balaton-Wyard loams.  The 

slopes range from 0-6%. The non-irrigated soil classifications are II, IV, and V, with various susceptibility to 

erosion and water. The PI for this subject ranges from 25 to 77, with an overall weighted average of 64.7 for 

the entire tract. Of the total acreage 53.3% is Prime Farmland, 32.2% is Prime Farmland if Drained, with the 

remaining 14.5% being Not Prime Farmland. The soils are a range of predominantly non-hydric (53.3%), 

partially hydric (32.2%), and predominantly hydric (14.5%). 
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Land Sale No. 11 

 

 
 

Property Identification  

Record ID 5976 

Property Type Vacant Land 

Address 20th Street SE and 123rd Avenue SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-1030300; 13-0930320; 13-0940430 

Legal Description SW4 Section 10, less tracts; and Auditor's Lot 3 of the W2 and a tract 100 

rods x 60 rods in the SE4, Section 9, T142N R57W, Barnes County, North 

Dakota. Metes and bound on file in the office of the appraiser.  

 

Sale Data  

Grantor Mark C. Askerooth et al 

Grantee Casey J. and Debra L. Burchill 

Sale Date September 09, 2010  

Deed Book/Page WD 268586; Amended October 27, 2010; W/D 269226 

Property Rights Lease fee; Surface rights / fractional interest; mineral rights reserved 

Conditions of Sale Assemblage 

Financing Cash to seller 

Sale History TD 259801 dated 22 May 2007, Ethel A. Askerooth Living Trust to Mark 

C. Askerooth et al for the SW4, this transaction was exempt. 

Verification Deb Burchill, Grantee; (701) 845-0726, November 19, 2015; Other sources: 

County records 

Sale Price $250,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling hills; slopes 0 – 15% 

Utilities Assumed telephone and electricity available 
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Land Sale No. 11 (Cont.) 

  

Shape Irregular 

Roads Gravel 

Access 20th St SE 

Productivity Index 63.4 

Wind Farm Adjacent   

Wind Turbines on Tract  None; pad sites are owned by Grantor 

  

Land Size Information  

Gross Acres 196.270 Acres; 13.83 acres have saline present 

Tillable Acres 176.640 Acres, 90.00% 

Wetlands Land Size  19.620 Acres, 10.00% 

  

Indicators  

Sale Price/Gross Acre $1,274 

Sale Price/ Tillable Acre $1,415 

  

Remarks  

The sale was confirmed by Deb Burchill, Grantee, who stated they leased the land for $65.00/acre from the 

Grantor prior to purchase. She believes they paid market price and purchased the land to maintain their farm 

operation. The land is 90% tillable and 10% waste / wetland.  There were 3 wind turbines on the land at the 

time of the sale which the Grantor kept, making the sale quite confusing as it was one of the first in the State.  

Since attorneys were not familiar with wind royalties, the land under the turbines was omitted from the sale, 

resulting in very complicated legal descriptions for the sold tracts. (See W/D Doc. #’s 268462, 268463, 

268461, 268464). Mrs. Burchill believes the wind farm had no impact on the value of the land. A large 

substation is located in the SW corner of the SW4 Section 10. A farmstead that belongs to the grantor, is 

located just south-southwest of the turbines on the S2 of Section 9. The seller retained the farmstead. 

 

The primary soils include Barnes-Buse loams and Barnes-Buse-Langhei loams.  The slopes range from 0-

15%. The non-irrigated soil classifications are II, III, IV, V, and VI, with various susceptibility to erosion, 

water, and climate. The PI for this subject ranges from 25 to 75, with an overall weighted average of 63.4 for 

the entire tract. Of the total acreage, approximately 71.5% is Prime Farmland, 17.3% is Not Prime Farmland, 

10.7% is Farmland of Statewide Importance, 0.5% is Prime Farmland if Drained.  The soils are a range of 

predominantly non-hydric (84.0%), predominantly hydric (7.8%), non-hydric (7.6%), and partially hydric 

(0.6%). 13.83 acres have saline present.  Saline affects plant growth and prices.  
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Land Sale No. 12 

 

 
 

Property Identification  

Record ID 5964 

Property Type Vacant Land 

Address 123rd Avenue SE and 23rd Street SE, Barnes County, North Dakota 

Location Grand Prairie Township 

Tax ID 13-3310100 

Legal Description NE4 Section 33, T142N R57W, Barnes County, North Dakota. 

  

Sale Data  

Grantor Sandra Burchill 

Grantee Jason Sjostrom 

Sale Date March 30, 2010  

Deed Book/Page WD 267592 

Property Rights Fee simple 

Conditions of Sale Normal 

Financing Cash to seller 

Sale History Records were searched for 3 years prior to the sale; no transfer was found. 

Verification Jason Sjostrom, Grantee; (701) 367-4548, November 23, 2015; Other sources: 

County records 

Sale Price /Land Only $170,200  land only  

Premium for Air Rights $  47,300  air rights at $300 per acre 

Sale Price inc Air Rights $217,500   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; slopes 1 – 9% 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access 123rd Ave SE 

Productivity Index  66.8 
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Land Sale No. 12 (Cont.) 

  

Land Size Information  

Gross Acres 157.490 Acres  

Tillable Acres 149.490 Acres, 94.92% 

Sloughs Land Size  8.000 Acres, 5.08% 

  

Indicators  

Sale Price/Gross Acre $1,381 

Sale Price/ Acre $1,455 

 

Remarks  

The sale was confirmed by Jason Sjostrom, Grantee. He purchased the land from the Grantor as an 

investment, and now rents it back to her nephew. Of the total, 149.49 acres are tillable; 8 acres are waste or 

slough. There was 1 wind turbine on the land at the time of the sale. Mr. Sjostrom said he paid $300.00+ 

more per acre for the land to secure the royalty rights, or $47,300 for the royalty rights of the single turbine. 

This is comparable to Sale 16 in which the buyer paid $50,000 per turbine for the royalty rights. That sale 

took place in December 2012 or roughly 2.5 years later, which would explain the increase. 

 

The primary soils include Barnes-Buse loams, Hamerly-Tonka complex, and Barnes-Svea loams. The slopes 

range from 0-9%. The non-irrigated soil classifications are II, IV, and V, with various susceptibility to 

erosion and water. The PI for this subject ranges from 25 to 75, with an overall weighted average of 66.8 for 

the entire tract. Of the total acreage 75.3% is Prime Farmland, 18.1% is Prime Farmland if Drained, with the 

remaining 6.6% being Not Prime Farmland.  The soils are a range of predominantly non-hydric (77.9%), 

partially hydric (18.1%), and predominantly hydric (4.0%). 
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STEELE COUNTY, NORTH DAKOTA  
 

The surveyed area is located north of Luverne, North Dakota, adjacent to and east of Lake Ashtabula or the 

upper reserve of the Baldhill Dam. The area is primarily rural in nature, with farmsteads located at one to two 

mile increments, and Lake Ashtabula lying about ½ to three miles west. Barnes County lies to the south.  The 

topography is comprised of rolling hills with some steep ravines. The area is generally treeless, with the 

exception of sporadic mature tree claims or wooded swales. The soils are glacial till, and range from level to 

undulating with drainage varying from poor to well drained. Agricultural uses include crop and hay production 

as well as pasture for livestock.   

 

Overall, the wind farms suggest little physical impact to the land other than the area used for turbine placement 

and access. Typically, the access roads appeared to use a minimal amount of land to access the turbines.  

 

Sales were not as plentiful as Barnes County. Only two sales (1 and 3), which represent a sale and partial 

resale of the same tract, were improved with wind turbines. Sales 2 and 4 were not. All of the data are situated 

adjacent to or near wind farms.    

 

No   Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 NE4; Lots 1&2 20 144 57 Steele 2/26/2013 668,043$    262.27 66.8 2,547$    two yes no no

2 A,B,C SW4 1 144 58 Griggs 12/31/2012  $   205,000 108.21 66.7 1,894$    none yes no no

3 Parts NE, S2   
N2

20   
29

144 57 Steele 12/23/2012  $1,737,563 662.23 69.0 2,624$    three yes no yes

4 W2, NE4, less 
tracts

3 144 57 Steele 12/12/2012  $1,239,000 413.00 68.7 3,000$    none yes no yes

 
 

The sales were then grouped according to their productivity index as follows. 

 

No   Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid Comments 

3 Parts NE, S2   
N2

20   
29

144 57 Steele 12/23/2012  $1,737,563 662.23 69.0 2,624$    three yes no yes

Wind royalties were retained 

by previous grantor; 27.97% 

waste

4
W2, NE4, less 

tracts 3 144 57 Steele 12/12/2012  $1,239,000 413.00 68.7 3,000$    none yes no yes
Premium paid for land due to 

increasing prices

1 NE4; Lots 1&2 20 144 57 Steele 2/26/2013 668,043$    262.27 66.8 2,547$    two yes no no

Wind royalties were retained 

by previous grantor. Partial 

resale of part of Sale 4; 33.8% 

waste 

2 A,B,C SW4 1 144 58 Griggs 12/31/2012  $   205,000 108.21 66.7 1,894$    none yes no no

Parcel consists of three 

individual tracts; diminution 

in functional utility noted  
  

Again, these sales occurred during the rapidly increasing market of 2012. The data notes the rapidly increasing 

agricultural prices from 2011 to 2013 due to high commodity prices and to the construction of an ethanol plant 

at Casselton, North Dakota, which was driving up the price of corn. Sale 1 is a part of Sale 3. The buyer of 

Sale 3 indicated that neither the turbines nor the lack of wind royalties made a difference in the price he paid.  

The land was purchased for agricultural and recreational uses. The difference in sale prices between the two 

tracts (1 and 3) is due to the amount of waste, which becomes readily apparent when the Sales are compared to 

Sale 4 which is entirely tillable. The buyer of Sale 4 stated he paid a premium for the tract because he wanted it 

to expand his farming operation. Finally, Sale 2 suffers from functional inutility as it is comprised of three 

tracts of irregularly shaped land located in the same section. The variances within each data set are attributable 

to differences in physical condition. None of the Sales evidence market resistance.  
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Land Sale No. 1 

 

 

 
 

Property Identification  

Record ID 5999 

Property Type Vacant Land 

Address 9th Street SE; east of County Hwy 25, Steele County, North Dakota 

Location Willow Lake Township 

Tax ID 20-0000-04280-000; 20-0000-04282-000 

Legal Description NE4; Lots 1–4, Section 20, T144N R57W, Steele County, North Dakota 

  

Sale Data  

Grantor Trevor L. Jacobson et al 

Grantee Darwin L. and Denora M. Haugaard 

Sale Date February 26, 2013  

Deed Book/Page WD 102716  

Property Rights Surface rights / fractional interest, less wind royalties  

Conditions of Sale Normal  

Financing Cash to seller 

Sale History WD 102715 dated 2/21/2013, from Gregg W. Christensen et al to Trevor L. 

Jacobson et al, for this land and other land see DC 5998. 

Verification Trevor Jacobson, Grantor; (701) 371-9233, 12/1/2015; Judy Brosz, Office of 

the State Tax Commissioner, (701) 328-3142,  County records 

Sale Price $668,043   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; 0 to 15% slopes  

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Paved and gravel 

Access 9th St SE and part landlocked 
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Land Sale No. 1 (Cont.) 

 

Productivity Index 66.8 

Adjusted Productivity Index 71.7 less sloughs and waste 

Wind Farm Adjacent to the northwest and northeast 

Wind Turbines on Tract Two 

  

Land Size Information  

Gross Acres  262.27 Acres 

Tillable Acres  173.71 Acres, 66.23% 

Sloughs and Waste 88.56 Acres. 33.77% 

  

Indicators  

Sale Price/Gross Acre $2,547 

Sale Price/Tillable Acre $3,846 

 

 

Remarks  

The sale was confirmed by Trevor Jacobson, Grantor, who stated he sold the land privately and believes he 

got a market rate.  Mr. Jacobson did not think the wind turbines impacted the price but he does not own the 

royalty rights to the turbines and therefore could not sell the rights with the land. The land is vacant with a 

large tree grove; the sale does not include Willow Lake. The NE4 is mostly tillable whereas there is little land 

in the SE4 as it is mostly lake. 

 

The primary soils include Barnes-Svea loams, Barnes-Buse loams, and Hamerly-Tonka complex.  The slopes 

range from 0-15%. The non-irrigated soil classifications are II, IV, V, and VI, with various susceptibility to 

erosion, water, and climate. The PI for this subject ranges from 2 to 85, with an overall weighted average of 

66.8 for the entire tract. Of the total average acreage 62.2% is Prime Farmland, 21.4% is Prime Farmland if 

Drained, with the remaining 16.4% being Not Prime Farmland.  The soils are a range of predominantly non-

hydric (76.7%), partially hydric (20.1%), and predominantly hydric (3.2%). 
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Land Sale No. 2 

 

 

   
 

Property Identification  

Record ID 6000 

Property Type Agricultural 

Address 7th Street SE, Prairie Road, Griggs County, North Dakota 

Location Broadview Township 

Legal Description Tracts A, B and C in SW4 Section 1, T144N R58W, Griggs County, North 

Dakota 

  

Sale Data  

Grantor James and JoAnne Wold Trust 

Grantee George Berger 

Sale Date December 31, 2012  

Deed Book/Page CFD 102864; amended 2/15/2013 Doc #102958 

Property Rights Fee Simple to pass when warranty deed is issued 

Conditions of Sale Assemblage 

Financing Cash to Seller 

Verification George Berger, Grantee; (701) 490-1222, December 04, 2015 

Sale Price $205,000   

  

Land Data  

Topography Undulating, 3 to 15% slopes  

Utilities Assumed water and electricity 

Shape Irregular 

Access 7th Street SE 

Productivity Index  66.7 

Wind Farm To the S-SE, N-NE and ½ mile east  

Turbines on Tract  None  
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Land Sale No. 2 (Cont.) 

  

Land Size Information  

Gross Land Size 108.21 Acres 

  

Indicators  

Sale Price/Gross Acre $1,894 

 

 

Remarks  

The grantee and the grantor were neighbors. The grantee believes he paid a market price for the vacant 

subject. The property was an assemblage to the grantee's land. The tract includes 8 acres of native prairie 

grass. The grantee believes there was no impact on the price due to wind towers being located adjacent to the 

tract.  

 

The primary soils include Barnes-Svea loams, and Barnes-Buse loams.  The slopes range from 0-15%.  The 

non-irrigated soil classifications are II, IV, and VI, with various susceptibility to erosion.  The PI for this 

subject ranges from 46 to 75, with an overall weighted average of 66.7 for the entire tract.  Of the total 

acreage 16.6% is Not Prime Farmland, 6.8% is Farmland of Statewide Importance, and 76.6% is Prime 

Farmland.  The soils are 100% predominantly non-hydric. 
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Land Sale No. 3 

 

 

 

Property Identification  

Record ID 5998 

Property Type Vacant Land 

Property Name 3 wind turbines 

Address County Hwy 25 and 9th Street SE, North Dakota 

Location Willow Lake Township 

Tax ID Various parcel numbers 

Legal Description Lots 1 – 8; NE4 Section 20; N2 Section 29; T144N R57W, Less 4.03 acres 

for homestead.  See WD for metes and bounds. 

  

Sale Data  

Grantor Gregg W. Christensen et al 

Grantee Trevor L. Jacobson et al 

Sale Date December 23, 2012  

Deed Book/Page C/D 102571; satisfied W/D Doc #102715 / 2/21/2013 

Property Rights Leased fee; fractional interest, less mineral rights and wind royalties 

Conditions of Sale Assemblage  

Financing Cash to seller  

Sale History Records were searched for a 3 year period; no transfer was found.  

Verification Trevor Jacobson, Grantee; (701) 371-9233, December 01, 2015;  Other 

sources: County records 

Sale Price $1,737,563   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling hills, 0 to 15% slopes 

Utilities Assumed telephone and electricity available 

Shape Irregular 
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Land Sale No. 3 (Cont.) 

  

Roads Paved and gravel 

Access County Hwy 25 and 9th St SE 

Productivity Index  

Tree Farm 

Turbines on Tract  

69 

Adjacent, NE and NW 

Three  

  

Land Size Information  

Gross Land Size 662.230 Acres  

Tillable Land Size 477.000 Acres, 72.03% 

Unusable Land Size  185.330 Acres, 27.99% 

  

Indicators  

Sale Price/Gross Acre $2,624 

Sale Price/ Acre $3,643 

 

Remarks  

The sale was confirmed by Trevor Jacobson, Grantee, who stated he was approached by the Grantor to 

purchase the land.  The price was negotiated and Mr. Jacobson felt the price was market. Although the 

Grantor retained the royalty rights to the three turbines located on the tract, Mr. Jacobsen stated that neither 

the turbines nor the lack of royalty rights influenced the price paid. Mr. Jacobson He had been leasing it for 

$57.00 per acres prior to sale, and purchased it to maintain his farm operation as well as to have some 

private hunting ground. Willow Lake acts as a safe haven for water and ground fowl. The primary soils 

include Barnes-Svea loams and Barnes-Buse loams.  The slopes range from 0-15%. The County does not 

include the lake area as taxable area as the State of North Dakota maintains control over lakes.  

 

The non-irrigated soil classifications are II, IV, V, and VI, with various susceptibility to erosion, water, and 

climate. The PI for this subject ranges from 2 to 85, with an overall weighted average of 69 for the entire 

tract. Of the total acreage 72.4% is Prime Farmland, 14.5% is Not Prime Farmland, with the remaining 

13.1% being Farmland of Statewide Importance. The soils are a range of predominantly non-hydric (82.9%), 

partially hydric (13.1%), and predominantly hydric (4.0%). 
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Land Sale No. 4 

  

 

 

 

Property Identification  

Record ID 6003 

Property Type Vacant Land 

Address County Hwy 5 and 124th Avenue SE 

Location Willow Lake 

Tax ID 020-0000-04212-010 & 20-0000-04210-000 

Legal Description W2 less tract, and the NE4 Section 3, T144N R57W, Steele County, North 

Dakota. See WD for full legal description. 

Sale Data  

Grantor Randy C. and Mary Jensen 

Grantee David A. and Valerie Johnson 

Sale Date December 12, 2012  

Deed Book/Page WD 102505 

Property Rights Fee Simple 

Conditions of Sale Assemblage 

Financing Cash to Seller 

Sale History Numerous Warranty Deeds in the 1990s transferring ownership to Randy 

and Mary Jensen. 

Verification Dave Johnson, Grantee; (701) 945-2881, 12/4/2015; Judy Brosz, Office of 

the State Tax Commissioner, (701) 328-3142,  County records 

Sale Price 

 

$1,239,000   

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating;  slopes 0 – 9%  
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Land Sale No. 4 (Cont.) 

 

Shape 

Utilities 

Irregular 

Electricity and Phone 

Roads Gravel 

Access County Hwy 5 

Productivity Index 

Wind Farm 

Turbines on Tract  

68.7 

Adjacent  

None  

  

Land Size Information  

Gross Land Size 413.000 Acres 

  

Indicators  

Sale Price/Gross Acre $3,000 

 

 

Remarks  

The sale was confirmed by Dave Johnson, Grantee, who stated he was the Grantor's neighbor for the last 50 

years, and that the grantor knew he wanted to buy the land.  Mr. Johnson believes the price was high, but he 

purchased the tract to expand his farm operation. The land was 100% tillable. Mr. Johnson stated he had no 

comment regarding the impact of the wind turbine. 

 

The primary soils include Barnes-Svea loams and Hamerly-Wyard loams.  The slopes range from 0-9%.  The 

non-irrigated soil classifications are II and IV, with various susceptibility to erosion and water.  The PI for 

this subject ranges from 31 to 77, with an overall weighted average of 68.7 for the entire tract.  Of the total 

acreage 71.1% is Prime Farmland, 19% is Not Prime Farmland, with the remaining 9.9% being Prime 

Farmland if Drained. The soils are a range of predominantly non-hydric (84.7%), partially hydric (9.9%), and 

predominantly hydric (5.4%). 

 

Exhibit A1-K

 
007733

ADMINISTRATIVE RECORD - Scan 9 - Page 138 of 299

- Page 2907 -



 

RM Hoefs & Associates, Inc. 89 

 

 

·3-144N-11W 
lteefeCOUm, ..... 

Exhibit A1-K

 
007734

ADMINISTRATIVE RECORD - Scan 9 - Page 139 of 299

- Page 2908 -



 

RM Hoefs & Associates, Inc. 90 

 

 
 

Exhibit A1-K

 
007735

ADMINISTRATIVE RECORD - Scan 9 - Page 140 of 299

- Page 2909 -



 

RM Hoefs & Associates, Inc. 91 

 
 

 

 

 

Exhibit A1-K

 
007736

ADMINISTRATIVE RECORD - Scan 9 - Page 141 of 299

- Page 2910 -



 

RM Hoefs & Associates, Inc. 92 

CAVALIER COUNTY, NORTH DAKOTA  

 

The surveyed area is located in Cavalier County, about 6 miles south of Langdon. Langdon is situated 

approximately 68 miles northwest of I-29 at Drayton and 15 miles south of the Canadian border. The area is 

primarily rural in nature, with farmsteads interspersed at one to two mile increments. The topography is gently 

rolling to undulating, being a part of the drift plain deposited by glaciers. Drainage is typically poor and is the 

major concern of most farming operations. The Pembina River flows through the County, east of the Pembina 

Gorge, which marks the end of the drift plain. Tributaries of the Pembina River flow through the study area. 

The majority of the County sits on the Pierre Aquifer, which is slightly saline; the water is generally not 

suitable for irrigation purposes. The soils are used for crop and hay production as well as pasture for livestock.   

 

Overall, the wind farms suggest little physical impact to the land other than the area used for turbine placement 

and access. Typically, the access roads appeared to use a minimal amount of land to access the turbines.  

 

Again, sales were not plentiful as most farming operations are retained within families for generations. Only 

two sales were found. Sale 1, consisting of two separate tracts located one mile apart, was improved with a 

single turbine. Sale 2 located ¼ mile north of Sale 1 of Sections 25 and 26 T160N R60W is not improved.   

 

No     Legal Description Date

Sale 

Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

U

s

e

a

b

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 Parts 25, 
26

34 160 60 Cavalier 7/28/2010 356,000$ 320.00 68.2 1,113$   one yes no no

2 NE 26 160 60 Cavalier 7/28/2010 144,000$ 160.00 67.5 900$      none yes no no
 

 

When arranged by the productivity index, the results are as follows:  

 

No     Legal Description Date

Sale 

Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

U

s

e

a

b

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 Parts 25, 
26

34 160 60 Cavalier 7/28/2010 356,000$ 320.00 68.2 1,113$   one yes no no

2 NE 26 160 60 Cavalier 7/28/2010 144,000$ 160.00 67.5 900$      none yes no no
 

 

The sales closed in 2010, prior to the increasing markets of 2011 – 2013. Both sales were from relative to 

relative; however, Sale 1 was purchased at auction against five other bidders. Sale 2 was purchased privately. 

Once Sale 2 is adjusted for the acreage in CRP, which is marginal land at best, the sale prices are comparable. 

The variances within the data set are attributable to differences in physical condition. Neither sale evidenced 

market resistance.  
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Land Sale No. 1 

 

 
 

Property Identification  

Record ID 5993 

Property Type Vacant Land 

Property Name 1 wind turbine 

Address County Highways 1 and 66, Cavalier County, North Dakota 

Location Perry Township 

Tax ID 33176000; 33142000; 33135000 

Legal Description S2SW4 Section 25; S2SE4 Section 26; NW4 Section 34; T160N R60W 

Cavalier County, North Dakota. 

  

Sale Data  

Grantor William Gellner et al 

Grantee Kenneth and Dianne Stremick 

Sale Date July 28, 2010  

Deed Book/Page SWD 232584  

Property Rights Leased fee; Fractional interest; reservation of wind royalties 

Conditions of Sale Assemblage  

Financing Cash to seller 

Sale History Records were searched for 3 years prior; no transfer was found.  

Verification Bill Gellner, Grantor; (701) 281-2180, 11/23/2015; Judy Brosz, Office of 

the State Tax Commissioner , (701) 328-3142, County records 

Sale Price $356,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; 0 to 65 slopes  

Utilities Assumed telephone and electricity available 

Shape Square and rectangular 

Roads Paved and gravel 
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Land Sale No. 1 (Cont.) 

  

Access 107th Ave NE and prairie trail 

Productivity Index 68.2 

Wind Farm Adjacent  

Wind Turbine on Tract  One  

  

Land Size Information  

Gross Acres 320.000 Acres 

Tillable Acres 272.000 Acres, 85.00% 

Wetlands Acres  48.000 Acres, 15.00% 

  

Indicators  

Sale Price/Gross Acre $1,113 

Sale Price / Tillable Acre  $1,309 

 

Remarks  

The sale was confirmed by Bill Gellner, Grantor.  The tract was sold through a local attorney office with a 

number of interested parties interested placing bids.  Mr. Gellner is an uncle to the Grantee but this did not 

impact the price and Mr. Gellner believes he got market rate.  The land is vacant with 85% tillable and 15% 

waste and sloughs. The Grantee leased 160 acres of the land prior to the sale at $42/acre. A wind turbine is 

located on the tract in Section 25.  Per the deed, Mr. Gellner kept the royalty rights. He also stated that the 

adjacent turbines did not impact the sale price as wind farms are individual operations.  

 

The primary soils include Hamerly-Tonka complex, Svea-Buse loams, and Barnes-Svea loams. The slopes 

range from 0-9%. The non-irrigated soil classifications are II, III, IV, and VIII, with various susceptibility to 

erosion, stones, water, and climate.  The PI for this subject ranges from 9 to 85, with an overall weighted 

average of 68.2 for the entire tract.  Of the total acreage approximately 46.7% is Prime Farmland, 46% is 

Farmland of Statewide Importance, 37.1% is Prime Farmland if Drained, with the remaining 11.6% being 

Not Prime Farmland. The soils are a range of predominantly non-hydric (51%), partially hydric (40.8), non-

hydric (4.3%), and predominantly hydric (3.9%). 
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Land Sale No. 2 

 

 
 

Property Identification  

Record ID 5994 

Property Type Vacant Land 

Address 86th Street NE and 107th Avenue NE , Cavalier County, North Dakota 

Location Perry Township 

Tax ID 33138000 

Legal Description NE4 Section 26, T160N R60, Cavalier County, North Dakota. 

  

Sale Data  

Grantor William Gellner et al 

Grantee Corey Stremick 

Sale Date July 28, 2010  

Deed Book/Page WD 232583 

Property Rights Fee simple 

Conditions of Sale Assemblage 

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.  

Verification Corey Stremick, Grantee; (701) 256-5271, 11/30/2015; Judy Brosz, Office 

of the State Tax Commissioner, (701) 328-3142, County records 

Sale Price $144,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Nearly level 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Paved and gravel 

Access 86th St NE 

Productivity Index 67.5 
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Land Sale No. 2 (Cont.) 

  

Wind Farm Adjacent  

Wind Turbine on Tract  None  

  

Land Size Information  

Gross Acres  160.000 Acres 

Tillable Acres  110.88 Acres, 81.80% 

Waste / Slough  29.12 Acres, 18.20% 

CRP Acres 14.15 Acres 

  

Indicators  

Sale Price/Gross Acre $900 

Sale Price / Tillable Acre  $1,205 

Sale Price CRP Acre  $736 

 

Remarks  

The sale was confirmed by Corey Stremick, Grantee, who stated he was approached by the Grantor to 

purchase the land. Mr. Stremick had been leasing the land for $50/acre and purchased it to maintain his farm 

operation. The Grantee and Grantor are distant relatives and wanted the land to stay in the family. The vacant 

land has 110 tillable acres, and 14.5 acres in CRP with 10 years left on the contract. The CRP payment is 

$40/acre/year; at 90% net operating income and a 5% capitalization rate, the indicated value of the 14.15 

acres is approximately $736 per acre, which capitalized. Mr. Stremick stated the nearby wind farm did not 

impact the sale price.   

 

The primary soils include Svea-Cresbard loams, Barnes-Svea loams, and Hamerly-Tonka complex. The 

slopes range from 0-6%. The non-irrigated soil classifications are II, IV, and VIII, with various susceptibility 

to erosion, water, and climate. The PI for this subject ranges from 9 to 85, with an overall weighted average 

of 67.5 for the entire tract. Of the total acreage 33.9% is Farmland of Statewide Importance, 33.3% is Prime 

Farmland, 18.1% is Not Prime Farmland, with the remaining 14.7% being Prime Farmland if Drained. The 

soils are a range of predominantly non-hydric (67.2%), partially hydric (25.8%), and predominantly hydric 

(7.0%). 
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DICKEY AND LAMOURE COUNTIES, NORTH DAKOTA  

 

The surveyed area is located along the southwest border of LaMoure County and northwest corner of Dickey 

County, about 2.5 miles east of Kulm, 10 miles southwest of Edgeley, and 20 miles north of the South Dakota 

border. These counties are part of the Drift Plain (glaciated) with the surveyed area lying in the Coteau du 

Missouri. The area is rural with community size typically less 1,000 people. Farmsteads are located two to 

three miles apart. The topography is gently rolling to undulating then sharply increasing to rolling hills made 

up of glacial moraine. Gravel and sand deposits are present. The James, Elm and Maple Rivers cut through 

the area. Drainage is typically poor and is the major concern of most farming operations. Sloughs and 

potholes are present. The three major aquifers are the Spiritwood, which lies concurrent to the James River, 

Nortonville and Ellendale. They range in depth from about 10 to 300 feet below the surface. The water is 

sufficient for domestic use and is also used for irrigation. The soils are suitable for crop and hay production as 

well as pasture and rangeland. Livestock are raised primarily in the western portions of the counties.    

 

Overall, the wind farms suggest little physical impact to the land other than the area used for turbine placement 

and access. Typically, the access roads appeared to use a minimal amount of land to access the turbines. 

 

Five sales were found with one improved with turbines. The lack of data is attributable to the retention of land 

within families for generations. The four unimproved sales are located adjacent to one another about 1.0 to 

1.5 miles east of the improved sale. As noted, the royalty rights went with the improved sale. The unimproved 

sales are located in Dickey County; the improved sale is located in LaMoure County. 

 

No Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 part SE4 3 132 65 Dickey 6/27/2013 105,000$    150.00 35.2 700$    none yes no no

Lots 1-6 6 132 65 Dickey three &

S2 32 133 65 LaMoure met tower

3 SW4 10 132 65 Dickey 10/24/2011  $   240,000 160.00 70.7 1,500$  none yes no no

4 NW less 
tract

10 132 65 Dickey 10/24/2011  $   220,500 146.60 71.1 1,504$  none yes no yes

5 SE, less 
ROW

9 132 65 Dickey 10/24/2011  $   140,000 146.76 68.4 954$    none yes no yes

no no1,861$  1,000,000$ 537.21 72.15/31/20122 yes 

 
 

The sales were then grouped according to their productivity index as follows. 

 

No Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid Comments 

2 Lots 1-6 
S2

6  
32

132  
133

65 Dickey 
LaMoure 

5/31/2012 1,000,000$ 537.21 72.1 1,861$  
three & 

met tower
yes no no

Royalty Rights went with 

sale Note 16 month time 

difference in sales

4 NW less 
tract

10 132 65 Dickey 10/24/2011  $   220,500 146.60 71.1 1,504$  none yes no yes
Road Frontage; tillable and 

pasture

3 SW4 10 132 65 Dickey 10/24/2011  $   240,000 160.00 70.7 1,500$  none yes no no
Land locked ; tillable and 

waste

5
SE, less 

ROW
9 132 65 Dickey 10/24/2011  $   140,000 146.76 68.4 954$    none yes no yes

Land locked; tillable and 

pasture 

1 part SE4 3 132 65 Dickey 6/27/2013 105,000$    150.00 35.2 700$    none yes no no Road frontage; all pasture  
 

Sales 1, 3, and 5 were purchased by members of the same family of large land owners in the area. These 

multiple sales establish what buyers are willing to pay for assemblage of land with and without access. Mrs. 

Giesler stated that she can see the wind farm from her house, but that view does not create a negative impact. 

Both Sales 3 and 4 are assemblages to current farm/ranch operations. Although Sale 3 was tilled prior to 

purchase, it is now used to pasture buffalo.  
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With the exception of Sale 1, which had a PI of 35.2, the remaining sales demonstrated a very consistent 

range from 68.4 to 72.1. Once the sales are adjusted for use and landlocked status, the sales demonstrate no 

diminution in value.   
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Land Sale No. 1 

 

 

 
 

Property Identification  

Record ID 5986 

Property Type Vacant Land 

Address 79th Street SE and 76th Avenue, Dickey County, North Dakota 

Location Young Township 

Tax ID 07450000 

Legal Description SE Section 3, less SESESE; T132N R65W, Dickey County, North Dakota 

  

Sale Data  

Grantor Judith E. Morgan 

Grantee Eric and Carol Giesler 

Sale Date June 27, 2012  

Deed Book/Page WD 180971 

Property Rights Leased Fee 

Conditions of Sale Assemblage  

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.  

Verification Judy Morgan, Grantor; (701) 452-2395, 12/2/2015; County records 

Sale Price $105,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to steep hills; 0 to 25% steep slopes 

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Gravel 

Access 79th St SE 

Productivity Index  35.2 

Wind Farm 2.5 miles west, northwest  

Turbines on Tract  None  
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Land Sale No. 1 (Cont.) 

  

Land Size Information  

Gross Land Size 150.00 Acres  

  

Indicators  

Sale Price/Gross Acre $700 

 

Remarks  

The sale was confirmed by Judy Morgan who is a neighbor to the Grantee and was approached to purchase 

the land. The Grantee farms and ranches with his father who owns substantial adjacent land.  They had been 

trying to purchase this tract for some time. Other parties had been interested but since Giesler’s had been 

renting it, she decided to sell to them as they are her neighbors. The wind farms located near the subject had 

no impact on the price which Ms. Morgan believes was market. The sale is fenced pasture as is the majority 

of surrounding land. Ms. Morgan stated she had partially removed some of the gravel prior to sale.  

 

The primary soils are Renshaw-Sioux complex. The slopes range from 0-25%. The non-irrigated soil 

classifications are II, IV, V, VI, and VIII, with various susceptibility to erosion, stones, and water.  The PI 

for this subject ranges from 9 to 75, with an overall weighted average of 35.2 for the entire tract.  Of the total 

acreage 89.2% is Not Prime Farmland, with the remaining 10.8% being Prime Farmland.  The soils are a 

range of predominantly non-hydric (48.6, non-hydric (41.5%), predominantly hydric (5.3%), and partially 

hydric (4.6%). 
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Land Sale No. 2 

 

   
 

Property Identification  

Record ID 5991 

Property Type Vacant Land 

Property Name 3 wind turbines 

Address 74th Avenue SE and 78th Street SE , Dickey County, North Dakota 

Location Young Township and Pomona View Township 

Tax ID 25-3203000; 25-3204000; 07459000; 07460000; 07461000 

Legal Description Lots 1 - 6 Section 6, T132N R65W, Dickey County; S2 Section 32, T133N 

R65W, LaMoure County, North Dakota. 

  

Sale Data  

Grantor Ronald Brost 

Grantee Frederick and Linda Gackle 

Sale Date May 31, 2012  

Deed Book/Page CFD 168599; satisfied W/D 172303; 3/31/2015 

Property Rights Leased Fee;   

Conditions of Sale Assemblage. 

Financing A down payment of $60,000; balance at 4% interest per annum; three equal 
installments of $60,171.25; beginning June 1, 2013 and ending June 1, 2015. 
Balloon payment due June 1, 2016 of $904,323.25. 

Sale History WD; 7/21/1982 from Mathilda Brost to Ronald Brost, 1/3 interest, exempt   

Verification Jordan Gackle (701) 321-1041, Fred Gackle, (701) 647-2429, 11/20/2015; 

County records 

Sale Price $1,000,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating, 0 to 35% slopes 

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Paved and gravel 
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Land Sale No. 2 (Cont.) 

  

Access 74th Ave SE and 78th St SE 

Productivity Index  72.1 

Wind Farm Adjacent to the north 

Wind Turbines on Tract  Three plus one meteorological tower 

  

Land Size Information  

Gross Land Size 537.21 Acres  

Tillable Land Size 430.00 Acres, 80.04% 

Pasture 107.21 Acres, 19.96% 

  

Indicators  

Sale Price/Gross Acre $1,861 

Sale Price / Tillable Acre $2,151  

Sale Price/ Pasture Acre $700  

 

Remarks  

The sale was confirmed by Fred Gackle, Grantee, who leased the land on a 1/3 – 2/3 split for 30 years prior 

to purchase, and was approached by the grantor. The land was vacant except for an old farmstead with no 

contributory value. It was purchased to maintain the farm operation but also as a start-up for his 2 sons. At 

the time of the sale, Section 32 was improved with 3 wind turbines and 1 meteorological tower, which were 

built in 2003 and leased for 25 years. The Grantor retained the royalty rights until the contract for deed was 

paid in full, at which time the rights passed to the buyer. Mr. Gackle feels the lease has a positive effect on 

the value of the land. Jordan Gackle, confirmed that he and his brother then purchased the land from their 

father. He feels the monetary benefit of the turbines outweighs the cost of the land.  

 

The primary soils include Williams-Bowbells loams and Barnes-Svea loams. The slopes range from 0-9%. 

The non-irrigated soil classifications are II, IV, V, VII, and VIII, with susceptibility to erosion, water, and 

climate. The PI for this subject ranges from 5 to 86, with an overall weighted average of 72.1 for the entire 

tract. Of the total acreage 51.6% is Farmland of Statewide Importance, 31.5% is Prime Farmland, with the 

remaining 16.9% being Not Prime Farmland. The soils are a range of predominantly non-hydric (87.5%), 

predominantly hydric (6.4%), hydric (5.8%), and partially hydric (0.3%). 
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Topography Map 
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Land Sale No. 3 

 

 
 

Property Identification  

Record ID 5990 

Property Type Vacant Land 

Address 79th Street SE and 76th Avenue SE , Dickey County, North Dakota 

Location Young Township 

Tax ID 07477000 

Legal Description SW4 of Section 10, T132N R65W, Dickey County, North Dakota. 

  

Sale Data  

Grantor Melvin and Darlene Y. Herrmann 

Grantee Gary and Carrie Giesler 

Sale Date October 24, 2011  

Deed Book/Page WD 180164 

Property Rights Fee simple 

Conditions of Sale Assemblage 

Financing Cash to seller 

Sale History WD 173401; 11/14/2006 and WD 173745; 3/5/2007 from Betty 

Zimmerman to Melvin and Darlene Herrmann, exempt transactions. 

Verification Carrie Giesler, Grantee; (701) 647-2254, 12/1/2015; County records 

Sale Price $240,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating; 0 to 9% slopes  

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel 

Access Land locked 

Productivity Index  70.7 
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Land Sale No. 3 (Cont.) 

  

Wind Farm 2 miles west, northwest  

Turbines on Tract  None  

  

Land Size Information  

Gross Land Size 160.00 Acres   

Tillable Land Size 120.00 Acres, 75.00% 

Waste  40.00 Acres; 25% 

  

Indicators  

Sale Price/Gross Acre $1,500 

Sale Price/Tillable Acre $2,000 

 

Remarks  

The sale was confirmed by Carrie Giesler, Grantee, who stated they purchased the land by private auction, 

limited to 6 parties. She states they paid market for the tract. The purchase is an assemblage to their existing 

farming operation. Mrs. Giesler added that she can see the wind farm from her house but that it does not 

create a negative impact.  

 

The primary soils include Barnes-Svea loams and Barnes-Buse-Langhei loams. The slopes range from 0-9%. 

The non-irrigated soil classifications are II and IV, with various susceptibility to erosion and climate. The PI 

for this subject ranges from 56 to 85, with an overall weighted average of 70.7 for the entire tract.  Of the 

total acreage 57.8% is Prime Farmland, 22.8% Not Prime Farmland, with the remaining 19.4% being 

Farmland of Statewide Importance.  The soils are 100% predominantly non-hydric. 

 

 

 
 

The land was not accessible; the photograph is looking south toward the sale and adjacent sale. 
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Land Sale No. 4 

 

 

 
 

Property Identification  

Record ID 5988 

Property Type Vacant Land 

Address 79th Street SE and 76th Avenue SE , Dickey County, North Dakota 

Location Young Township 

Tax ID 07476000 

Legal Description NW4 Section 10, T132N R65W, Dickey County North Dakota, Less 630 x 

930 parcel containing 13.4 acres more or less.   

  

Sale Data  

Grantor Melvin and Darlene Y. Herrmann 

Grantee Dennis J. Schimke 

Sale Date October 24, 2011  

Deed Book/Page WD 180123 

Property Rights Fee simple  

Conditions of Sale Assemblage  

Financing Cash to seller 

Sale History WD 173401; 11/14/2006 from Betty Lou D. Zimmerman to Darlene Y. 

Herrmann and including N2SW4 Section 10.  Exempt transaction  

Verification Dennis Schimke; (701) 298-3625, 12/1/2015: County records 

Sale Price $220,500   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to rolling hills; 0 to 15% slopes  

Utilities Assumed telephone and electricity available 

Shape Irregular 

Roads Gravel 
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Land Sale No. 4 (Cont.) 

 

Access 79th St SE 

Productivity Index  71.1 

Wind Farm 2 miles northwest  

Turbines on Tract  None  

  

Land Size Information  

Gross Land Size 146.600 Acres 

  

Indicators  

Sale Price/Gross Acre $1,504 

  

Remarks  

The sale was confirmed by Dennis Schimke, Grantee, who stated he was invited by the Grantor's attorney to 

attend an auction with 5 other parties. Mr. Schimke believes he paid a market price and stated the wind 

farms 2+ miles away had no impact on the price. He purchased the land as assemblage to his ranch operation 

in Section 3, as he raises buffalo. This tract will be used for pasture.  

 

The primary soils include Svea Cresbard loams, Barnes-Svea loams, and Barnes-Buse-Langhei loams.  The 

slopes range from 0-15%. The non-irrigated soil classifications are II, IV, V, and VI, with various 

susceptibility to erosion, water, and climate. The PI for this subject ranges from 25 to 93, with an overall 

weighted average of 71.1 for the entire tract. Of the total acreage 39.4% is Prime Farmland, 31.3% is Not 

Prime Farmland, with the remaining 29.3% being Farmland of Statewide Importance. The soils are a range 

of predominantly non-hydric (97.9%) and predominantly hydric (2.1%). 
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Land Sale No. 5 

 

 
 

Property Identification  

Record ID 5987 

Property Type Vacant Land 

Address 79th Street SE and 76th Avenue SW, Dickey County, North Dakota 

Location Young Township 

Tax ID 07474000 

Legal Description SE4 Section 9 less ROW, T132N R65W, Dickey County, North Dakota 

 

Sale Data  

Grantor Betty L. Zimmerman Revocable Living Trust 

Grantee Gary and Carrie Giesler 

Sale Date October 24, 2011  

Deed Book/Page WD 180165 

Property Rights Fee simple 

Conditions of Sale Assemblage 

Financing Cash to seller 

Sale History WD 173400; 11/14/2006 from Darlene Y. Herrmann to Betty Lou D. 

Zimmerman, includes SW4 Section 10. Exempt transaction.  

Verification Carrie Giesler, Grantee; (701) 647-2254, 12/1/2015; County records 

Sale Price $140,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Gravel roads 

Access Land locked 
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Land Sale No. 5 (Cont.) 

  

Productivity Index 68.4 

Wind Farm 2.5 miles northwest  

Turbines on Tract  None  

  

Land Size Information  

Gross Acres  146.760 Acres   

Tillable Acres  88.056 Acres, 60.00% 

Pasture Acres  58.704 Acres, 40.00% 

  

Indicators  

Sale Price/Gross Acre $954 

Sale Price/ Tillable Acre  $1,123 

Sale Price / Pasture Acre  $700 

 

 

Remarks  

The sale was confirmed by Carrie Giesler, Grantee. The tract was purchased by private auction with five 

other parties attending. Giesler believes they paid less than market as the tract is land locked. Additionally, 

the tract is severed by railroad tracks. The land was purchased to expand the current farming operation. It is 

60% tillable (the acreage lying to the east of the railroad) and 40% pasture which lies west of the railroad 

tracks. Mrs. Giesler added that she can see the wind farm from her house but that it does not create a 

negative impact.  

 

The primary soils include Barnes-Svea loams and Barnes-Buse-Langhei loams.  The slopes range from 0-

9%.  The non-irrigated soil classifications are II and IV, with various susceptibility to erosion, water, and 

climate.  The PI for this subject ranges from 42 to 93, with an overall weighted average of 68.4 for the entire 

tract.  Of the total acreage 64.8% is Prime Farmland, 34.7% is Not Prime Farmland, with the remaining 

0.5% being Prime Farmland if Drained.  The soils are a range of predominantly non-hydric (99.5%) and 

predominantly hydric (0.5%). 

 

The land was not accessible; the photograph is looking south toward the sale and adjacent sale.  

 

 

Exhibit A1-K

 
007772

ADMINISTRATIVE RECORD - Scan 9 - Page 177 of 299

- Page 2946 -



 

RM Hoefs & Associates, Inc. 128 

 

 

~1....-W 
Dk:k-,Counly 
Net'lhDakola· ~+-

,I 

~11 

Exhibit A1-K

 
007773

ADMINISTRATIVE RECORD - Scan 9 - Page 178 of 299

- Page 2947 -



 

RM Hoefs & Associates, Inc. 129 

 
 

Exhibit A1-K

 
007774

ADMINISTRATIVE RECORD - Scan 9 - Page 179 of 299

- Page 2948 -



 

RM Hoefs & Associates, Inc. 130 

 
 

Topography Map 

9-U2N41W 

DICHYCOldf 
NodbDaota 

i:r 

·*· I 

1maD'ftJ 

Exhibit A1-K

 
007775

ADMINISTRATIVE RECORD - Scan 9 - Page 180 of 299

- Page 2949 -



 

RM Hoefs & Associates, Inc. 131 

BURLEIGH COUNTY, NORTH DAKOTA 

 

The surveyed area is located approximately 19 miles north of Bismarck, the State Capital and roughly 7 miles 

east of U. S. Highway 83. The area is rural, with farmsteads placed at ½ mile to one mile intervals. The 

topography is gently rolling to undulating then sharply increasing to rolling hills made up of glacial land 

formations with rocky soils and alluvial bottom lands. The county lies in the Missouri River Trench, Coteau 

Slope and Missouri Coteau. The county is drained by the Missouri River, Apple Creek and Burnt Creek. 

Drainage is typically collected in pot holes or sloughs. Erosion is the major concern of most farming 

operations. The soils are suitable for crop and hay production as well as pasture and rangeland. Livestock are 

raised throughout the county. 

 

Overall, the wind farms suggest little physical impact to the land other than the area used for turbine placement 

and access. Typically, the access roads appeared to use a minimal amount of land to access the turbines.   

 

Three sales were found; one improved with a turbine, noted as Sale 1; one without a turbine noted as Sale 2; 

and one of a farmstead, noted as Sale A. Again, the lack of data is attributable to the retention of land within 

families for generations. As noted, the royalty rights went with the improved sale.   

 

No.           Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid 

1 SW4 11 142 79 Burleigh 10/27/2013  $    170,000 160.00 60.6 1,063$   yes no no no

2 SW4SW4 8 142 78 Burleigh 8/30/2013 40,000.00$  40.00 71.20 1,000$   none yes no no

A NW4NE4 11 142 79 Burleigh 5/27/2014 289,900$     37.62 7,706$   none yes no yes
 

 

The sales were then grouped according to their productivity index as follows. 

 

No.           Legal Description Date Sale Price 

Deeded 

Acres PI

Sale 

Price/ 

Deeded 

Acre  

Turbines 

on Sale 

Tract 

Adjacent 

Wind 

Farm

Negative 

Influence 

Premium 

Paid Comments 

2 SW4SW4 8 142 78 Burleigh 8/30/2013 40,000.00$  40.00 71.20 1,000$   none yes no no 100% tillable land 

1 SW4 11 142 79 Burleigh 10/27/2013  $    170,000 160.00 60.60 1,063$   yes no no no Grantor retained the royalty rights

A NW4NE4 11 142 79 Burleigh 5/27/2014 289,900$     37.62 7,706$   none yes no yes
Improved at time of sale; no market  
resistance to adjacent wind farm  

 

Sales 1 and 2 closed in 2013 two months apart. Both were purchased as assemblages to existing farming 

operations. The differences are nominal. Neither sale evidenced market resistance. Sale A was improved with a 

mobile home, a barn and other out buildings at the time of sale. The buyer indicated he purchased the property 

as the site of his new home, which he intends to construct. The mobile home was sold off after purchase. He 

stated that the proximity of the wind turbines located nearby did not impact the price paid.  
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Land Sale No. A 

 

 

 
 

Property Identification  

Record ID 6015 

Property Type Vacant Land 

Address County Road 36 and 93rd Street NE , Burleigh County, North Dakota 

Location Ecklund Township 

Tax ID 10-142-79-00-11-220 

Legal Description NW4NE4 Section 11, T142N R79W, Burleigh County, North Dakota, less 

the N100' of said NW4NE4 as conveyed in Document No. 213880. 

  

Sale Data  

Grantor Dale Vollan 

Grantee Rudolph D. Anderson 

Sale Date May 27, 2014  

Deed Book/Page WD 806592 

Property Rights Surface rights / fractional interest 

Conditions of Sale Normal 

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.  

Verification Rudy Anderson, Grantee; (701) 220-4584, 12/15/2015 County records 

Sale Price $289,900   

  

Land Data  

Zoning AG, Agricultural 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Paved and gravel 

Access County Road 36 
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Land Sale No. A (Cont.) 

 

  

Land Size Information  

Gross Land Size 37.620 Acres  

Tillable Land Size 25.000 Acres, 66.45% 

Unusable Land Size  12.620 Acres, 33.55% 

  

Indicators  

Sale Price/Gross Acre $7,706 

 

Remarks  

The sale was confirmed by Rudy Anderson, Grantee, who stated that he bought this tract the day it went up 

for sale, offering the full list price of $289,900, which was accepted. He believes this may have been a 

premium price. The subject had been on the market a few years earlier for $300,000 but did not sell. The 

land consists of 25 tillable acres, a small slough and the farmstead which was improved with a double wide 

mobile home, barn and miscellaneous out buildings. Mr. Anderson stated the wind turbines located nearby 

did not impact the price he paid, and did not diminish the view. He sold off the mobile home for $40,000 and 

will be constructing a new stick built house on the property.  He valued the barn, which was in good 

condition at $70,000 and gave no value to the outbuildings. Burleigh County purchased the adjacent 

NE4NE4 to build a shop.  The Grantor retained ownership of the balance of the NE4.  
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Land Sale No. 1 

 

 

 
 

Property Identification  

Record ID 6013 

Property Type Vacant Land 

Property Name 1 wind turbine 

Address County Road 36 and 80th Street NE , Burleigh County, North Dakota 

Location Ecklund Township 

Tax ID 10-142-79-00-11-600 

Legal Description SW4 Section 11, T142N R79W, Burleigh County, North Dakota. 

  

Sale Data  

Grantor Phyllis Vollan et al 

Grantee Donald D. and Doreen Sorch 

Sale Date October 27, 2013  

Deed Book/Page WD 798067 

Property Rights Surface rights / fractional interest  

Conditions of Sale Leased fee 

Financing Cash to seller 

Sale History WD 666587 dated 29 December 2006 from James and Phillis Vollan to 

James Vollan et al, this transfer was exempt. 

Verification Renee Kunz, Grantor; (206) 948-8155, 12/14/2015; Judy Brosz, Office of 

the State Tax Commissioner, (701) 328-3142,  County records 

  

Sale Price $170,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to steep hills 
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Land Sale No. 1 (Cont.) 

 

Utilities Assumed telephone and electricity available 

Shape Square 

Roads Paved and gravel 

Access 80th St NE 

Productivity Index 60.6 

  

Land Size Information  

Gross Land Size 160.000 Acres   

Tillable Land Size 106.000 Acres, 66.25% 

Pasture Land Size  54.000 Acres, 33.75% 

  

Indicators  

Sale Price/Gross Acre $1,063 

 

Remarks  

The sale was confirmed by Renee Kunz, Grantor.  She stated that her family approached the grantee who 

had been leasing the land.  He purchased it as an assemblage to the current farming operation.  The land was 

approximately 2/3 cropland and 1/3 hay land / pasture. Ms. Kunz believed the sale price was market and that 

the wind turbine did not negatively impact the sale price.  The royalty rights were retained.  

 

The primary soils include Williams-Zahl-Zahill complex and Sen silt loam. The topography ranges from 

level to steep hills at 0-60%.  The non-irrigated soil classifications are II, IV, VI, and VIII, with various 

susceptibility to erosion, stones, and climate.  The PI for this subject ranges from 10 to 98, with an overall 

weighted average of 60.6 for the entire tract.  Of the total acreage 55.9% is Not Prime Farmland, 31.5% is 

Farmland of Statewide Importance, with the remaining 12.6% being Prime Farmland.  The soils are a range 

of predominantly non-hydric (58.3%) and non-hydric (41.7%).  

 

 
 

. 
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Land Sale No. 2 

 

 

 
 

Property Identification  

Record ID 6011 

Property Type Vacant Land 

Address 119th Street NE and 292nd Avenue NE, Burleigh County, North Dakota 

Location Ghylin Township 

Tax ID 11-142-78-00-08-600 

Legal Description SW4SW4 Section 8, T142N R78W, Burleigh County, North Dakota. 

  

Sale Data  

Grantor Maynard and Sharon Tosseth 

Grantee Steven and Kelly Bauer 

Sale Date August 30, 2013  

Deed Book/Page WD 794269 

Property Rights Surface rights / fractional interest  

Conditions of Sale Leased fee  

Financing Cash to seller 

Sale History Records were searched for a 3 year period; no transfer was found.  

Verification Maynard Tosseth, Grantor (701)734-6420, 12/14/2015;  County records 

Sale Price $40,000   

  

Land Data  

Zoning AG, Agricultural 

Topography Level to undulating 

Utilities Assumed telephone and electricity available 

Shape Square 
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Land Sale No. 2 (Cont.) 

 

Roads Paved and gravel 

Access 119th St NE 

Productivity Index 71.2 

  

Land Size Information  

Gross Land Size 40.000 Acres; 100% tillable   

  

Indicators  

Sale Price/Gross Acre $1,000 

 

Remarks  

The sale was confirmed by Maynard Tosseth, Grantor, who stated he was approached by the Grantee.  The 

Grantee had been leasing the land for $40/acre prior to purchase. Mr. Tosseth believes he got a market rate 

and the price was not impacted by the nearby wind farms.  The land was improved with an old building of 

no value. 

 

The primary soils include Williams-Bowbells loams and Williams-Zahl-Zahill complex. The topography 

range is undulating at 0-9%. The non-irrigated soil classifications are II and IV, with various susceptibility to 

erosion and climate. The PI for this subject ranges from 56 to 86, with an overall weighted average of 71.2 

for the entire tract. Of the total acreage 55.9% is Farmland of Statewide Importance, with the remaining 

44.1% being Not Prime Farmland. The soils are 100% predominantly non-hydric. 
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♦ ENGAGEMENT CONTRACT 
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♦ QUALIFICATIONS OF ROSE M. HOEFS 

 

AFFILIATION 

 The Appraisal Institute, Chicago, Illinois, 1986; Associate Member 

 The International Right of Way Association 

DUNS available on request 
 

MEMBER OF 

 Greater Minnesota Chapter of the Appraisal Institute 

 Greater North Dakota Chapter of the Appraisal Institute 

 Fargo-Moorhead Board of Realtors 
 

LICENSES AND DESIGNATIONS 

 North Dakota Certified General Appraiser, 1992; #1063 

 Minnesota Certified General Appraiser, 1992; #4002095 

 South Dakota Certified General Appraiser, 2014; #1333CG 

 North Dakota Real Estate Broker, 1976; lapsed 2005 

GRI (Graduate Realtors Institute) 1976; CRS (Certified Residential Specialist) 1977 
 

EDUCATIONAL INSTITUTIONS 

Dickinson Branch NDSU, Dickinson, North Dakota 

Moorhead State University, Moorhead, Minnesota 

North Dakota State University, Fargo, North Dakota 

University of Colorado, Boulder, Colorado 

University of Minnesota, Minneapolis, Minnesota 

University of St. Thomas, Minneapolis, Minnesota 
 

EDUCATION – APPRAISAL INSTITUTE COURSES 

Advanced Applications 

2000 University of St. Thomas, Minneapolis, Minnesota 
 

Advanced Sales Comparison and Cost Approaches 

2000 University of St. Thomas, Minneapolis, Minnesota 
 

Basic Valuation Procedures 

1989 University of Minnesota, Minneapolis, Minnesota 
 

Business Practices and Ethics 

 2013 Appraisal Institute  

 2009 Appraisal Institute  
 

Capitalization Theory and Technique, Parts A and B 

1989 University of Colorado, Boulder, Colorado 
 

Case Studies 

1992 University of St. Thomas, Minneapolis, Minnesota 

1991 Appraisal Institute, Houston, TX 
 

Commercial Cost Approach Training 

 2009 Appraisal Institute 
 

Condemnation Appraising / Advanced Topics and Applications 

1999 University of Colorado, Boulder, Colorado 
 
 

Exhibit A1-K

 
007799

ADMINISTRATIVE RECORD - Scan 9 - Page 204 of 299

- Page 2973 -



 

RM Hoefs & Associates, Inc. 155 

Condemnation Appraising / Basic Principles and Applications 
1999 University of Colorado, Boulder, Colorado 

 

Demonstration Report Writing 
1999 Appraisal Institute, Chicago, Illinois 
 

Eminent Domain and Condemnation 
 2006 Appraisal Institute 
 

FHA and the Appraisal Process 
 1999 Appraisal Institute, Bismarck, ND 
 

Introduction to Green Buildings: Principles & Concepts 
 2013 Appraisal Institute 
 

Real Estate Principles 
1988 University of Colorado, Boulder, Colorado 

 

Report Writing and Valuation 
1991 Houston Chapter, Appraisal Institute; Houston, Texas 

 

Residential Cost Approach Training 
 2009 Appraisal Institute 
 

Residential Market Analysis and Highest & Best Use 
 2011 Appraisal Institute 
 

Small Hotel/Motel Valuation 
 2006 Appraisal Institute 
 

Subdivision Valuation 
 2013 Appraisal Institute 
 

Supervising Appraisal Trainees 
 2013 Appraisal Institute 
 

Valuation of Detrimental Conditions in Real Estate 
 2006 Appraisal Institute 
 
Uniform Standards for Federal Land Acquisitions 

2014 Chamberlain, SD 
2007 St. Paul, Minnesota 
2002 Sheridan, Wyoming 

 

Uniform Standards of Professional Appraisal Practice, Parts A, B & C 
2013 North Dakota Chapter, Appraisal Institute; update 
2012 State of Minnesota, Department of Commerce; update 
2010 North Dakota Chapter, Appraisal Institute; update 
2008 North Dakota Chapter, Appraisal Institute; update 
2006 North Dakota Chapter, Appraisal Institute; update 
2005 North Dakota Chapter, Appraisal Institute; update 
1999 Houston Chapter, Appraisal Institute; Houston, Texas 
1994 University of Minnesota, Minneapolis, Minnesota 
1988 University of Minnesota, Minneapolis, Minnesota 
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EDUCATION – OTHER 

Enbridge Safety Course 2014; Grand Forks, North Dakota 

 

REAL ESTATE AND APPRAISAL EXPERIENCE 

 

1996-present RM Hoefs & Associates, Inc.; Fargo, North Dakota; Fee Appraiser 

1995-1998 Parsons Brinkerhoff; Herndon, Virginia; FEMA Inspector 

1990-1996 TW Sapa & Associates; Fargo, North Dakota; Fee Appraiser 

1989-1990 Fargo Planning Commission; Fargo, North Dakota; Board Member 

1984-1990 H.R. Arneson & Associates; Fargo, North Dakota; Fee Appraiser 

1983-1984 Bagan Real Estate; Jamestown, North Dakota; Broker – Owner 

1975-1981 Bagan Real Estate; Jamestown, North Dakota; Real Estate Sales 

1974-1975 Rueben Liechty & Company; Jamestown, North Dakota; Real Estate Sales 

 

Appraisal Experience includes over 5,600 self-contained, summary, or restricted appraisals of vacant land, 

mixed residential, commercial, industrial, and special purpose properties.  Primary focus is litigation and 

eminent domain issues. 

 

Purpose of the Appraisals includes purchase, sale, refinance, government acquisition, easements, 

contamination, insurance, litigation, and damaged properties.  Appraisal area includes all of North Dakota, 

Western Minnesota, and northeastern South Dakota. 

 

Court Experience:  Qualified expert witness; appraisal and reviewer; decision North Dakota Supreme 

Court/review/ {City of Grand Forks v. Hendon, No. 20050197}. 

 

PARTIAL LIST OF CLIENTS 

 

 Government 

   

  Bismarck Airport Authority, Bismarck, North Dakota 

  Cass County, North Dakota 

  City of Breckenridge, Minnesota 

  City of Detroit Lakes, Becker County, Minnesota 

  City of Dickinson, North Dakota 

  City of East Grand Forks, Minnesota 

  City of Fargo, North Dakota 

  City of Grand Forks, North Dakota 

  City of Moorhead, Minnesota 

  City of West Fargo, North Dakota 

  Clay County, Minnesota 

  Fargo Airport Authority, Fargo, North Dakota 

  Federal Aviation Administration (FAA) 

  Federal Housing Administration (FHA) 

  General Services Administration (GSA) 

  Grand Forks Airport Authority, Grand Forks, North Dakota 

  Homeland Security, North Dakota / Army Corps Engineers – Rock Island, Illinois 

  Mayville Airport Authority, Mayville, North Dakota 

  Minnesota Department of Transportation (MNDOT) 

  Mountrail County, North Dakota 

  North Dakota Department of Transportation (NDDOT) 

  North Dakota State Water Commission 

  U.S. Department of the Army / Corps of Engineers – St. Paul, Minnesota 

  Wahpeton Airport Authority, Wahpeton, North Dakota 
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Engineering Firms 

 

  Apex Engineering Group, Inc 

  Bartlett and West - AECOM Engineers, Inc 

  DOWL HKM, Inc. 

  HDR Engineering, Inc. 

  Houston Engineering, Inc 

  Interstate Engineering, Inc 

  Kadrmas, Lee, and Jackson 

  Moore Engineering, Inc 

  SRF Consulting, Inc 

  Tait & Associates, Inc. 

  Ultieg Engineers, Inc 

  

Corporations and Other Entities 

   

American Society for Environmental Education 

  AT&T 

  Burlington Northern and Santa Fe Railroad 

  Cargill, Inc 

  Cass County Electric 

  Coca Cola 

  Concordia College 

  Consolidated Beef 

  Enbridge Oil Corporation 

  General Motors 

  Great Plains Supply 

  John Deere 

  Minnesota Mining and Manufacturing 

  Minnkota Power Cooperative, Inc. 

  Northwestern Bell 

  Pamida, Inc. 

  Pepsi Cola 

  Ramada Inns 

  Regency Inns 

  Roadway Express 

  Steiger Tractor 

  SuperValu Stores 

  Surplus Tractor, Inc.  

 

REFERENCES 

 

Garylle Stewart, Attorney at Law; Solberg, Stewart, & Miller; Fargo, North Dakota 701-237-3166 

Howard Swanson, City Attorney and Special Assistant to the Attorney General of North Dakota; Grand 

Forks, North Dakota 701-772-3407 

Richard Stoppelmoor, Vice President, PE; HDR Inc.; 4503 Coleman Street, Suite 105, Bismarck, North 

Dakota 58503-2007; 701-557-9602 
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♦ RM HOEFS & ASSOCIATES, INC. 

 

MAJOR PROJECTS (1996 – Present) 
 

AIRPORT NEW CONSTRUCTION OR EXPANSION 

Fargo, ND 

Grand Forks, ND 

Gwinner, ND 

Jamestown, ND 

Kindred, ND 

Lisbon, ND 

Stanley, ND 

Wahpeton, ND 

 

AIRPORT REVIEW 

Bismarck, ND 

Gen Ulen, ND 

Grand Forks, ND 

Kindred, ND 

Lakota, ND 

Linton, ND 

Oaks, ND 

Washburn, ND 

 

STREETS, HIGHWAYS, AND UTILITIES 

 North Dakota Department of Transportation 

Construction / Reconstruction of I-29 & Main Avenue Railroad Shoofly, Fargo, ND 

Construction of Dickinson Bypass, Dickinson, ND (2 of 3 phases completed) 

Construction of Highway 85/2 North, Williams County, North Dakota 

Construction of I-94 sound wall; Fargo, ND 

Construction of U.S. Highway 281 Bypass, (approximately 12 miles) Jamestown, ND 

Construction of Williston Bypass, Williston, ND (3 phases completed) 

Construction of Williston Temporary Bypass, Williston, ND 

Construction of Williston Underpass, Williston, ND  

Reconstruction of 12th Avenue North and University Drive, Fargo, ND 

Reconstruction of County Road 3A, Mountrail County, ND 

Reconstruction of County Road 7, Mountrail County, ND 

Reconstruction of Dakota Avenue, City limits to Red /Ottertail/Bois de Sioux River; Wahpeton, ND 

Reconstruction of Highway 1804 interchange, Williams County, ND 

Reconstruction of Highway 20, Devils Lake, ND 

Reconstruction of Highway 23, Mountrail County, ND 

Reconstruction of Highway 281 South, Mill Hill to City limits, Jamestown ND 

Reconstruction of Highway 83; Max, ND 

Reconstruction of Highway19, Devils Lake, ND 

Reconstruction of I-29 and 52nd Avenue Overpass; Fargo, North Dakota 

Reconstruction of Intersection of Highways 1804 and 58, Buford, ND 

Reconstruction of Main Ave & 25th Street Underpass/Shoofly, Fargo, ND 

Reconstruction of Main Ave & University Drive Underpass/Shoofly, Fargo, ND 

Reconstruction of Main Street, 1st Ave to 6th Ave, Williston, ND 

Reconstruction of North Broadway, Minot, North Dakota, total takings 

Reconstruction of Palermo Road, Mountrail County, ND 

Reconstruction of roads and bridges; Ward County and FEMA; Ward County, ND 
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Reconstruction of Shell Creek Bridge, Mountrail County, ND  

Reconstruction of South University Drive, north of 52nd Avenue; Fargo, ND 

Reconstruction of State Highway 200, Killdeer, North Dakota 

Reconstruction of State Highway 46, Gackle, North Dakota 

Reconstruction of West Main Avenue, West Fargo, ND 

 

 City of Fargo, North Dakota 
Construction / Reconstruction of 32nd Avenue S - 45th Street to 38th Street, Fargo, ND 

Construction / Reconstruction of 45th Street - I-94 to 52nd Avenue, Fargo, ND 

Construction of 17th Avenue Underpass / I-29, Fargo, ND 

Construction of 42nd Avenue South Underpass / I-29, Fargo, ND 

Construction of 64th Avenue South and 25th Street, Fargo, ND 

Reconstruction of 13th Avenue South - 25th Street to I-29, Fargo, ND 

Reconstruction of 25th Street - 17th Avenue S to 23rd Avenue S, Fargo, ND 

Reconstruction of 42nd Street - 9th Avenue S to 32nd Avenue S, Fargo, ND 

Reconstruction of 45th Street - 9th Avenue South to I-94 

Reconstruction of Main Avenue - 45th Street to 25th Street, Fargo, ND 

Utility Project, Major Thoroughfares, Fargo, ND 

 

 Cass County, North Dakota 

Cass County Highway 32, Alice, North Dakota 

Cass County Highway 4, Argusville ND to CC Highway 18 

Construction of County Road 14, Horace, ND to I-29 

Reconstruction of Cass County 17 from County Road 6 to Horace, ND 

Reconstruction of County Highway 15, Mapleton, ND 

Reconstruction of County Road 32 / Rush River, Amenia, ND 

 

 Transmission Lines / Oil Pipelines 

Construction of Big Stone Transmission Line – Dickey County, ND  

Construction of Minnkota Power transmission line, various counties, ND 

Construction of Sandpiper Pipeline, Enbridge Corporation - Tioga, ND to Grand Forks, ND 

 

 US Border Control – Homeland Security / Army Corps of Engineers 

Construction of Maida Border Control Station, Maida, ND 

Construction of Pembina Border Control Station, Pembina, ND 

Construction of Portal Border Control Station, Portal, ND 

 

WATER PROJECTS 

 Total and Partial Takings / Government Participation (2000 – present) 

Baldhill Dam / Lake Ashtabula, 5’ Pool Raise – Corps of Engineers 

Becker County, MN; Becker County Dam / South Branch of Wild Rice River 

Breckenridge, MN, floodwall and levee construction; Corps of Engineers 

Devils Lake East End Outlet – North Dakota Water Commission 

Devils Lake West End Outlet; Property Owners versus State of North Dakota Water Commission 

East Grand Forks, MN; floodwall and levee construction; Corps of Engineers 

Fargo and Cass County, ND; south/north side flood project  

Fargo, ND; levee construction; City of Fargo (on going) 

Fargo-Moorhead Red River Diversion (on going) 

Grand Forks, ND; floodwall and levee construction; Corps of Engineers 

Hendrum, Minnesota, ring dike; Wild Rice Water District 

Little Missouri pipeline break, Medora, ND; North Dakota State Water Commission 

Neva, Minnesota, ring dike; Wild Rice Water District 

Norman County Minnesota; Wild Rice Water District; levee construction 

Oxbow, North Dakota Emergency Buyouts – Corps of Engineers & FM Metro Area Diversion 
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Perley, Minnesota ring dike; Wild Rice Water District 

Shelly, Minnesota, ring dike; Wild Rice Water District 

 

 Voluntary Buyouts / Government Participation (2000 – present) 

Breckenridge, MN 

Cass County, ND 

City of Fargo, ND 

Clay County, MN 

Norman County, MN 

Wild Rice Water District, MN 

 

 Flood Damaged Properties (1997 – present) 
Cass County, ND 

Clay County, MN 

East Grand Forks, MN 

Fargo, ND 

Grand Forks, ND 

Lisbon, ND 

Moorhead, MN 

Norman County, MN 
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♦ COPYRIGHT PROTECTION 

 

 © Copyright 2015 

RM Hoefs & Associates, Inc. 

Fargo, North Dakota 58108 

All Rights Reserved. 

 

 No part of this document may be reproduced, nor may any portion be 

incorporated into any information retrieval system without written 

permission from RM Hoefs & Associates, Inc., the copyright holder. 

 

The descriptions, analyses, and conclusions stated herein are intended 

for the exclusive use of our client, and any other explicitly identified 

intended users, solely for the intended use stated in this document. 

 

RM Hoefs & Associates, Inc. retains all rights, title, and interests in all 

trademarks, trade names, trade secrets, data, conclusions, opinions, 

valuations, and other information included in, arising out of, or in any 

way related to this survey. 

 

No person or entity shall be entitled to break down, strip out, mine, or 

disseminate any component or portion of this report, including, but not 

limited to any valuations, opinions, data compilations, or conclusions. 

 

This report and all its contents is a culmination of intellectual and 

professional experiences, education, personal investigations, and 

know-how, which shall at all times remain the property of RM Hoefs 

& Associates, Inc., its sole owner. 

 

     

 

 

END OF REPORT 
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Multiple studies have found wind farms have no significant long-term impacts 
on property values.

 » Wind energy projects drive economic development, job growth and tax revenue to their host 
communities, which benefits landowners and land values in the area.

 » Landowners who host a wind turbine on their property earn regular lease payments that transfer with  
the sale of the property, adding to its value.

 » While some potential property purchasers may be hesitant to purchase land near wind turbines, 
academic studies show that the positive impacts of a wind energy project either balance or  
outweigh any negative impacts.

 » A study of more than 50,000 home sales among 27 counties in nine states found no 
statistical evidence that home prices near wind farms were affected by the wind farm.1

 » A 2010 study conducted in Chatham-Kent, Ontario, found there was no statistically 
relevant relationship between the presence of a wind project and negative effects on 
property values.2

P100003649

Fact Sheet

What impact will a wind farm have  
on my property value?

“There is a lot of real estate sales activity and many properties in the area of the 
NextEra Windfarm project are selling for substantially higher prices than what is 
reflected on the current assessment rolls. For the 2015 calendar year Assessor’s 
Office data shows 712 single family residential properties sold in the areas around 
the Windfarm and transmission line corridor. The total value of those sales was 
just under $181.1 million dollars. This represents an increase of $42.9 million  
over the current Assessor’s Market Value on those same properties. An even 
greater increase in value is indicated by the sales of 30 parcels of grazing land 
for $5.4 million representing a $3.7 million dollar increase over Assessor’s Market 
Value on those properties.”

– Steve Schlieker, El Paso County Assessor, El Paso County, CO3

CASE STUDY

Sources:
1 Wind Farm Proximity and Property Values: A Pooled Hedonistic Regression Analysis of Property Values in Central Illinois.  
Jennifer L. Hinman, (May 2010).

2 A Spatial Hedonic Analysis of the Effects of Wind Energy Facilities on Surrounding Property Values in the United States.  
Hoen, B., Brown, J., Jackson, T., Wiser, R., Thayer, M. and Cappers, P. (2013). Lawrence Berkeley National Laboratory, Berkeley, CA. 151 pages.

3 County Assessor Reports Spike in Home and Property Values Near Calhan Wind Farm, 02/18/2016, The Gazette [Colorado], Ryan Maye 
Handy.

Additional research:
The Impact of Wind Power Projects on Residential Property Values in the United States: A Multi-Site Hedonic Analysis.  
Hoen, B., Wiser, R., Cappers, P., Thayer, M. and Sethi, G. (2009). Lawrence Berkeley National Laboratory, Berkeley, CA. December, 2009.  
146 pages. LBNL-2829E.
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Decommissioning Plan  
for the Crowned Ridge Wind Energy Facility  

1.0 Introduction 
 

1.1 Background 
Crowned Ridge Wind, LLC (CRW or Applicant) an indirect, wholly-owned subsidiary of 
NextEra Energy Resources, LLC (NEER) has prepared this Decommissioning Plan (Plan) to 
provide documentation of activities necessary to decommission the proposed Crowned Ridge 
Wind (CRW) Facility (Wind Facility or Project) located in Codington County and Grant County, 
South Dakota. The Project would be situated within an approximately 53,200-acre Project Area 
and would consist of 130 three bladed, upwind, horizontal axis wind turbines which originate 
from the GE 2MW-116 model series. The proposed Project would utilize 117 GE 2.3MW 
turbines with 116-meter (381-feet) rotor diameter and 90-meter (295-feet) hub height as the 
Project’s primary turbine technology, and 13 GE 2.3MW turbines with 116-meter (381-feet) 
rotor diameter and an 80- meter (262-feet) hub height as the Project’s secondary technology 
which will be utilized in select locations. The 130 turbines to be constructed would result in a 
total installed capacity of approximately 300 MW. 

The decommissioning plan assumes the removal of 130 wind turbine generators as well as other 
associated Project facilities. This Plan is intended to provide an overview of the industry-
standard approach to decommissioning and restoring the project site, as well as the local 
requirements of Codington County and Grant County concerning the decommissioning of the 
Project.   

In preparing this Decommissioning Plan, CRW submitted the following local land use permit 
applications: 

• A combined application for a Conditional Use Permit (CUP) to Codington County dated 
June 8, 2018. CRW received CUP approval on July 16, 2018; and  

• A combined application for a Conditional Use Permit (CUP) to Grant County dated 
September 17, 2018. CRW received CUP approval on December 17, 2018.  
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1.2 Objective and Goals 
 

The goal of this Decommissioning Plan is to establish the approach to: 

1. Disassembly and removal of existing turbines; 

2. Abandonment or removal of existing infrastructure associated with the turbines; 

3. Scarification and reseeding of disturbed areas, where applicable; 

4. Revegetation of newly-disturbed ground; and 

5. Mitigation for potential impacts on sensitive environmental features. 

 

1.3 Decommissioning Plan Schedule of Key Tasks 
Key schedule tasks pertaining to the decommissioning plan are summarized in the following 
table.  

Task Supporting Information 
Submittal of  
Decommission Plan 

At least thirty 30-days prior to construction, CRW is required to file a 
decommissioning plan for Board approval (Grant County); and 
Within 120-days of completion of construction, the CRW shall submit 
to the County a decommissioning plan describing the manner in which 
the permittees anticipate decommissioning the project (Codington 
County). 

Commencement of 
Decommissioning 

Decommissioning of the Project shall begin within 8-months of the 
expiration of this permit, or earlier termination of operation of the 
Project (Codington County & Grant County). 

Completion of 
Decommissioning 

Decommissioning of the Project shall be completed within 18-months 
of the expiration of this permit or earlier termination of operation of 
the Project. 

Completion of Restoration  Decommissioning of the Project shall be completed within 18-months 
of the expiration of this permit or earlier termination of operation of 
the Project. 

 
The Project possesses an initial Power Purchase Agreement contract term of 25 years, which is 
also the estimated life of the facility or when termination of operations of the Project may occur.  
The estimated life of the Project can be increased through repowering of the Project. 
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2.0 Project Decommissioning 
The Project shall be decommissioned in accordance with the local requirements of Codington 
County (Appendix A) and Grant County (Appendix B).  

 

2.1 Decommissioning Preparation Activities 
Prior to the physical decommissioning of the existing facilities, the following activities will be 
conducted: 

• CRW will provide a 1-year notice to both Codington and Grant County in advance of the 
anticipated timing of the Project’s decommissioning; 

• CRW will identify locations of Project infrastructure that are to be removed per local 
decommissioning requirements;   

• CRW will identify the locations of Project infrastructure that are to remain in place if per 
preference of Project’s lease holders;  

• CRW will identify work areas to enable the decommissioning of equipment; 

• Transportation planning for conveyance of oversize turbine components will be reviewed 
to address traffic considerations by CRW; and  

• CRW will receive applicable permits, approvals, and agreements that need to be obtained 
prior to physical removal of infrastructure.  

 

2.2 Decommissioning of Facilities 
The goal of Project decommissioning is to remove the Project infrastructure in accordance with 
local requirements of Codington County and Grant County and to return the site to a condition as 
close to a pre-construction state as feasible. The major activities required for the 
decommissioning may be as follows: 

• Removal of 130 wind turbine generators and all existing above ground facilities; 

• Removal of underground facilities such as turbine foundations up to a depth of four- feet; 
and 

• Removal of roads and staging areas that are not desired by land owners to remain in 
place. 
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Turbines: 

The decommissioning activity most notable to the general public will be the removal of the wind 
turbines. The disassembly and removal of this equipment will essentially be the same as its 
installation, but in reverse order. The large components that make up a wind turbine will be 
disassembled in the reverse order they were assembled.  

The rotor (hub and blades) are removed from the nacelle and, with the help of a smaller crane, 
turned horizontally and set on the ground. Next, the nacelle will be removed from the top of the 
tower, followed by each portion of the tower. Once the turbine rotor has been removed, a crew 
and small crane will disassemble it into the hub and three loose turbine blades. The most 
efficient manner for component removal will be for each large component (other than the rotor) 
to be placed directly onto a truck bed when it is removed from the turbine. These trucks could 
then immediately take the component off the site. This approach will limit the need for clearing 
an area around the turbine base to just enough area to set down the rotor. When the rotor is 
disassembled, the blades will be placed into a carrying frame, which can then be loaded onto a 
truck for removal from the site. The hub can also be removed once it is disassembled from the 
blades. 

Turbine tower sections will be dismantled utilizing cranes. A single large crane is typically used 
to disassemble the turbines, and smaller cranes would lift the parts onto trucks to be hauled 
away. Meteorological towers will also be similarly removed noted later in Section 2.3. After 
dismantling and excavating the facility, high value components will be removed for scrap value. 
The remaining materials will be reduced to transportable size and removed from the site for 
disposal. Materials will be disposed where disposal is permitted and where there is capacity for 
the disposal. Generally, turbines, transformers, electrical components, and towers are refurbished 
and resold or are recycled for scrap. All unsalvageable materials will be disposed of at authorized 
sites in accordance with applicable regulations. Decommissioning of the existing turbines will 
include removal and transport of generators and towers offsite to disposal facilities and/or sale of 
towers and generators. Some wind turbine generator components may be stored onsite within the 
existing laydown areas. Inert materials, such as foundations, will be decommissioned in place to 
avoid potential adverse environmental impacts.  

Met Tower: 

The meteorological tower will similarly be disassembled by a crane, starting with the upper 
tower section and moving downward. 

Access Roads: 

It is anticipated that several existing access roads will remain where preferred with landowners. 
CRW will work with landowners regarding whether the landowner prefers to keep the access 
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road in place. In the event landowners do not want the access road, or portions thereof, the access 
roads will be removed.  

Substation: 

Once the Project is de-energized, the substation will be disassembled. Major components will be 
removed from their foundations and placed onto trucks using a small crane. Fences and fence 
posts will be taken down and removed. The aggregate base and concrete foundations at the 
collection substation will be removed, and native soils will be spread on-site to return it to its 
prior condition and to assist in preventing erosion. The Project owners will review if the 
substation grounding grid is to be removed or left in place. 

O&M Facility: 

The O&M facility will be sold or disassembled. For disassembly, the roofing, siding and 
structural members will be removed and placed onto trucks using a small crane or forklift. 
Fences and fence posts will be taken down and removed. The aggregate base and concrete 
foundations at the facility will be removed, and native soils will be spread on-site to return it to 
its prior condition and to assist in preventing erosion. 

Collector System: 

Between each of the turbine locations will be a buried electrical cable and fiber optic cable. The 
respective Project owners will consult with the landowners at the time of decommissioning to 
determine if the landowners desire the Project owners to remove the cables or to leave to them in 
place.  

Removing the cables will cause some environmental impact that would need to be mitigated. If 
the cables are to be removed, a trench will be opened and the cables pulled out. The cables will 
be cut into manageable sections and removed from the site. The trenches will then be filled with 
native soil, compacted, tilled and returned to a condition suitable for growing crops. 

It is anticipated that some sections of underground cables will remain in place to avoid 
environmental impacts in sensitive areas. Underground cables will be identified for removal 
generally to a depth of four feet; however, in some cases, and in coordination with appropriate 
entities such as Northern States Power Company, county and state agencies, the landowner, and 
other applicable entities, underground cables may be identified to remain in place to avoid 
surficial disturbance of sensitive features, such as prairies, wetlands, other natural habitat, or 
cultural, tribal, and archaeological resources. 

Transmission Line: 

Initially, the wires will be removed from the tower hangers and collected for recycling. The 
tower structures will then be disassembled and removed, including grounding rods to 4 feet 
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below grade unless a lesser depth is otherwise agreed to by the landowner. The areas around the 
poles, along with any access roads that were necessary, will be reclaimed. 
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3.0 Restoration and Reclamation 
3.1 Restoration Area 

The areas subject to the provisions of this Plan are those areas that will be impacted during 
decommissioning activities, including all areas where decommissioning activities occur, as 
discussed in Section 3.2. 

3.2 Restoration 
Restoration activities will include, but not be limited to, the following: 

• Restore property or properties to pre-construction conditions to the extent feasible. 

• Restore property or properties with site specific characteristics such as topography, 
vegetation, drainage and other unique environmental features. 

• Repair county roads impacted by movement of oversized loads or heavy haul vehicles 
and frequent vehicle trips. 

• Remove graveled access roads and restore to pre-construction conditions to the extent 
feasible.   

• Unexcavated areas compacted by equipment used in the decommissioning, including 
crane path areas, may be tilled in a manner adequate to restore the topsoil and subgrade 
material to a density consistent with the surrounding areas and then will be reseeded. 

• Existing roadways will remain in place when desired by the landowner. Those roadways 
to be removed will be removed will be removed, scarified and reseeded to return the 
roadbed to pre-construction conditions to the extent feasible. 

• Appropriate levels of soil compaction for earthwork required to bury turbine foundations 
will consider burrow establishment. Decommissioned surfaces identified for reclamation 
will be scarified, tilled, or harrowed, as appropriate. The depth of compaction relief will 
depend on site-specific conditions. The site will be left adequately rough after surface soil 
placement to provide micro sites for seed germination and to reduce soil movement. 

• CRW will coordinate to revegetate non-cropland and pasture areas disturbed during 
decommissioning with native seed mixes appropriate to the region. Topsoil removed 
during decommissioning activities will be separated from other excavated material and 
will be reused as topsoil during reseeding and restoring plant communities. Reseeding 
with native seed mixtures will be used on restoration areas except in cropland areas and 
in areas where landowners indicate preference for other seeding plans. Reseeding of 
cropland areas will be conducted in coordination with the landowner. 
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• In areas where native seed mixes are applied, seed will be broadcast using manually 
operated, cyclone-type bucket spreaders, mechanical seed spreaders, blowers, 
hydroseeders, or rubber-tired all-terrain vehicles equipped with mechanical broadcast 
spreaders. Seed in the spreader hoppers will be mixed to discourage separation of the 
component seed types. Soils will be protected from wind erosion, if necessary, using 
biodegradable erosion control blankets or appropriate mulch cover until vegetation is 
established. 

• Where applicable, restoration areas will be designated as areas for all onsite construction 
and operation and maintenance personnel to avoid and allow for timely seed germination 
and soil stabilization. Avoidance areas may be marked using temporary signage and/or 
fencing (for example, orange snow fence attached to t-posts), as determined necessary by 
CRW. 

• When the wind turbines and substation components are removed from their foundations, 
the concrete and steel within the deeper wind turbine foundations will be broken-up and 
removed to a depth of four (4) feet below grade unless a lesser depth is otherwise agreed 
to by the landowner. Fully removing the wind turbine foundations would require major 
excavation/disturbance at each tower site, as well as additional truck haul-away traffic. 
The foundation sections below 4 feet that are proposed to remain are composed of non-
leaching elements, concrete and steel, that should not present a hazard to the 
environment. 

• The landowners will have the choice, when the Project is decommissioned, as to whether 
the Project access roads are to be removed. To facilitate the various uses for the property, 
the owner may choose to leave the roads in place. If the roads are left, maintenance of the 
roads will become the responsibility of the respective landowner. If the landowner does 
not want to leave the road in place, it will be removed once all the necessary equipment 
and materials have been removed from an area and the road to that area is no longer 
needed. The road surface and bed materials will be removed down to grade. Any 
materials native to the site will be scattered across the site, and foreign materials will be 
removed.  

• For areas where equipment or materials are removed, those areas will be re-graded back 
to near pre-construction contours to the extent feasible. Removed roads will be regraded 
to original contours if cuts and fills make such re-grading practical. Crane pads will also 
be regraded. All disturbed areas will be seeded and mulched. 

• Restoration areas shall be filled and covered with topsoil and restored to a state 
compatible with the surrounding land and will be completed within 18 months after 
expiration of the site permit. 
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3.3  Roadway and Facilities Repair and Reclamation 
• County roadways will be repaired from damage that may result from the hauling away of 

materials, movement of oversized loading or heavy-haul vehicles, and traffic 
management. In addition, County roads used during the decommissioning process may be 
damaged due to use of heavy equipment used to off-haul turbine components.  County 
roads used will be restored to their pre-decommissioning state as verified and approved 
by Codington County and Grant County. 

• CRW will coordinate with landowners to identify property features, such as drain tiles, 
that need to be avoided during decommissioning activities and will avoid these features 
where practicable. Where identified features, such as drain tiles cannot be avoided, the 
drain tile or other features will be repaired following decommissioning and landowners 
will be compensated for crop damages or losses related to the damage. 

• Livestock in pastureland may be temporarily disrupted during decommissioning due to 
temporary activities, but appropriate measures will be made to ensure fenced pastureland 
is secure. Temporary fencing may be put in place if fencing is impacted and will be 
repaired or replaced after decommissioning. 
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4.0 Cost Estimate 
The cost to decommission the existing facility as described in this Plan is estimated to range 
between $10 million and $15 million. CRW will be responsible for all decommissioning costs. 
The funding for the decommissioning of the Project will be provided in a form of financial 
assurance that is acceptable to each county to cover the anticipated costs of the decommissioning 
of the Project. 

Within 5-years from the date of issuance of a conditional use permit in Codington County, the 
Board may require such financial assurance while in Grant County a decommissioning account is 
to be funded by the turbine owner annually for a period of 30-years. Beginning in year ten 
following the beginning of operation and each fifth year thereafter, the turbine owner shall 
submit to Grant County the Project’s estimated decommissioning costs and salvage values. 
Based on the verification of the information filed in the Grant County conditional use permit 
application, the County may change the annual financial assurance funding rate to more closely 
match the estimated amount needed for decommissioning. 
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Appendix A: 
Codington County: Section 5.22.03.09 - Decommissioning, Restoration and 
Abandonment 
Subject Requirements 
a) Decommissioning  
    Plan 

Within 120 days of completion of construction, the permittees shall submit to the County a 
decommissioning plan describing the manner in which the permittees anticipate decommissioning 
the project in accordance with the requirements of paragraph (b) below. The plan shall include a 
description of the manner in which the permittees will ensure that it has the financial capability to 
carry out these restoration requirements when they go into effect. The permittees shall ensure that 
it carries out its obligation to provide for the resources necessary to fulfill these requirements. The 
County may at any time request the permittees to file a report with the County describing how the 
permittees are fulfilling this obligation. 

b) Site Restoration The decommissioning of the WES shall begin within eight (8) months of the expiration of this 
permit, or earlier termination of operation of the WES, and be completed within eighteen (18) 
months of the expiration of this permit or earlier termination of operation of the WES. The 
permittees shall have the obligation to dismantle and remove from the site all towers, turbine 
generators, transformers, overhead and underground cables, foundations, buildings and ancillary 
equipment to a depth of four (4) feet. To the extent possible the permittees shall restore and 
reclaim the site to its pre-project topography and topsoil quality. All access roads shall be 
removed unless written approval is given by the affected landowner requesting that one or more 
roads, or portions thereof, be retained. Any agreement for removal to a lesser depth or for no 
removal shall be recorded with the County and shall show the locations of all such foundations. 
All such agreements between the permittees and the affected landowner shall be submitted to the 
County prior to completion of restoration activities. The site shall be restored in accordance with 
the requirements of this condition within eighteen (18) months after expiration. 

c) Abandoned 
    Turbines 

The permittees shall advise the County of any turbines that are abandoned prior to termination of 
operation of the WES. The County may require the permittees to decommission any abandoned 
turbine. 

d) Cost   
     Responsibility 

The owner or operator of a WES is responsible for decommissioning that facility and for all costs 
associated with decommissioning that facility and associated facilities. 

e) Financial  
    Assurance 

Five (5) years from the date of issuance of a conditional use permit, the Board may require a 
performance bond, surety bond, letter of credit, corporate guarantee or other form of financial 
assurance that is acceptable to the Board to cover the anticipated costs of decommissioning the 
WES facility. 

f) Failure to  
   Decommission  

If the WES facility owner or operator does not complete decommissioning, the Board may take 
such action as may be necessary to complete decommissioning, including requiring forfeiture of 
the above referenced financial assurance. The entry into a participating landowner agreement shall 
constitute agreement and consent of the parties to the agreement, their respective heirs, 
successors, and assigns, that the Board may take such action as may be necessary to 
decommission a WES facility. 
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Appendix B:  
Grant County: Section 1211.04.10 – Decommissioning, Restoration and Abandonment 
Subject Requirements 

a) Cost  
    Responsibility 

The owner or operator of a WES is responsible for decommissioning that facility and for all costs 
associated with decommissioning that facility and associated facilities. 

b) Decommissioning  
    Plan 

At least thirty (30) days prior to construction, the applicant shall file a decommissioning plan for 
Board approval in accordance with the requirements of paragraphs (b), (c) and (d) below. The 
plan shall include an acceptable financial assurance plan which estimates the decommissioning 
cost per turbine and a description of the manner in which the permittees will ensure that it has the 
financial capability to carry out these restoration requirements when they go into effect. The 
permittees shall ensure that it carries out its obligation to provide for the resources necessary to 
fulfill these requirements. The County may at any time request the permittees to file a report with 
the County describing how the permittees are fulfilling this obligation 

c) Financial  
   Assurance 

The Board shall require a performance bond, surety bond, escrow account, letter of credit, 
corporate guarantee or other form of financial assurance that is acceptable to the Board to cover 
the anticipated costs of decommissioning the WES facility. The financial assurance plan is subject 
to the following provisions: 

i. A decommissioning account is to be funded by the turbine owner annually at a rate of five 
thousand dollars ($5,000) per turbine for a period of thirty (30) years. 

ii. The Board may allow a decreased annual payment, if the Board determines the full rate as 
identified in the financial assurance plan is not necessary to cover costs of decommissioning. 

iii. All interest earned by any financial assurance account remains in the account. 

iv. A financial assurances statement is to be provided upon request to the administrative official. 

v. The financial assurance plan follows ownership of the wind turbines. 

vi. The financial assurances are not subject to foreclosure, lien, judgment, or bankruptcy. 

vii. Beginning in year ten (10) following the beginning of operation and each fifth year thereafter, 
the turbine owner shall submit to the Board an estimated decommissioning date, if established, 
and estimated decommissioning costs and salvage values. Based on the verification of the 
information in this filing the Board may change the annual financial assurance funding rate to 
more closely match the estimated amount needed for decommissioning. 

viii. Funds from the financial assurances are to be paid to the turbine owner at the time of 
decommissioning. Said funds are to be paid as decommissioning costs are incurred and paid for 
by the turbine owner. 

ix. If the turbine owner fails to execute the decommissioning requirement, the funds are payable 
to the landowner as the landowner incurs and pays decommissioning costs. 

d) Site Restoration The decommissioning of the WES shall begin within eight (8) months of the expiration of this 
permit, or earlier termination of operation of the WES and be completed within eighteen (18) 
months of the expiration of this permit or earlier termination of operation of the WES. The 
permittees shall have the obligation to dismantle and remove from the site all towers, turbine 
generators, transformers, overhead and underground collector and feeder lines, foundations, 
buildings and ancillary equipment to a depth of four (4) feet. To the extent possible the permittees 
shall restore and reclaim the site to its pre-project topography and topsoil quality. All access roads 
shall be removed unless written approval is given by the affected landowner requesting that one 
or more roads, or portions thereof, be retained. Any agreement for removal to a lesser depth or for 
no removal shall be recorded with the County and shall show the locations of all such 
foundations. All such agreements between the permittees and the affected landowner shall be 
submitted to the County prior to completion of restoration activities. The site shall be restored in 
accordance with the requirements of this condition within eighteen (18) months after expiration. 

e) Failure to If the WES facility owner or operator does not complete decommissioning, the Board may take 
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    Decommission such action as may be necessary to complete decommissioning, including requiring forfeiture of 
the bond. The entry into a participating landowner agreement shall constitute agreement and 
consent of the parties to the agreement, their respective heirs, successors, and assigns, that the 
Board may take such action as may be necessary to decommission a WES facility. 

f) Abandoned
Turbines

The permittees shall advise the County of any turbines that are abandoned prior to termination of 
operation of the WES. The County may require the permittees to decommission any abandoned 
turbine. 
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Crowned Ridge I and II, SD 
Electromagnetic Interference Analysis 

Crowned Ridge Wind LLC 
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The following document was prepared by WindLogics Inc. (WindLogics), an indirect 
wholly-owned subsidiary of NextEra Energy Resources, LLC (NEER) for the use of 
Crowned Ridge Wind, LLC, as an indirect wholly-owned subsidiary of NEER. 
WindLogics Inc. has prepared this report based on available government information 
by the Federal Communications Commission (FCC) and internal analysis methods. 
We cannot guarantee the accuracy of the data collected by the FCC. Microwave 
tower and link information may be inaccurate or incomplete due to FCC applicant 
error. 
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 Executive Summary 
 
WindLogics, an affiliate of Crowned Ridge Wind LLC (Crowned Ridge) assessed 
the potential for interference of licensed communication links in close proximity to 
the proposed Crowned Ridge Wind Project area for the purposes of determining 
exclusion zones to aid the design of a proposed wind energy generation project. 
This report summarizes the microwave links and towers along with local cellular 
towers, media towers (AM and FM), television, and aviation towers, identified 
within and near the assessment area. 
 
A review of the Federal Communications Commission (FCC) national database 
and the Universal Licensing System was conducted to identify these possible 
constraints. Wind turbine offset distances were taken in consideration for the 
design of the wind turbine array. 
 
Electromagnetic analysis results show that interference is not expected to impact 
nearby microwave, AM, FM, cellular, TV, and aviation towers based on the array 
design. 
 
The analysis is current as of August 20th, 2018. WindLogics recommends a 
refresh of this analysis if the proposed wind energy generation project has not 
been constructed after two years. 
 
This report only provides analysis for licensed radio towers and links found within 
the FCC database. Many local municipalities (police, fire, etc.) do not license 
microwave links, WindLogics recommends that Crowned Ridge LLC coordinate 
with the appropriate local municipality officials. Also not included within the 
database are microwave towers and links utilized by the Federal government 
(Dept. of Defense, Dept. of Commerce, etc.), again for public safety concerns. A 
letter stating “No Harmful Interference Anticipated” has been received from the 
National Telecommunications and Information Agency (NTIA) concerning the 
DOA (Agriculture), DOC (Commerce), and DON (Navy).  The DOE (Energy) had 
considerable issues with turbine placement in the area and the developer is 
currently working with the agency to mitigate their concerns at the site.
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Crowned Ridge Wind, SD – Electromagnetic Interference 
 
WindLogics, an affiliate of Crowned Ridge Wind LLC (Crowned Ridge) assessed 
the potential for interference of licensed communication links in close proximity to 
the proposed Crowned Ridge Wind Project area for the purposes of determining 
exclusion zones to aid the design of a proposed wind energy generation project. 
This report summarizes the microwave links and towers along with local cellular 
towers, media towers (AM and FM), television, and aviation towers, identified 
within and near the assessment area. 
 
A review of the FCC national database and the Universal Licensing System was 
conducted to identify these possible constraints. Wind turbine offset distances 
were taken into consideration for the design of the wind turbine array. 
 
The site is located in Codington, Grant and Deuel Counties, South Dakota, 
roughly 15 kilometers east of the city of Watertown, South Dakota. Figure 1 
below, depicts the project location of Crowned Ridge Wind. 
 

 
 

Figure 1: Crowned Ridge Wind Project Location 
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Turbine Technology 
 
Crowned Ridge Wind is a proposed hybrid wind energy generation site that 
consists of 266 turbine locations. The layout is composed of 256 (238 primary 
and 18 alternate) GE2.3-116 turbines (2.3MW rated capacity, 116m rotor 
diameter (RD)), 15 GE2.1-116 turbines (2.1MW rated capacity, 116m rotor 
diameter (RD)) and 13 GE1.715-103 turbines (1.715MW rated capacity, 103m 
RD) for a total capacity of 601.2 MW.  Turbine layout details are included in 
Table 1 and Figure 2 
 

Turbine Technology 
GE2.3-116 / GE2.1-116 

GE1.715-103 
Turbine Count 238(18) / 15 / 13 
Hub Height (m) 90 / 80 / 80  

Rotor Diameter (m) 116 / 116 / 103 
Turbine Rated Power (MW) 2.3 / 2.1 / 1.715 

Total Capacity (MW) 601.2 
 

Table 1: Crowned Ridge Layout Summary 

 

 
 

Figure 2: Crowned Ridge Wind Turbine Technology Allocation 
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Data Sources 
 
Within the United States, the location of industrial and commercial 
telecommunication systems, including microwave links, are collected and 
maintained by the Wireless Telecommunications Bureau (WTB), a division of the 
FCC. This data is made publicly available through the ULS database, which 
contains licensing information on both current and permit pending facilities for 
microwave, cellular, media, and several radio services utilized by private industry 
(non-Federal telecommunication systems). License information supplied within 
the ULS database is updated daily, and is dependent upon information provided 
by each individual applicant. 
 
WindLogics used several data sources (ESRI satellite imagery, Google Earth, 
etc.) of high resolution imagery to aid in assessing the accuracy of the 
geographic locations of each microwave tower with links intersecting the project 
boundary or area of interest (AOI). 
 
Methodology 
 
The ULS database, described earlier, was used to identify the microwave towers, 
microwave links, cellular, AM, FM, and aviation towers within a 25-kilometer 
radius that may impact the Crowned Ridge Wind Farm. Television towers were 
identified within a 100-kilometer radius. The database provides detailed 
information for each radio tower and link, which was used to calculate turbine 
exclusion zones to ensure interference compliance.  
 
Exclusion zones for wind turbines near microwave links are calculated using a 
theory proposed by Bacon (2002), which identifies the radius of the 2nd Fresnel 
zone, a theoretical sphere representative of a propagating radio wave, as an 
appropriate offset distance. Calculations of the 2nd Fresnel zone can be 
determined by: 

 

  
   Where:  

d1, d2 = distances from each end of the radio path. 
   λ= wavelength of the corresponding radio frequency. 
 

( 1 ) 2n d Fresne l z on e R'adius = 
2.:Ld1 d2 

d1 + dz 
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To account for precision errors within the ULS database, and to further reduce 
the potential for interference from a wind turbine, a Worst Case Fresnel Zone 
(WCFZ) was calculated for each microwave link. The WCFZ provides the 
maximum offset distance required, and is determined by the 2nd Fresnel zone 
radius obtained at the midpoint of the link, where d1 = d2. Adjusting Eq. 1 to 
calculate the WCFZ in meters yields the following: 
 
 

    Where: 
   D = distance between the transmitter and receiver towers. 
   F = frequency in GHz. 
   n = Fresnel zone, which for the 2nd Fresnel Zone n = 2. 
 
The calculated radius distance from Eq. 2 provides a three-dimensional turbine 
exclusion zone around each microwave link that can be used to guide wind 
turbine array design. 
 
In addition to the WCFZ calculated for each microwave link, WindLogics applies 
an offset of one-half RD plus 10 meter to account for turbine blade overhang. A 
turbine overhang offset using a 116 m turbine technology is included within this 
analysis to represent the GE2.5-116 wind turbine generator.  
 
The WTB cannot provide quality assurance for every license within the ULS 
database, so accuracy of the data relies on applicant certifications, and, in 
extreme cases, license audits. It has been WindLogics’ experience that most 
inaccuracies occur with regard to the location of the radio towers, where 
approximation or lack of precision of the geographic coordinates can result in a 
difference in the position of the tower by as much as 500 meters. 
 
To fully account for these location errors, WindLogics recommends on-site 
verification to identify the exact location of the transmitter and receiver towers. 
However, for this analysis, WindLogics used high-resolution satellite imagery to 
identify possible tower location errors. Most microwave, media, and cellular 
towers extend well over 80m above ground level, and can be clearly viewed 
within high resolution satellite imagery. Each tower that may impact the project 
boundary was investigated for potential location error. Adjustments to the 
location of the microwave, media, and cellular towers are only made if clear 
evidence from the satellite imagery shows an inaccuracy. 
 
 
 
 

( 2 ) WCFZ = 17-32 j4~ 
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Microwave Links and Microwave Towers 
 
Five microwave towers were identified within the Project area. In addition, twelve 
microwave links have been identified near the project area and ten have been 
found to intersect the AOI. The WCFZ for all of these links have been calculated, 
and the appropriate turbine offset has been used to minimize any harmful impact 
from the proposed turbine layout. 
 
Figure 3 below illustrates the position of each microwave link with respect to the 
project boundary and turbine locations. 
 

 
 

Figure 3: Crowned Ridge Wind With Microwave Links 
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Table 2 provides more detailed information on each microwave link in proximity 
to the area with the calculated WCFZ. 
 
ID STATUS TRANSMITTER CALLSIGN MICROWAVE NAME BAND FREQ (GHz) WCFZ (m) BEAM LENGTH (Km)

1 Active WHI958 EAST RIVER ELECTRIC POWER COOP 6.12 30.04 36.84
2 Active WHI958 EAST RIVER ELECTRIC POWER COOP 6.12 30.04 36.84
3 Active WIA856 EAST RIVER ELECTRIC POWER COOP 6.26 26.19 28.60
4 Active WIA856 EAST RIVER ELECTRIC POWER COOP 6.26 29.72 36.84
5 Active WIA856 EAST RIVER ELECTRIC POWER COOP 6.26 26.16 28.54
6 Active WIA856 EAST RIVER ELECTRIC POWER COOP 6.26 29.72 36.84
7 Active WIA858 EAST RIVER ELECTRIC POWER COOP 6.09 28.44 32.86
8 Active WIA858 EAST RIVER ELECTRIC POWER COOP 6.09 28.41 32.78
9 Active WIA895 EAST RIVER ELECTRIC POWER COOP 5.95 26.83 28.54

10 Active WIA895 EAST RIVER ELECTRIC POWER COOP 5.95 26.83 28.54
11 Active WLP539 ALPHA 3E LICENSEE LLC 0.95 74.44 35.13
12 Active WLP540 ALPHA 3E LICENSEE LLC 0.95 74.52 35.13
13 Active WMG235 ALPHA 3E LICENSEE LLC 0.94 68.07 29.19
14 Active WMG236 ALPHA 3E LICENSEE LLC 0.95 51.55 16.82
15 Active WMN496 New Cingular Wireless PCS, LLC 6.63 24.58 26.68
16 Active WPOR475 EAST RIVER ELECTRIC POWER COOP 6.35 27.84 32.78
17 Active WPOR475 EAST RIVER ELECTRIC POWER COOP 6.35 27.84 32.78
18 Active WPVJ218 New Cingular Wireless PCS, LLC 6.85 24.18 26.68
19 Active WQDT286 Northern Border Pipeline Company 5.95 29.85 35.32
20 Active WQDT287 Northern Border Pipeline Company 6.20 29.24 35.32
21 Active WQDT287 Northern Border Pipeline Company 6.20 30.67 38.85
22 Active WQDT287 Northern Border Pipeline Company 6.20 30.22 37.74
23 Active WQDT288 Northern Border Pipeline Company 5.95 30.86 37.74
24 Active WQDT289 Northern Border Pipeline Company 5.97 31.23 38.85
25 Active WQME671 TMRG BROADCASTING, LLC 0.95 54.56 18.89
26 Active WQYT404 RC Technologies 11.00 22.48 37.04
27 Active WQYT405 RC Technologies 11.57 21.92 37.04  

 
Table 2: Detailed Information on Microwave Links That Intersect the Project Boundary 

 
There are a number of links that are within relatively close proximity to turbines. 
The Worst Case Fresnel Zone was calculated for each microwave link and a 
conservative offset of 68 meters was used to reduce the probability of harmful 
interference. Figures 4-6 provide aerial imagery of the turbine layout relative to 
the Fresnel zones and their offsets that intersect the project boundary. 
 

Exhibit A1-M

 
007830

ADMINISTRATIVE RECORD - Scan 9 - Page 235 of 299

- Page 3004 -



 
 

Figure 4: Crowned Ridge Wind Fresnel Zone Northwest 
 

 

 
Figure 5: Crowned Ridge Wind Fresnel Zone Central 
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Figure 6: Crowned Ridge Wind Fresnel Zone South 

 
Cellular Towers 
 
One cellular tower was identified within the project boundary. Four additional 
cellular towers were discovered within 25 km of the project boundary and are 
identified in Table 3 and figure 7. 
 
Harmful interference associated with cellular towers is not likely as cellular 
transitions or packet switching occurs when a cellular link becomes unavailable. 
 
  
ID STATUS CALLSIGN LICENSEE LATITUDE LONGITUDE DISTANCE TO AOI(km)

1 Active KNKN368 Rural Cellular Corporation 44.91581 -96.96506 0.00
2 Active KNKN368 Rural Cellular Corporation 44.66469 -96.80867 13.95
3 Active KNKN368 Rural Cellular Corporation 45.11611 -97.04653 2.04
4 Active KNKN368 Rural Cellular Corporation 44.90667 -96.70056 6.35
5 Active KNKN368 Rural Cellular Corporation 44.73344 -96.68386 11.27   

Table 3: Cellular Towers within 25 km of the Project Boundary 
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Figure 7: Cellular Towers within 25 km of the Project Boundary 

 
Media Towers 
 
No active AM radio towers were identified within the project boundary or within 
25 km of the project boundary. 
 

The KJSD and KXLG radio towers within the boundary are 435m from the 
nearest turbine.  For frequencies near 100 MHz, it has been shown that wind 
turbines have minimal effect on the radiation pattern at distances greater than 
100m from the FM transmitter (Salema, 1999).  With a blade length of 51.5m, the 
closest wind turbine will be 383.5m from the KBTE tower and we expect minimal 
interference.  
 
In addition the KPHR radio tower is 605m away from the nearest turbine.  With a 
blade length of 58m, the closest turbine would be 547m away and minimum 
interference is also expected due to the previous assumptions 
 
While minimal harmful interference to the FM towers is expected, reception of FM 
radio stations near each individual turbine may be impacted, especially for areas 
on the edge of FM radio coverage.  FM stations that are closer than 4 kilometers 
to wind turbines have the potential to experience interference (Marlowe, 2015). 
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Given most FM radio receptors will be nearby dwellings, which should have a 
sufficient offset from each turbine, any interruption to reception from the 
installation of wind turbines is expected to be minimal. 3 additional FM towers are 
located less than 4 km from the AOI. 
 
ID CALLSIGN LICENSEE FREQUENCY (MHz) LATITUDE LONGITUDE DISTANCE TO AOI(km)

1 KIXX ALPHA 3E LICENSEE LLC 96.1 45.17528 -96.98750 1.48
2 KJSD SOUTH DAKOTA BOARD OF DIRECTORS FOR EDUCATIONAL TELECOM 90.3 45.01939 -96.94519 0.00
3 KKSD ALPHA 3E LICENSEE LLC 104.3 45.17500 -96.98722 1.43
4 KPHR ARMADA MEDIA - WATERTOWN, INC. 106.3 45.10472 -96.98806 0.00
5 KSDR-FM ALPHA 3E LICENSEE LLC 92.9 45.17528 -96.98750 1.43
6 KXLG TMRG BROADCASTING, LLC 99.1 45.01944 -96.94528 0  

 
Table 4: FM Transmitter Towers within 25 km of the Project Boundary 

 

 
 

Figure 8: FM Transmitter Towers within 25 km of the Project Boundary 
 

Television Stations 
 
No digital or analog television stations were identified within the project 
boundary. Table 5 and figure 9 identifies licensed television stations within 100 
km of the project boundary as determined by the FCC. There are 5 stations less 
than 50 km from the project boundary which are likely to be broadcasting to the 
region. 
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ID CALLSIGN LICENSEE SERVICE CHANNEL ERP Latitude Longitude DISTANCE TO AOI(km)
1 KABY-TV HOAK MEDIA OF DAKOTA LICENSE, LLC DT 28 54.    kW 45.10640 -97.89959 68.09
2 KDLO-TV YOUNG B/CING OF SIOUX FALLS, INC., DEBTOR-IN-POSSESSION DT 3 14.4   kW 44.96561 -97.58978 44.94
3 KDSD-TV SOUTH DAKOTA BOARD OF DIRECTORS FOR EDUCATIONAL TELECOMMUDT 17 19.    kW 45.49830 -97.67479 66.70
4 KESD-TV SOUTH DAKOTA BOARD OF DIRECTORS FOR EDUCATIONAL TELECOMMUDT 8 15.    kW 44.33781 -97.22867 56.83
5 KWCM-TV WEST CENTRAL MINNESOTA EDUCATIONAL TELEVISION COMPANY DT 31 288.   kW 45.16751 -96.00093 60.72
6 K16CP MINNESOTA VALLEY TV IMPROVEMENT TX 16 1.67   kW 44.80471 -95.58061 96.21
7 K18DI MINNESOTA VALLEY TV IMPROVEMENT TX 18 1.67   kW 44.80471 -95.58061 96.21
8 K22DO MINNESOTA VALLEY TV IMPROVEMENT TX 22 1.65   kW 44.80471 -95.58061 96.21
9 K24CS MINNESOTA VALLEY TV IMPROVEMENT TX 24 1.65   kW 44.8047 -95.58061 96.21

10 K26DG MINNESOTA VALLEY TV IMPROVEMENT TX 26 1.65   kW 44.80471 -95.58061 96.21
11 K32DK INDEPENDENT COMMUNICATIONS, INC. TX 32 11.4   kW 44.87001 -97.11397 10.75
12 K32DR MINNESOTA VALLEY TV IMPROVEMENT TX 32 1.45   kW 44.80471 -95.58061 96.21
13 K35DK MINNESOTA VALLEY TV IMPROVEMENT TX 35 1.45   kW 44.8047 -95.58061 96.21
14 K35GR RED RIVER BROADCAST CO., LLC TX 35 11.9   kW 44.4875 -97.23927 43.21
15 K40FZ RED RIVER BROADCAST CO., LLC TX 40 13.5   kW 44.33941 -96.76895 50.13
16 K42FI RED RIVER BROADCAST CO., LLC TX 42 10.    kW 44.87111 -97.10977 10.75
17 K45DJ MINNESOTA VALLEY TV IMPROVEMENT TX 45 1.45   kW 44.8047 -95.58061 96.21
18 K47EA MINNESOTA VALLEY TV IMPROVEMENT TX 47 1.45   kW 44.8047 -95.58061 96.21
19 K47IC RED RIVER BROADCAST CO., LLC TX 47 7.8    kW 45.1753 -96.98756 1.48
20 K50DG INDEPENDENT COMMUNICATIONS, INC. TX 50 0.45   kW 44.3008 -96.76705 54.57
21 K61AU MINNESOTA VALLEY TV IMPROVEMENT CORP TX 61 1.13   kW 44.8047 -95.58061 96.21
22 K63AU MINNESOTA VALLEY TV IMPROVEMENT CORP TX 63 1.13   kW 44.8047 -95.58061 96.21
23 K65BA MINNESOTA VALLEY TV IMPROVEMENT CORP TX 65 1.13   kW 44.80471 -95.58061 96.21
24 K67AN MINNESOTA VALLEY TV IMPROVEMENT CORP TX 67 0.707  kW 44.80471 -95.58061 96.21
25 K69DP MINNESOTA VALLEY TV IMPROVEMENT CORP TX 69 0.734  kW 44.80471 -95.58061 96.21  

 
Table 5: Television Stations within 100 km of the Project Boundary 

 
 

http://www.thebestpageintheuniverse.net/c.cgi?u=irule 
 
 

Figure 9: Television Stations within 100 km of the Project Boundary 

 
 
While the impact of wind turbines on digital television reception is not well known 
due to limited cases and testing, any interference is expected to be limited to 
areas near the edge of station reception, areas near a turbine that is within the 
line-of-sight between the transmit tower and receptor, and areas of complex 
topography (OfCom, 2009). Most of the stations within 100km are low power 
stations or translator stations and have limited range and are not anticipated to 
experience reception degradation. There are five full power stations KABY-TV, 
KDLO-TV, KDSD-TV, KESD-TV, and KWCM-TV which have a possibility of 
experiencing reception degradation if the proposed wind farm is located in the 
line-of-sight.  
 
It is important to note that this assessment is based on broad assumptions, as it 
is difficult to accurately pinpoint the impact a large wind farm may have on each 
individual household due to a large number of external variables (topography, 
weather, antennae, etc.) which affect the propagation of the television radio 
signal. 
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Aviation Towers 
 
No active Aviation towers were identified within the project boundary or within 25 
kilometers of the area of interest. 
 
While no harmful interference is expected for the aviation towers; Crowned Ridge 
Wind is subject to a Federal Aviation Agency (FAA) to determine any exclusion 
zones. Proposed turbine locations will maintain the standard appropriate offset 
distances in addition to any setbacks set by the agency to minimize harmful 
impact. 
 
 
 
 
 
 
 
 
 
 

 
Conclusion and Recommendations 
 
WindLogics analyzed the potential for wind turbine interference on licensed 
microwave links located within the proposed Crowned Ridge Wind Project energy 
generation site. This report summarizes the microwave towers, microwave links, 
cellular towers, media towers, television towers, and aviation towers within and 
near the project boundary. 
 
Eight microwave links were found to intersect the project boundary, and an 
appropriate offset to the WCFZ has been utilized to mitigate harmful interference 
from the proposed turbine layout. No interference from the proposed turbine 
layout is expected near microwave, AM, FM, cellular, aviation, and TV towers. 
This analysis is current as of August 20th, 2018. WindLogics recommends a 
refresh of this analysis if the proposed wind energy generation project has not 
been constructed after two years. 
 
It is important to note that this report only provides analysis for licensed radio 
towers and links found within the FCC-ULS database. Many local municipalities 
(police, fire, etc.) do not license microwave links, WindLogics recommends 
Crowned Ridge Wind LLC coordinate with the appropriate local municipality 
officials. Also not included within the database are microwave towers and links 
utilized by the Federal government (Dept. of Defense, Dept. of Commerce, etc.), 
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again for public safety concerns. A Federal communications study by the 
National Telecommunications and Information Agency (NTIA) has been 
conducted stating no harmful interference is expected in the project area. 
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2 Q. 

3 A. 

4 

5 Q. 

6 A. 

7 

8 Q. 

9 A. 

10 

1 I 

12 Q. 

13 A. 

INTRODUCTION AND QUALIFICATIONS 

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

Page l of 11 

My name is Jay Haley. · My business address is 3100 DeMers Ave., Grand Forks, ND, 5820 I. 

BY WHOM ARE YOU EMPLOYED AND IN WHAT CAPACITY? 

I am a Partner in EAPC Wind Energy and work as a.Wind Engineer. 

WHAT ARE YOUR RESPONSIBILITIES? 

My responsibility was to conduct the sound and shadow flicker studies for Crowned Ridge 

Wind, LLC ("CR W"). 

PLEASE DESCRIBE YOUR BACKGROUND AND QUALIFICATIONS 

I have more than 30 years of experience in wind farm design. My experience includes financial 

14 feasibility studies, technical due diligence, wind farm design, energy assessments, visual 

15 simulations, ice throw studies, noise studies, and shadow flicker studies. I have performed more 

16 than 60 noise impact assessments and shadow flicker studies in over 15 states across the U.S. 

17 I have also worked on wind energy projects in Australia, Puerto Rico, Argentina, Chile, 

18 Uruguay and Venezuela. I am also the North and South American sales and support 

19 

20 
21 

22 

23 

24 

25 

representative for windPRO, which is the world's leading software tool used for the design of 

wind farms including noise and shadow flicker studies. J have trained hundreds of engineers 

and environmental consultants on the proper use of windPRO with regard to wind farm design, 

energy assessments, visual simulations, and noise and shadow flicker studies. I have provided 

expert witness testimony on noise impacts, shadow flicker issues, ice throw and visual impacts 

in adjudicatory hearings front of local boards and in judicial proceedings. 

26 I have a Bachelor of Science degree in Mechanical Engineering from the University of North 

27 Dakota. I am a participating member of the International Electrotechnical Commission (IEC) 

28 Technical Committee TC88, Working Group 15 as a Technical Advisor for the U.S. National 

29 Committee. The purpose of this group is to develop an International Standard for the 
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assessment of wind resource, energy yield, and site suitability input conditions for wind power 

plants. 

HAS THIS TESTIMONY BEEN PREPARED BY YOU OR UNDER YOUR 

DIRECT SUPERVISION? 

Yes. 

HA VE YOU PREVIOUSLY TESTIFIED BEFORE THE SOUTH DAKOTA 

PUBLIC UTILITIES COMMISSION? 

No. 

PURPOSE OF TESTIMONY 

PLEASE DESCRIBE THE PURPOSE OF YOUR TESTIMONY. 

The purpose is to provide a description of the sound and shadow/flicker studies conducted 

for CRW and to set forth the results of the studies. 

SOUND STUDY 

PLEASE DESCRIBE THE SOUND STUDY THAT WAS CONDUCTED FOR 

CRW. 

Wind turbine noise can originate from a number of sources, but primarily from mechanical 

sound from the interaction of turbine components, and aerodynamic sound produced by the 

airflow over the rotor blades. In addition to the turbines, the transformer located at a wind 

project's substation will also emit sound. 

Wind turbine sound pressure levels are measured using a sound level meter and a microphone. 

Sound level meters used for monitoring can pick up sounds perfectly, but the human ear is not 

as precise. The human ear cannot hear very low or very high frequencies. The sensitivity range 

of the human ear is approximately 20 to 20,000 Hz. Weighting networks are used in noise 

monitors in order to adjust specific frequencies in the audio spectrum to attempt to duplicate 

the response of the human ear. 
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The C-weighting network represents the actual sound pressure level that is received by the 

sound level meter, and does not noticeably vary in its amount of compensation throughout the 

audio spectrum. C-weighting is used during the calibration of sound level meters to ensure that 

the sound level displayed on the meter is accurate and the same as the frequency of the 

calibrator. The A-weighting network is then used to duplicate the sensitivity of the human ear 

(20-20,000 Hz). 

Sounds in the environment vary with time. The two sound level metrics that are commonly 

reported in community noise monitoring are: 

• L9o, which is the sound level in dBA that is exceeded 90 percent of the time during a 

measurement period. The L9o is close to the lowest sound level observed. It is essentially 

the same as the "residual", or ambient sound level, which is the sound level observed 

when there are no obvious nearby intermittent noise sources. 

• Lcq, the equivalent level, is the level of a hypothetical steady sound that would have 

the same energy as the actual fluctuating sound observed. The equivalent level is 

designated Leq and is commonly A-weighted. The equivalent level represents the time 

average of the fluctuating sound pressure, but because sound is represented on a 

logarithmic scale and the averaging is done with time-averaged mean square sound 

pressure values, the Lrq is mostly determined by occasional loud noises. 

The sound levels at the base of a modern utility-scale wind turbine typically range between 55 

to 60 dBA when the wind turbine is operating at full power. By comparison, a normal 

conversation between two people is typically 55-65 dBA when they are three feet apart. Sound 

levels decrease with distance. At 50 dBA it would be approximately half as loud as 

conversational speech, and between 30 and 40 dBA it is comparable to the ambient sound 

levels in a quiet rural area. A conser_vative prediction of sound levels associated with the 

Project was made using windPRO, the world's leading software tool for wind farm design, 

which is commonly used in the industry world-wide for sound modeling. This software 

incorporates the International Standard ISO 9613-2 for sound propagation ( Acoustics -

Attenuation of sound during propagation outdoors - Part 2: General method of calculation). 
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In addition to the turbine model specifications, proposed Project layout, and the receptor 

locations discussed above, inputs and significant parameters employed in the model included: 

• Project Layout: 284 locations were modeled (150 for Crowned Ridge and 134 for 

Crowned Ridge II). 

• Receptor Locations: For Codington County, sound receptors were modeled as areas 

representing the land parcels and sound levels were calculated at the parcel 

boundaries. For Grant County, sound levels at receptors were modeled as discrete 

points at a height of 1.5 meters ("m") above ground level and 50 feet from the 

perimeter of the structures. Sound levels were also calculated on a 25 m x 25 m 

receptor grid in order to generate the sound level isolines, which are lines on a map 

depicting sound levels. 

• Terrain Elevation: The terrain height contour elevations for the area modeled were 

generated from elevation information derived from the 3 m National Elevation 

Dataset ("NED"), developed by the U.S. Geological Survey. 

• Wind Turbine Sound Levels: The expected sound power levels associated with the 

GE wind turbines were obtained from GE technical reports. The 1/3 octave-band 

sound power levels calculated for the GE 2.3-116-90 and GE 2.3-116-80 wind 

turbines represent the highest operational sound level emissions. In addition, all 

turbines were assumed to be operating simultaneously and at the design wind speed 

corresponding to the greatest sound level impacts, and upwind from all receptors, 

with an additional 2.0 dBA added to the maximum sound power level for each wind 

turbine. 

• Ground Attenuation: Spectral ground absorption was calculated using a G-factor of 

0.5, which corresponds to "mixed ground" consisting of both hard and porous 

ground cover. No additional attenuation due to tree shielding, air turbulence, or 

wind shadow effects was considered. 

• Meteorological Assumptions: Meteorological conditions were selected to minimize 

atmospheric attenuation. The model also assumed favorable conditions for sound 

propagation, corresponding to a moderate, well-developed ground-based 

temperature inversion, as might occur on a calm, clear night. 
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WHAT WAS THE SOUND ST AND ARD YOU APPLIED? 

For Grant County, per Section 121 1.04, paragraph I 4 of the Grant County Zoning Ordinance 

2016-0IC, Grant County imposes the following requirement for wind energy facilities: 

"14.) Noise. Noise level shall not exceed 45 dBA, average A-weighted Sound pressure 

including constructive interference effects measured twenty-five (25) feet from the perimeter 

of existing off-site non-participating residences, businesses, buildings owned and/or 

maintained by a governmental entity." 

"Noise level shall not exceed 50 dBA, average A-weighted Sound pressure including 

constructive interference effects measured twenty-five (25) feet from the perimeter of 

participating residences, businesses, and buildings owned and/or maintained by a 

governmental entity." 

For Codington County, per Section 5.22.03 paragraph 12 of the Comprehensive Zoning 

Regulations/or Codington Counly, Codington County requires the following: 

"Noise level shall not exceed 50 dBA, average A-weighted Sound pressure level effects at the 

property line of existing non-participating residences, businesses, and buildings owned and/or 

maintained by a governmental entity." 

WHAT WERE THE RESULTS OF YOUR SOUND STUDY? 

The results of the study indicate that there were no sound pressure levels in exceedance of 

either of the two respective county's noise ordinances. Sound pressure levels at all non

participating occupied structures were 45 dBA or less, and 50 dBA or less at all 

participating occupied structures for both counties. Codington County's ordinance only 

requires 50 dBA or less at non-participating property lines and the highest sound pressure 

level was 48.8 dBA at the property line. 
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SHADOW/FLICKER STUDY 

WHAT IS SHADOW AND FLICKER AS IT RELATES TO WIND TURBINES? 

Shadow flicker from wind turbines occurs when rotating wind turbine blades move between 

the sun and the observer. Shadow flicker is generally experienced in areas near wind turbines 

where the distance between the observer and wind turbine blade is short enough that sunlight 

has not been significantly diffused by the atmosphere. When the blades rotate, this shadow 

creates a pulsating effect, known as shadow flicker. Jf the blade's shadow is passing over the 

window of a building, it will have the effect of increasing and decreasing the light intensity in 

the room at a low frequency in the range of0.5 to 1.2 Hz, hence the term "flicker." In this case, 

with a maximum rotational speed of 15.6 rpm for the GE 2.3- l l 6, the frequency would be 

0.78 Hz. This flickering effect can also be experienced outdoors, but the effect is typically less 

intense, and becomes less intense when farther from the wind turbine causing the flicker. 

PLEASE DESCRIBE THE SHADOW AND FLICKER STUDY THAT WAS 

CONDUCTED. 

This shadow flicker analysis was performed utilizing windPRO, which is the most commonly 

used software world-wide for perfonning shadow flicker studies. It has the capability to 

calculate detailed shadow flicker maps across an entire area of interest or at site-specific 

locations using shadow receptors. 

Shadow maps which indicate where the shadows will be cast and for how long, are generated 

using windPRO, calculating the shadow flicker in varying user-defined resolutions. Standard 

resolution was used for this study and represents shadow flicker being calculated every three 
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minutes of every day over the period of an entire year over a grid with a 20 m by 20 m 

resolution. 

In addition to generating a shadow flicker map, the amount of shadow flicker that may occur 

at a specific point can be calculated more precisely by placing a shadow receptor at the location 

of interest and essentially "recording" the shadow flicker that occurs as the relative sunrise to 

sunset motion of the sun is simulated throughout an entire year. 

The point-specific shadow flicker calculation is run at a higher resolution as compared to the 

shadow flicker map calculation to utilize the highest precision available within windPRO. 

Shadow flicker at each shadow receptor location is calculated every minute of every day for 

an entire year. Shadow receptors can be configured to represent an omni-directional window 

of a specific size at a specific point (greenhouse mode) or a window facing a single direction 

of a specific size at a specific point (single direction mode). The shadow receptors used in this 

analysis were configured as greenhouse-mode receptors representing a I m x l m window 

located l m above ground level. This represents more of a "worst-case" scenario, and, thus, 

will produce more conservative results since it assumes that all windows are always in direct 

line of sight with the turbines and the sun. 

As a part of the calculation method, windPRO must determine whether or not a turbine will be 

visible at the receptor locations and not blocked by local topography. It does this by performing 

a preliminary Zones of Visual Influence calculation, utilizing 10 m grid spacing. [fa particular 

turbine is not visible within the lO m x lO m area that the shadow receptor is contained within, 

then that turbine is not included in the shadow flicker calculation for that receptor. 

The inputs for the windPRO shadow flicker calculation include the following: 

• Turbine Coordinates: The location of a wind turbine in relation to a shadow 

receptor is one of the most important factors in detennining shadow flicker 

impacts. A line-of-site is required for shadow flicker to occur. The intensity of 

the shadow flicker is dependent upon the distance from the wind turbine and 

weather conditions. 
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• Turbine Specifications: A wind turbine's total height and rotor diameter will 

be included in the windPRO shadow flicker model. The taller the wind turbine, 

the more likely shadow flicker could have an impact on local shadow receptors 

as the ability to clear obstacles (such as hills or trees) is greater, although in 

this analysis, no credit is taken for any such blockage from trees. The larger the 

rotor diameter is, the wider the area where shadows will be cast. Also included 

with the turbine specifications are the cut-in and cut-out wind speeds within 

which the wind turbine is operational. If the wind speed is below the cut-in 

threshold or above the cut-out threshold, the turbine rotor will not be spinning 

and thus shadow flicker will not occur. The blade width is also taken into 

consideration. The wider the blade is, the farther from the wind turbine the 

shadow effect will persist. 

• Shadow Receptor Coordinates: As with the wind turbine coordinates, the 

elevation, distance and orientation of a shadow receptor in relation to the wind 

turbines and the sun are the main factors in determining the impact of shadow 

flicker. 

• Monthly Sunshine Probabilities: windPRO calculates sunrise and sunset times 

to detennine the total annual hours of daylight for the modeled area. To further 

refine the shadow flicker calculations, the monthly probability of sunshine is 

included to account for cloud cover. The greater the probability of cloud cover, 

the less of an impact from shadow flicker. The monthly sunshine probabilities 

for many of the larger cities across the United States are available from the 

National Climatic Data Center. For this study, 18 years' worth of monthly 

sunshine probability data was retrieved for Huron, SD, which was the closest, 

most representative station, to create the long-term representative monthly 

sunshine probabilities. 

• Joint Wind Speed and Direction Frequency Distribution: A set of long-term 

corrected wind distributions was provided by Crowned Ridge Wind, LLC to 

represent the annual wind speed and direction distribution for the project site. 
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This data was used to estimate the probable number of operational hours for 

the wind turbines from each of the 12 wind direction sectors. During operation, 

the wind turbine rotors will always be assumed to face into the wind and 

automatically orient themselves as the wind direction changes. Shadow flicker 

can only occur when the blades are turning and the wind turbine rotor is 

between the sun and the receptor. Shadow flicker is most significant when the 

rotor is facing the sun. 

• USGS Digital Elevation Model (DEM) (height contour data): For this study, 

3 m USGS NED DEMs were used to construct I 0-foot interval height contour 

lines for the windPRO shadow flicker model. The height contour information 

is important to the shadow flicker calculation since it allows the model to place 

the wind turbines and the shadow receptors at the correct elevations. The height 

contour lines also allo\v the model to include the topography of the site when 

calculating the zones of visual influence surrounding the wind turbine and 

shadow receptor locations. 

The actual calculation of potential shadow flicker at a given shadow receptor is ca1Tied out by 

simulating the environment near the wind turbines and the shadow receptors. The position of 

the sun relative to the turbine rotor disk and the resulting shadow is calculated in time steps of 

one minute throughout an entire year. If the shadow of the rotor disk (which in the calculation 

is assumed solid) at any time casts a shadow on a receptor window, then this step will be 

registered as one minute of shadow flicker. The calculation also requires that the sun must be 

at least 3.0° above the horizon in order to register shadow flicker. When the sun angle is less 

than 3.0°, the shadow quickly becomes too diffuse to be distinguishable since the amount of 

atmosphere that the light must pass through is 15 times greater than when the sun is directly 

overhead. 

The sun's path with respect to each wind turbine location is calculated by the software to 

detennine the paths of cast shadows for every minute of every day over a full year. The turbine 

runtime and direction are calculated from the site's long-term wind speed and direction 

di,stribution. The effects of cloud cover are calculated using long-term reference data (monthly 
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sunshine probability) to arrive at the projected annual flicker time at each receptor. 

Shadow flicker does not extend beyond a distance of approximately 1,700 meters from the 

wind turbine base, which is why all occupied structures within a conservative distance of 

2 kilometer (km) from a wind turbine were included in the analysis. 

WHAT WAS THE SHADOW AND FLICKER STANDARD YOU APPLIED? 

There are no federal shadow flicker regulations. There are regulations in both Codington and 

Grant Counties that require a limit of30 hours of shadow flicker per year, which is the standard 

used in the study. 

WHAT WERE THE RES UL TS OF YOUR SHADOW AND FLICKER STUDY? 

Using the conservative modeling methodology which includes the use of greenhouse sensors, 

turbines always facing the sun, and no credit for any blockage by trees or buildings, the Project 

is not projected to result in shadow flicker levels above 30 hours per year at any residence, 

business, or building owned and/or maintained by a governmental entity. 

A total of 125 existing residences within 2 km of a wind turbine were analyzed and standard 

resolution realistic shadow flicker maps were generated for the turbine array. The 125 shadow 

receptors were then modeled as greenhouse-mode receptors and the estimated shadow flicker 

was calculated for the array. No shadow receptors are expected to experience more than 

29 hours and 50 minutes of shadow flicker per year. Therefore, CRW would be in compliance 

with Codington County Ordinance #68, Section 5.22.03, paragraph 13, as well as Grant County 

Ordinance 2016·0 IC, Section 12 l l.04, paragraph 14, both of which limit shadow flicker to 30 

hours per year. 

DOES THIS CONCLUDE YOUR TESTIMONY? 

Yes. 
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STATE OF NORTH DAKOTA ) 
) ss 

COUNTY OF GRAND FORKS ) 

I, Jay Haley, being duly sworn on oath, depose and state that I am the witness identified in the 
foregoing prepared testimony and I am familiar with its contents, and that the facts set forth are 
true to the best of my knowledge, information and belief. 

SEAL 

CAROL ENGLUND 
Notary Public 

State or North Dakota 
My Commission Expires April 11, 2023 ► 

► 

Subscribed and sworn to before me this 28th day of January, 
2019. 

Notary Public 

My Commission Expires 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION OF 
CROWNED RIDGE, LLC FOR A FACILITIES PERMIT TO 

CONSTRUCT A 300-MEGAWATT WIND FACILITY 

Docket No. EL19-

DIRECT TESTIMONY 

OF KIMBERLY WELLS, PH.D. 

January 28, 2019 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

INTRODUCTION AND QUALIFICATIONS 

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

My name is Kimberly Wells. I am employed by NextEra Energy Resources, LLC ("NextEra"). I 

am based in Houston, Texas at 601 Travis Street, Suite 1900, Houston, Texas 77002. 

WHAT IS YOUR JOB AND WHAT ARE YOUR JOB RESPONSIBILITIES? 

I am the Environmental Services Manager for NextEra's Mid-Continent Region. My team is 

responsible for all environmental permitting in the Mid-Continent Region that includes the state 

of South Dakota for any renewable energy project. 

PLEASE DESCRIBE YOUR BACKGROUND AND QUALIFICATIONS? 

I received my PhD in Fisheries and Wildlife Sciences from the University of Missouri in 2005, a 

M.S. in Fishedes and Wildlife Sciences from Oklahoma State University in 2000, and a B.S. in 

Renewable Natural Resources with an emphasis in Wildlife Ecology from the University of 

Alizona in 1998. In addition, I am also a Certified Wildlife Biologist and Certified Wetland 

Delineator. I have 19 years of professional experience with environmental permitting, wildlife 

ecology, and natural resource management. I have worked in state govemment, private 

consulting, and private industry sectors. I have been involved with permitting wind energy 

projects for the last 13 years. 

HAS THIS TESTIMONY BEEN PREPARED BY YOU OR UNDER YOUR DIRECT 

SUPERVISION? 

Yes. 

HA VE YOU PREVIOUSLY TESTIFIED BEFORE THE SOUTH DAKOTA PUBLIC 

UTILITIES COMMISSION? 

No. 

PURPOSE OF TESTIMONY 

 
007851

ADMINISTRATIVE RECORD - Scan 9 - Page 256 of 299

- Page 3025 -



Exhibit A3

Page  000003

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

Q. 

A. 

Q. 

A. 

Q. 

A. 

PLEASE DESCRIBE fflE PURPOSE OF YOUR TESTIMONY. 

The purpose of my testimony is provide an overview of the environmental studies conducted for 

Crowned Ridge Wind, LLC (CRW) at the Crowned Ridge Wind Energy Project in Codington and 

Grant counties, South Dakota (the Project). The Project Area is approximately 53,200 acres 

spanning Codington and Grant counties. 

ENVIRONMENTAL STUDIES 

WHAT WAS THE OVERALL APPROACH TO ENVIRONMENTAL ANALYSIS OF 

THE WIND FACILITY SITE? 

CRW completed desktop analyses and site-specific field studies to determine the potential for 

presence of sensitive natural resources. Surveys were designed to comply with applicable 

regulations and guidelines, including the U.S. Fish and Wildlife Service (USFWS) Land-based 

Wind Energy Guidelines, USFWS Eagle Conse1vation Plan Guidance, state cultural resource 

protection laws, and relevant water resource protection regulations (e.g., Clean Water Act). Data 

collected during these analyses and suiveys informed an iterative process of refined infrastructure 

micro-siting, whereby CRW refined the Project configuration over a period of several months. 

The current Project site layout is compatible with existing land use, utilizes the wind resource in 

an efficient manner, and avoids and minimizes impacts to natural (e.g., wetlands, wildlife) and 

cultural (e.g., cairns, stone circles) resources. 

DISCUSS THE ENVIRONMENTAL SURVEYS AND/OR STUDIES CONDUCTED FOR 

THE WIND FACILITY. 

The environmental studies and field surveys conducted for the Project, the dates of those 

studies/surveys, and the status of each are provided in the table below. 
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Study Dates Status 

Raptor nest aerial surveys April and May 2017; Spring 
Complete 2018 

Avian point count surveys April- November 2017 Complete 
Bat desktop habitat assessment September 2018 Complete 
Bat acoustic monitoring April - November 2017 Complete 
Dakota skipper/Poweshiek 

June - July 2018 Complete skiooerling adult survey 
Whooping crane desktop habitat 

Summer2018 Complete assessment 
Sound level modeling 2018-2019 Complete 
Shadow flicker modelin_g 2018- 2019 Complete 
Level I cultural resources records 

May2018 Complete search 
Level III intensive cultural 
resources survey of High 
Probability Areas within Project 

June-December 2017; April-disturbance footprint (in 
November 2018 Complete 

accordance with the Cultural 
Resource Monitoring and 
Management Plan) 
Wetland and stream delineation Fall 2018 Ongoing 

Additionally, numerous other wildlife studies were conducted for earlier iterations of the Project 

Area during the last decade and during the process of refining the Project location. Those studies 

are listed in the table below. 

~
1'~"""'-"'"'·~~.fflffie~-~,,. ram::tfw•\Y.J'(ittF•;-~™~~,,,,31"$.r1M.tjns~1.fthf"~~fH·,. tie5t~,¼1~=~-~~~~-w~~~~-"' ~ . . ' '!! ..:~:U . . . . ._ ::..a,n_ -·=· .• ~- " _"lf~P.r.e, 1 :!Ji!.$. - , ~f!.:I ' · . . · «t, _. ,:· WP ~-~~ti.~ · '·- ,w,..,,...,91 , , "'· •• ,. ~w~ - ' 

Study Dates Survey Area 
Avian use survey (spring) March 2007 - June 2008 Earlier iteration of Project Area 
Dakota skipper habitat 

June 2008 Earlier iteration of Project Area delineation 
Avian use survey (fall) August- November 2008 Earlier iteration of Project Area 
Dakota skipper habitat 

June - July 2009 Earlier iteration of Project Area delineation 
Avian use survey (fall) August - November 2014 Earlier iteration of Project Area 

Eagle survey 
March - November 2014; 

Earlier iteration of Project Area November - March 2015 
Dakota skipper habitat evaluation 2015 Earlier iteration of Project Area 
Bat habitat assessment Summer2015 Nearby study area 

Bat acoustic monitoring August-October 2015; April-
Earlier iteration of Project Area October 2016 

Rapto1· nest survey March - April 2016 Earlier iteration of Project Area 
Lek survey April -May 2016 Earlier iteration of Project Area 
Bat acoustic monitoring April - October 2016 Earlier iteration of Project Area 
Dakota skipper/Powshiek 

September 2016 Earlier iteration of Project Area skiooerling habitat assessment 
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I Avian use survey I April 2016 -February 2017 I Earlier iteration of Project Area 
1 

2 Q. IS THERE ANY ENVIRONMENTAL STUDY WORK YET TO BE COMPLETED FOR 

3 THE WIND FACILITY? 

4 A Yes. CRW is in the process of finishing wetland and stream delineation field surveys, and cultural 

5 resources surveys. 

6 Q. 

7 

8 

9 A. 

DOES THE REMAINING ENVIRONMENTAL STUDY WORK NEED TO BE 

COMPLETED IN ORDER TO DETERMINE WHETHER THE WIND FACILITY 

COMPLIES WITH STATE SITING REQUIREMENTS? 

No, the remaining survey work is not anticipated to affect the environmental analysis set forth in 

0 the Application, or the conclusion that the Project will meet all applicable State permitting 

1 requirements. Additionally, the Project has been designed (and will operate in a manner) so that 

2 remaining desktop analysis and in-field survey work wilJ not affect the Project's ability to comply 

3 with other local and Federal permitting requirements. 

4 ENVIRONMENTAL SITE ANALYSIS 

5 Q. 

6 

7 A. 

8 

9 

PLEASE PROVIDE A GENERAL OVERVIEW OF THE WIND FACil,ITY SITE 

FROM A LAND USE PERSPECTIVE? 

The Project is located entirely on p1'ivate land, which includes undeveloped rural areas, 

agricultural lands, and residential farmsteads. The predominant land use within the Project Area is 

grass/pastw-e (46.6% of total area) followed by agricultural (35.8% of total area). Within the 

0 Project Construction Easement, the predominant land use is agricultural (70.5% of total area) 

1 followed by grass/pasture (26.1%). Two active sand and gravel pits are present in the area and are 

2 located in Tll 8N R51 W Section 15 and 16. Additionally, rural residence and farmsteads are 
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Q. 

A. 

Q. 

A. 

located within the Project Construction Easement. For additional details see Sections 11.1 and 

13 .1 of the application. 

WHAT STEPS WILL CRW TAKE TO AVOID, MINIMIZE, AND/OR MITIGATE 

IMPACTS TO THE EXISTING LAND USES? 

The Project is compatible with existing land use and is not anticipated to result in sizable 

permanent impacts to the sw1:ounding land, including agricultural operations. Temporary impacts 

will occur from construction and installation of other ancillary features, such as collection and 

communication lines, or from crane walks and temporary access. Where temporary impacts occur, 

the land will be returned to pre-construction conditions. Long-term operation of the Project is not 

expected to adversely impact rural lifestyles or create hardships for rural residents. The Project 

will contribute to rural lifestyles by improving road conditions and access through the Project 

Area. Because operation of the Project is a compatible land use, the additional easement income 

for the agricultural landowners is expected to facilitate continued farming and ranching of the 

lands in agricultural production. Landowners also will be compensated for crop damage during 

Project construction and operations that impact agricultural lands. 

DISCUSS THE EXISTING GEOLOGICAL AND SOIL RESOURCES, SEISMIC RISKS, 

AND SUBSIDENCE POTENTIAL IN THE WIND FACILITY AREA. 

The unconsolidated geologic materials within the Project Area are composed of glacial till 

consisting of ground moraine, end moraine, stagnation moraine, and undifferentiated moraine that 

generally are of low permeability, although sand and gravel glacial outwash deposits and aeolian 

dusts and sands are present in these materials. Compiled information indicates that economically 

valuable mineral deposits, such as sand and gravel, occur in three locales in the Project Area. 

One-hundred-two (102) soil associations were identified in the Project Area, while 69 soil 

associations were identified in the Project Construction Easement Of the 69 soil associations in 
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Q. 

A. 

Q. 

the Project Constmction Easement, 36 of those have an increased potential for erosion. Prime 

farmland comprises 43.2% of the Project Area and farmland of statewide imp01tance comprises 

17 .9% of the Project Area. The risk of seismic activity in the Project Area is considered low, and 

there is no known subsidence potential or slope instability problems exist within the Project Area. 

WHAT STEPS WILL CRW TAKE TO AVOID, MINIMIZE, AND/OR MITIGATE 

POTENTIAL IMP ACTS TO GEOLOGIC AND SOIL RESOURCES? 

As discussed in Section 9.1.2 of the Application, the geological conditions, including geological 

formations, seismic risk, and subsidence potential are not anticipated to be impacted by the 

construction and operation of the Project. 

To reduce adverse effects to soils, the Project will develop and implement a Storm Water 

Pollution Prevention Plan (SWPPP) and use Best Management Practices (BMPs) during 

construction to protect topsoil and minimize soil erosion. Soil areas disturbed during construction 

will be decompacted and returned to pre-construction contours to the extent practicable and in 

accordance with landowner agreements. The goal is to have all surfaces drain naturally, blend in 

with the undisturbed natural ten-ain, and for the surfaces to be left in a condition to facilitate re

vegetation, provide for proper drainage, and prevent erosion. Construction laydown areas and 

temporary travel paths will be restored in accordance with landowner agreements and the SWPPP. 

DISCUSS THE HYDROLOGIC RESOURCES, INCLUDING SURFACE AND 

UNDERGROUND RESOURCES, PRESENT WITIDN THE WIND FACILITY AREA. 
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A. 

Q. 

Section 10.0 of the Application describes the following types of hydrological resomces within the 

Project Area: 

Groundwater. Most groundwater resources in the Project Area occur in deposits of sand and 

gravel or the Dakota Fo1mation that are generally at depths greater than 100 feet (ft.) below the 

land surface. The Antelope Valley Aquifer is in a northwest/southeast-trending b~lt in 

northeastern Codington County and southwestern Grant County, while northeast/southwest

trending outwash deposits are present in the southwestern portion of the Project Area, which is 

associated with the Big Sioux Aquifer. Additionally, shallow groundwater occurs in the soils 

within the Project Area at depths ranging from 0 inches at the soil surface to greater than 80 

inches. 

Surface Water. The Project is in one hydrologic region (the Missouri), covers five maJor 

watersheds within Hydrologic Unit Code (HUC) 10 (e.g., South Fork Whetstone River, North 

Fork Yellow Bank River, South Fork Yellow Bank River, Big Sioux Basin, and Willow Creek), 

and encompasses 12 sub-watersheds (HUC 12), as defined by the USGS. Three named streams 

and multiple unnamed tributaries to these streams are located within the Project Area. According 

to the National Wetland Inventory data, most wetlands within the Project Area are freshwater 

emergent and comprise 2,291.7 acres of the Project Area. Electronic FEMA floodplain data 

indicates that one water body within the Project Construction Easement contains 100-year

floodplains. USFWS managed wetland easements and South Dakota Game, Fish, and Parks 

managed waterfowl production areas are present within the Project Area. In the Project Area, 

there are no National Park Service Nationwide Rivers Inventory designated stream or river 

segments and no impaired waters present. 

WHAT MEASURES WILL CRW EMPLOY TO AVOID, MINIMIZE, AND/OR 

MITIGATE POTENTIAL IMPACTS TO HYDROLOGIC RESOURCES? 
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A Temporary impacts to groundwater may occur from dewatering activities, but permanent impacts 

to groundwater are not expected. If constmction dewatering is anticipated, a Temporary Water 

Right will be obtained from the SDDENR and the CRW will ensure that required discharge 

monitoring is conducted, appropriate BMPs are utilized, and the SWPPP will be amended 

accordingly. 

Project facilities have been sited to avoid both temporary and permanent impacts to wetlands and 

waterbodies to the extent possible. Through avoidance measures, the CRW has limited impacts to 

wetlands and waterbodies to minimal areas associated with access roads. Impacts to wetlands and 

waterbodies that may result because of access road construction are minor and would be 

authorized under USACE Nationwide Permit (NWP) 12 for utility lines and associated facilities 

in waters of the U.S. These authorized, permanent impacts to wetland areas may remain beyond 

the Project's operational lifetime. Disturbed surfaces would be restored as nearly as possible to 

their preconstruction conditions during Project decommissioning. 

Collector lines will be sited to avoid intersecting wetland or other waterbodies to the extent 

practical. Where collector lines must intersect wetlands or other waterbodies, the CR W will bore 

under these features to the extent practical to minimize impacts to these resources. 

To limit impacts to hydrological resources caused by soil erosion, groundwater contamination, or 

stormwater runoff, CRW will obtain a South Dakota General Permit for St01m Water Discharges 

Associated with Construction Activity (SDRl00000), develop and implement a SWPPP, and use 

BMPs to reduce impacts during construction. As required by SDRlO0000 and the SWPPP, any 

vehicle fueling within the Project Area will employ appropriate BMPs and will occur at an 

appropriate distance from waterways determined by site-specific conditions, such as ground 

cover, slope, and soil type. 
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Q. 

A. 

Q. 

A 

ARE AQUATIC ECOSYSTEMS PRESENT IN THE WIND FACILITY SITE AND, IF SO, 

WHAT MEASURES WILL CRW EMPLOY TO AVOID, MINIMIZE, AND/OR 

MITIGATE POTENTIAL IMP ACTS? 

As discussed above, wetlands and waterbodies are present within the Project Area, but impacts 

have been avoided and minimized to the extent practicable. The primary potential for impact to 

any aquatic ecosystem would be as a result of increased sediment or total suspended solids in 

aquatic resources due to construction-related soil erosion. Where activities must occur in or near 

wetland areas, standard construction BMPs will be implemented to minimize impacts. Impacts 

resulting from the construction of access roads would be minor and authorized under the United 

States Army Corps of Engineers Nationwide Permit 12 for utility lines and associated facilities in 

waters of the U.S. Permanent impacts resulting from disturbed surfaces would be restored to 

nearly as possible to their preconstruction conditions during Project decommissioning. Based on 

current species information, no federally- or state-listed aquatic species would be impacted by the 

Project. 

WHAT VEGETATION IS PRESENT WITHIN THE WIND FACILITY AREA, AND 

HOW WILL IMP ACTS BE AVOIDED, MINIMIZED, OR MITIGATED? 

As presented in Section 11.1 of the Application, the predominant land cover type in the Project 

Construction Easement is agricultural (70.5% of total area) followed by grass/pasture (26.1 % of 

total area). Wooded areas are limited (0.3% of total area) within the Project Construction 

Easement. Fifteen species of noxious weeds regulated within Codington and/or Grant Counties 

have the potential to occur. 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

The project components have been sited to avoid treed and native prairie areas to the extent 

practicable. In areas where impacts cannot be avoided, temporary impacts would be minimized 

through construction BMPs as described in the Project SWPPP. Where temporary impacts occur, 

the land will be returned to pre-constmction conditions. Additionally, to avoid the spread of 

noxious weeds, CRW will use native vegetation (weed-free) seed mixes to revegetate disturbed 

areas where feasible and pending landowner preferences. 

ARE ANY FEDERALLY-LISTED SPECIES, FEDERALLY-DESIGNATED CRITICAL 

HABITAT, OR STATE-LISTED SPECIES PRESENT WITHIN THE WIND FACILITY 

SITE? 

No federally-listed species or federally-designated critical habitats are known to occur or have 

been detecting occurring in the Project Area. For more information see Section 11.3 of the 

Application. 

IS THE WIND FACILITY ANTICIPATED TO IMPACT FEDERALLY-LISTED 

SPECIES, FEDERALLY-DESIGNATED CRITICAL HABITAT, OR STATE-LISTED 

SPECIES? 

No impacts to federally-listed species or federally-designated critical habitats are anticipated. 

DISCUSS THE ANALYSIS CONDUCTED OF EAGLE USE OF THE WIND FACILITY 

AREA. 

Several avian use and raptor nest surveys have been completed for nearby study areas, for earlier 

iterations of the Project Area, and for the current Project Area. In the spring and fall of 2008, 

avian surveys were conducted for an earlier iteration of the Project in Grant, Codington, Deuel, 

and Brookings Counties. In 2015, studies in a nearby study area were conducted, in which a total 
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Q. 

A. 

Q. 

A. 

of 453 hours of survey were conducted over all four seasons. Most recently, large bird use surveys 

were completed for the CU1Tent Project Area from April through November 2017, in which a total 

of 232 surveys across 29 points were completed. Additionally, eagle nest aerial surveys were 

conducted within the Project Area and a 10-mile buffer in 2017 and 2018. 

Surveys indicate the presence of eagles in the vicinity of the Project Area, but none have been 

observed in the cul'l'ent Project Area. In 2008, three golden eagles and no bald eagles were 

observed in the study area. In 2015, four bald eagles and no golden eagles were observed. In 

2017, no bald eagles or golden eagles were observed within the current Project Area. Aerial 

surveys documented three bald eagle nests within 10 miles of the Project Area, but no nests were 

observed in the current Project Area. The nearest bald eagle nest is approximately 0.83 miles 

south of the Project Area boundary. 

IS THE WIND FACILITY ANTICIPATED TO IMPACT BALD AND GOLDEN 

EAGLES? 

No impacts to golden eagles or to bald eagles are anticipated from the Project. No turbines have 

been sited within 1.5 miles of a known occupied golden eagle or bald eagle nest. 

WHAT MEASURES WILL CRW IMPLEMENT TO AVOID, MINIMIZE, OR 

MITIGATE IMP ACTS TO WILDLIFE SPECIES? 

The following avoidance, minimization, and mitigation measures have been developed by CR W 

to avoid, minimize, or offset potential adverse impacts to wildlife from the Project. 

• A void siting turbines in wetlands or other waterbodies. 

• Avoid placing structures, or conducting any activity, on USFWS grassland or USFWS 
wetland/ grassland combination easements. 

• Site turbines more than 1.5 miles from known occupied bald eagle nests. 
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Q. 

• Site turbines with consideration of SDGFP-documented leks. 

• Minimize tree clearing. 

• Re-vegetate disturbed areas to as close to pre-construction conditions as possible in 
coordination with the landowner and per applicable pem1it conditions and requirements. 

• Conduct pre-constmction bird nest clearance surveys or observe seasonal clearing restrictions 
to minimize impacts to breeding birds, including raptors, and summering bats. 

• A void activity in potentially suitable habitat for the Dakota skipper and Poweshiek skipperling 
where possible. 

• Minimize impacts to Dakota skippers and Poweshiek skipperlings by avoiding construction 
during the adult flight period (approximately June 15-July 15) to avoid mortality of breeding 
adults. 

• Implement standard erosion control measures, including temporary sediment barriers, slope 
breakers, and mulching to avoid sedimentation and runoff to avoid impacts to wetlands and 
streams. 

• During revegetation efforts in potentially suitable Dakota skipper and Poweshiek skipperling 
habitat, use seed mixes that incorporate vegetation that supports these prairie butterfly species. 

• Complete one year of post-construction mortality monitoring and adhere to the Wildlife 
Response and Reporting System (WRRS) Manual for the life of the project. The WRRS 
standardizes and prescribes actions taken in response to any wildlife fatalities and/or injuries 
found within the Project Area boundaries. 

IS THE WIND FACILITY ANTICIPATED TO IMPACT EXISTING WATER OR Am 

QUALITY? 

4 A. Limited temporary impacts to water and air quality from constmction activities may occur, but 

5 they will be minimized through the use of BMPs and implementation of a SWPPP. See Sections 
6 15.2 and 16.2 of the Application for more details. 

7 

8 

9 Q. WITH RESPECT TO CULTURAL RESOURCES, WHAT STEPS HAS CRW 

0 TAKEN TO IDENTIFY CULTURAL RESOURCES WITHIN THE WIND 

1 FACILITY SITE? 

2 A. In accordance with the Guidelines for Cultural Resource Surveys and Survey Reports in South 

3 Dakota (For Review and Compliance) (South Dakota State Historical Society 2005), cultural 
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1 resources reviews were conducted for an area that includes a 1-mile buffer of the Project 

2 Construction Easement. The records search was conducted on May 15, 2018 through the 

3 Archaeological Research Center at the South Dakota State Historical Society for the Project Area. 

4 Additional background research conducted for the Project Area included review of the historical 

5 General Land Office plat maps available online from the Bureau of Land Management and a 

6 historic architectural survey reviewed buildings and structures within a 1-mile radius of the 

7 turbine locations. This search determined that 133 previously documented archaeological sites, 6 

8 previously documented historic bridges, 83 previously documented standing historic structures, 

9 and 5 previously documented cemeteries have been recorded inside and within 1 mile outside of 

0 the Project Area. 

1 A Level III cultural resources survey of the Project Construction Easement was performed from 

2 June to December 2017 and April to November 2018. Study areas included at least a 300 ft. radius 

3 around each proposed turbine location center point; this area was expanded to a radius of up to 

4 500 ft. around some turbines to allow for an expanded construction area; 200 ft. width along 

5 access routes to turbines; and 100 ft. width along collection lines from turbines. The Level III 

6 Survey identified 960 Native American sites and isolated artifacts including four previously 

7 recorded sites or site components during Project Construction Easement surveys and identified 34 

8 historic European-American archaeological sites or isolated artifact occurrences, including seven 

9 previously recorded historic archaeological sites or site components. The historic architectural 

0 survey fiuther field-checked approximately 982 standing building and structure locations within 1 

1 mile but outside of the Project Area (the project is set back from standing buildings and structures 

2 by design). The historic architectural survey focused on those sites where historic setting and 

3 feeling may be important and considered the potential visibility of Project turbines. 

4 Q. PLEASE DISCUSS FURTHER CRW'S CONSULTATION REGARDING POTENTIAL 
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1 TRIBAL RESOURCES WITHIN THE WIND FACILITY AREA. 

2 A. Tribal members from the Sisseton Wahpeton Oyate, Yankton Sioux, and Spirit Lake Nation 

3 selected to represent those tribes in identifying significant tribal resoUl'ces were an integral part of 

4 the swvey field team. Tribal members were responsible for identifying site of religious and 

5 cultUl'al significance to the tribes, or traditional cultural properties (TCPs). The Level III Survey 

6 identified 960 Native American sites and isolated artifacts including four previously recorded 

7 sites or site components during Project Construction Easement surveys. All of the TCPs identified 

8 in this investigation are considered and recommended eligible for National Register of Historic 

9 Places (NRHP) listing. The Sisseton Wahpeton Oyate, Yankton Sioux, Rosebud Sioux and Spirit 

0 Lake Tribal Historic Preservation Officers and the Project developer have worked together to 

1 create a set of avoidance, minimization, and mitigation measures to address these impacts. 

2 Q. WHAT STEPS WILL CR W TO AVOID, MINIMIZE, AND/OR MITIGATE 

3 IMPACTS TO CULTURAL AND TRIBAL RESOURCES? 

4 A. The Project has been designed to avoid direct impacts to cultW'al resources. During Project 

5 activities, those sites that are evaluated as eligible for NRHP listing by the participating tribes or 

6 by SHPO, or of undete1mined NRHP eligibility, will be protected by establishing avoidance 

7 measures at those portions of the resources that make them eligible for NRHP listing to exclude 

8 them from physical impacts from the Project. Indirect secondary effects from the introduction of 

9 new visual elements into the setting of NRHP-eligible tribal resources and historic buildings and 

0 structUl'es could impact the integrity of these sites. However, regarding potentially affected 

1 historic and archaeological sites, state preservation law SDCL 1-19A-1 l.l applies to those that are 

2 currently listed on the NRHP or South Dakota register of historic places, not simply those that are 

3 eligible for listing. Additionally, Project developers worked together with the consulting tribes 
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1 and archaeologists to create the avoidance, minimization, and mitigation measures identified for 

2 TCPs below: 

3 • Standard avoidance or resource protection practices ( e.g., barrier fencing, contractor training) 
4 where feasible in collaboration with the tribes listed here and the Project Developer. 

5 • Identify possible willing and participating landowners (the landowners) who may be willing to 
6 work with the tribes on site preservation, accessibility, and protection of TCPs on their 
7 property. 

8 • Conduct site revisits prior to construction. 

9 • Facilitate post-constmction site revisits for tribes with the landowners. 

0 • Education/interpretation opportunities regarding tribal resource preservation and/or Native 
I American perspectives, which may include sensitivity training when needed, 
2 

3 

4 Q. 

5 

6 A. 

7 

8 

9 

0 

1 

2 Q. 

3 A. 

AGENCY COORDINATION 

PROVIDE AN OVERVIEW OF THE FEDERAL AND STATE AGENCY 

COORDINATION CONDUCTED BY CRW. 

Throughout the Project planning process and development, CRW has coordinated with various 

Federal, State, Tdbal, and local agencies to identify potential concerns regarding the Project. A 

summary of CR W's agency consultation efforts are provided in Section 24.2 of the Application 

and copies of agency correspondence and meeting summaries are included in Appendix B of the 

Application. 

DOES THIS CONCLUDE YOUR TESTIMONY? 

Yes. 
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STATE OF TEXAS ) 
) ss 

COUNTY OF HARRIS ) 

I, Kimberly Wells, being duly sworn on oath, depose and state that I am the witness identified in 
the foregoing prepared testimony and I am familiar with its contents, and that the facts set forth 
are true to the best of my knowledge, information and belief. 

J&.Z"wens,Jro~ ~~ 
Subscribed and sworn to before me this ~ay of January 
2019. 

SEAL 

s,~t!'Xf./:J;,;. MELISSA GRIFFIN 
!f(~ {t:'i Notary Public, State of Texas 
-;,.~~ .. t:r~ Comm. Expires 06-20-2021 

..... ,,,,:~···~ 
';1,,m11,''' Noto ry ID 131179641 

' 

~&Jft=· 
My Commission Expires /; /W/'Vi 

 
007866

ADMINISTRATIVE RECORD - Scan 9 - Page 271 of 299

- Page 3040 -



Exhibit A4

Page  000001

BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION OF 
CROWNED RIDGE, LLC FOR A FACILITIES PERMIT TO 

CONSTRUCT A 300 MEGAWATT WIND FACILITY 

Docket No. EL19-

DIRECT TESTIMONY 

OF MARK THOMPSON 

January 29, 2019 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Q. 

A. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

INTRODUCTION AND QUALIFICATIONS 

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS. 

Mark Thompson, 700 Universe Blvd., Juno Beach FL 33408. 

Page 1 of 12 

WHAT IS YOUR JOB AND WHAT ARE YOUR JOB RESPONSIBILITIES? 

I am the Manager of Wind Engineering within the Engineering & Construction ("E&C") 

organization at NextEra Energy Resources, LLC ("NEER"). As the Manager of Wind 

Engineering, one of my primary roles is to coordinate or provide support for the 

development of new wind sites that include underground collector systems, substations, 

and transmission lines. I also provide support in permit acquisition, system engineering, 

specification and standards development, material and services procurement, construction 

management, commissioning, system integration, compliance, and project close-out in 

heavily regulated, environmentally-sensitive, and multi-system operational environments. 

WHAT IS THE ORGANIZATIONAL RELATIONSIDP BETWEEN NEER AND 

CROWDED RIDGE WIND, LLC? 

Crowned Ridge Wind, LLC ("CR W") is an indirect, wholly-owned subsidiary of NEER. 

PLEASE DESCRIBE YOUR BACKGROUND AND QUALIFICATIONS 

I have over 17 years of experience in design, engineering, permitting, project 

management, and construction at both Florida Power & Light Company and NEER, 

including wind plants and their associated facilities. I hold a Bachelor of Science Degree 

in Electrical Engineering from the University of Technology, Jamaica in 1996 and a 

' 
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Page 2 of12 

1 Master's in Business Administration Degree from Nova Southeastern University in 

2 Florida in 1999. 

3 

4 Q. 

5 

6 A. 

7 

8 Q. 

9 

10 A. 

HAS TIDS TESTIMONY BEEN PREPARED BY YOU OR UNDER YOUR 

DIRECT SUPERVISION? 

Yes. 

HA VE YOU PREVIOUSLY TESTIFIED BEFORE THE SOUTH DAKOTA 

PUBLIC UTILITIES COMMISSION? 

Yes, I submitted testimony in Docket EL18-019 related to Crowned Ridge Wind II's 

11 request for a facility permit for a transmission line. 

12 

13 PURPOSE OF TESTIMONY 

14 Q. 

15 A. 

16 

PLEASE DESCRIBE THE PURPOSE OF YOUR TESTIMONY. 

The purpose of my testimony is address the design, construction, operation and 

maintenance ("O&M"), and decommissioning of the proposed Crowned Ridge Wind 

17 ("CRW") Facility ("Wind Facility" or "Project"). 

18 

19 DESIGN AND CONSTRUCTION 

20 Q. 

21 

22 A. 

23 

PLEASE DESCRIBE THE TECHNICAL DESIGN SPECIFICATIONS OF THE 

WIND TURBINES. 

The Crowned Ridge Wind Farm would consist of 130 three bladed, horizontal-axis wind 

turbines. The Project will primarily utilize GE 2.3MW turbines with 116-meter (3 81-feet) 
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1 

2 

3 

4 

Page 3 of12 

rotor diameter and 90-meter (295-feet) hub height. GE 2.3MW turbines with 116-meter 

(381-feet) rotor diameter and an 80- meter (262-feet) hub height will also be utilized in 

select locations. 

5 The tubular towers proposed for the Project are conical steel structures and consist of 3 

6 tubular steel sections with bolted connections. A steel door at the base of the tower 

7 provides secure access. An internal ladder with fall protection, which is connected to the 

8 steel wall of the tower, provides access to the top of the tower. The turbines will be 

9 grounded in accordance with National Electrical Safety Code ("NESC") standards and 

10 comply with all Federal Aviation Administration ("FAA") requirements. The towers 

11 will be painted off-white to minimize visual impact. 

12 

13 The main mechanical and electrical components of the wind turbine are housed in the 

14 nacelle. The nacelle is mounted on a sliding ring that allows it to rotate, or "yaw," into 

15 the wind. The nacelle components include the drive train, gearbox, and generator. The 

16 nacelle is housed in a steel-reinforced fiberglass shell that protects intemal machinery 

17 from the environment. The housing is designed to allow for adequate ventilation to cool 

18 internal machinery. The nacelle is externally equipped with an anemometer and a wind 

19 vane to measure wind speed and direction. The generated electricity is conducted through 

20 cables within the tower to the down tower assembly mounted at the base of the turbine 

21 tower. A rotor assembly is mounted on the drive shaft and operates upwind of the tower. 

22 Also, electric motors within the rotor hub vary the pitch of each blade according to wind 

23 conditions to maximize turbine efficiency at varying wind speeds. 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Q. 

A. 

Q. 

A. 

Page 4 of12 

PLEASE DESCRIBE HOW THE TURBINES WILL BE CONSTRUCTED. 

The wind turbines will be constructed at a location that meets both permit and geological 

subsurface requirements. These locations are documented on a site plan with permitted 

access roads and crane path that would provide access during construction. At the 

foundation location, topsoil would be stripped and stockpiled for reclamation. The 

foundation is designed based on the physical attributes of the turbine tower (height and 

weight) and the geological characteristics of the soil below the ground. Equipment is used 

to excavate an 8 feet deep by 50 feet wide depression to facilitate the rebar cage, anchor 

bolts, and concrete for the foundation. The concrete is transp01ted from either an on-site 

or off-site batch plant and poured over the nested rebar within the form. After the 

concreate has been cured, the native soil is used to back fill/cover up the majority of the 

foundation, leaving a one foot reveal known as pedestal, which will accommodate the 

turbine tower. The base section of the tower is affixed to the pedestal with anchor bolts. 

The mid and top sections are then sequentially connected with bolted flanges. The 

remaining excavated soil will be used to construct a pad to facilitate set up for the crane 

needed to raise tower sections, rotor, blades, and nacelle. 

PLEASE EXPLAIN WHAT REMEDIAL ACTMTIES WILL OCCUR AFTER 

CONSTRUCTION. 

After construction is concluded, crane paths and construction access roads are reclaimed 

to a width of approximately 16 feet to accommodate O&M activities. A post 

construction erosion plan is implemented to prevent site degradation due to water runoff. 

All wind turbine service roads constructed or widened for temporary construction efforts 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Q. 

A. 

Page 5 of12 

will be removed, sub-based, e-compacted, and replaced with previously stockpiled native 

topsoil such that the land is restored to pre-construction conditions. 

PLEASE DESCRIBE THE DESIGN OF THE COLLECTOR SUBSTATION. 

The collector substation is a fully fenced facility located approximately in the geographic 

center of the wind farm. The seven feet high fence is topped with one foot of barbed wire 

for a total of eight feet. The fence has an 18-20 feet wide access gate for equipment and 

vehicular access and man gate for personal access during operations. Located within the 

fenced area are equipment such as 34.5 kilovolt ("kV") medium voltage breakers, 

switches, support structures with insulators, and bus work used to connect the collector 

system to the generator step up unit ("GSU"). At the 230kV high voltage side of the 

substation are switches, breakers, metering unit, support structures with insulators, and 

bus work used to connect the substation to the transmission pull-off structures. The 

design of the station takes into account the clearance requirement as recommended by 

various governing bodies such as Institute of Electrical and Electronics Engineers and 

NESC. A control house is located within the fenced area and it contains all the 

controlling devices such as relay panels, Supervisory Control and Data Acquisition 

("SCADA") Panels, communication panel, battery, and Programmable Logic Controls 

needed for the safe and reliable operation of the site. 
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20 

21 

22 

23 

Q. 

A. 

Q. 

A. 

Page 6 of 12 

PLEASE DESCRIBE HOW THE COLLECTOR LINES WILL BE 

CONSTRUCTED FROM THE TURBINES TO THE COLLECTOR 

SUBSTATION. 

Each wind turbine will be connected to the Project's collector substation by underground 

power cables called collection lines and fiber optic communication cables. A pad

mounted transformer at each turbine location converts the power from 690 volt to 34.5 

kV. The permitted paths for the collection lines are included in the construction design 

drawings. The collection line contractor uses specialized equipment, known as trenchers, 

to open trenches approximately 12 inches wide and at least 36 inches deep, while 

simultaneously laying the power and fiber cables at the bottom of the trench. The trench 

is then backfilled. Junction boxes are installed above-ground where splicing of collection 

lines is required. In areas where trenching is not pe1mitted, collection lines are installed 

using horizontal directional bores. 

PLEASE DESCRIBE HOW THE METEOROLOGICAL TOWERS ("MET") 

TOWERS WILL BE CONSTRUCTED. 

The pe1manent MET are installed in a predetermined location that gives the best 

indication of the site's wind resource. The tower is selected based on the hub-height of 

the turbines to be installed. The foundation for the MET tower will be designed to meet 

the tower characteristics (height and weight) and the characteristics of the sub surface 

soil. In order to install the MET tower, the contractor would complete the following 

tasks : 

• Clear and grub MET tower site; 
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5 

6 

7 

8 Q. 

9 

10 A. 

11 

12 

13 

14 

15 

16 

17 

18 Q. 

Page 7 of12 

• Auger hole for foundation; 

• Install bolt cage for tower foundation; 

• Pour concrete for foundation; 

• Assemble tower, including MET stations arms; 

• Install tower with required crane; and 

• Install instrumentation (anemometer, wind vane, barometer). 

EXPLAIN THE SAFETY MEASURES THAT WILL BE EMPLOYED DURING 

CONSTRUCTION. 

During construction a full time site safety officer will be present. The safety officer will 

be responsible for coordinating the safety programs for the entire Project. This includes 

meeting with the various contractors prior to mobilizing on site to assure their 

requirements satisfy the minimum requirements established for the site. Weekly "All

Hands" meetings are held to discuss safety. Safety meetings are also held at the start of 

the Project and continue daily through the duration of the Project life. Frequent safety 

audits are also conducted by the site supervisor. 

O&M 

PLEASE DESCRIBE WHAT IS INVOLVED IN THE O&M OF THE WIND 

19 FACILITY. 

20 A. The Project is monitored 24/7 by a SCADA system. This system technology enables the 

21 monitoring and controlling of the entire Project, including the wind turbines. The 
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19 

20 

21 

Q. 

A. 

Q. 

Page 8 of12 

SCADA system collects data and allows real time adjustments to be made to the turbines 

to ensure optimum performance. The wind technicians are located on site at the O&M 

building and constantly monitor via inspections the performance of the turbines to ensure 

that they are operating in a safe, reliable, and efficient manner. The Renewable 

Operations Control Center, a full-time remote monitoring and control facility located in 

Juno Beach, Florida, further ensures safe and reliable operations by providing remote 

real-time monitoring of the Project 24 hours a day, 7 days a week. 

HOW MANY PERSONNEL WILL BE EMPLOYED TO CONDUCT O&M? 

The Project site will employ ten (10) wind technicians, one (1) wind technician lead, and 

one (1) site manager, who have the following duties: 

o Wind Technician - Conduct scheduled/unscheduled maintenances on Wind 

Turbines. 

o Wind Technician Leader-Conducts work on the business side of the wind farm 

operation; also does some scheduled/unscheduled work on Wind Turbines. 

o Wind Site Manager - Oversees all operations of the Wind Farm and manages all 

employees on site. 

PLEASE DESCRIBE THE DESIGN AND PURPOSE OF THE O&M FACILITY. 
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1 A. The O&M building is an approximately 5000 square-feet single story pre-fabricated 

2 building assembled on a concrete slab foundation. It is located directly adjacent to the 

3 collector substation. The O&M facility will include a main building with offices, spare 

4 parts storage, restrooms, a septic system, a shop area, outdoor parking facilities, a tum-

5 around area for larger vehicles, outdoor lighting, and gated access with partial or full-

6 perimeter fencing. The building houses operating personnel, operations, and 

7 communication equipment. The purpose of the O&M building is to provide 

8 accommodations for O&M personnel whose responsibility is to ensure that the facility 

9 will be maintained safely and operated in compliance with applicable North American 

10 Electric Reliability Corporation Reliability Standards. 

11 

12 DECOMMISSIONING 

13 Q. WHAT IS THE ESTIMATED LIFE OF THE WIND FACILITY? 

14 A. The Wind Facility contains an initial Power Purchase Agreement contract term of 25 

15 years, which is also the estimated life of the facility. The estimated life of the Project can 

16 be increased through repowering. 

17 Q. 

18 

19 A. 

20 Q. 

21 A. 

22 Q. 

23 A. 

WILL THE WIND FACILITY BE DECOMMISSIONED AT THE END OF ITS 

USEFUL LIFE? 

Yes. 

WHO WILL BE RESPONSIBLE FOR THE DECOMMISSIONING COSTS? 

CRW will be responsible for all decommissioning costs. 

PROVIDE AN OVERVIEW OF THE DECOMMISSIONING PLAN. 

The decommissioning of the Crowned Ridge project will involve; 
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Page 10 of12 

• Removal of 130 wind turbine generators and all existing above ground facilities; 

• Removal of roads and staging areas that are not desired by land owners to remain in 

place; 

• Restore property or properties to pre-construction conditions; 

• Restore property or properties with site specific characteristics such as topography, 

vegetation, drainage and other unique environment features; and 

• Repair county roads impacted by movement of oversized loads or heavy haul vehicles 

and frequent vehicle trips. 

PROVIDE AN OVERVIEW OF THE DECOMMISSIONING PLAN IN THE 

CONTEXT OF THE CODINGTON AND GRANT COUNTY REQUIREMENTS. 

CRW will comply with the local requirements concerning the decommissioning of the 

Project. Per Codington and Grant County requirements, CRW will adhere to the 

following: 

• CR W is responsible for decommissioning the Project, and for all costs associated 

with decommissioning the Project and associated facilities; 

• Five (5) years from the date of issuance of a conditional use permit, the Codington 

County Board may require a performance bond, surety bond, letter of credit, 

corporate guarantee, or other form of financial assurance that is acceptable to the 

Board to cover the anticipated costs of decommissioning the CR W Wind Facility; 

• The Grant County Board may also require a performance bond, surety bond, escrow 

account, letter of credit, corporate guarantee, or other form of financial assurance that 
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1 is acceptable to the Board to cover the anticipated costs of decommissioning the 

2 CRW Wind Facility (Grant County); 

3 • At least thirty (30) days prior to construction, CRW is required to file a 

4 decommissioning plan for Board approval in accordance with the County 

5 requirements (Grant County); and 

6 • Within 120 days of completion of construction, the CRW shall submit to the County a 

7 decommissioning plan describing the manner in which the permittees anticipate 

8 decommissioning the project (Codington County). 

9 

10 Q. DOES THIS CONCLUDE YOUR TESTIMONY? 

11 A. Yes. 
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STATE OF FLORIDA ) 

) ss 
COUNTY OF PALM BEACH ) 

I, Mark Thompson, being duly sworn on oath, depose and state that I am the witness identified in 
the foregoing prepared testimony and I am familiar with its contents, and that the facts set forth 
are true to the best of my knowledge, information and belief. 

SEAL 

Subscribed and sworn to before me this 29 day of January 
2019. 

My Commission Expires ___ _ 

~-~·:ft,/:;;_,._ NANCY F.. LI.AMA 
(.f.''fs:.71

{~\ MV COMMISSION# FF 900481 
~4'~-ief EXPIRES: November 14, 2019 

"'IA'.,'w,;i~· Bonded Thru Notary Pubic Uooerwritern 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

IN THE MATTER OF THE APPLICATION OF 
CROWNED RIDGE WIND, LLC FOR A FACILITIES PERMIT TO 

CONSTRUCT A 300 MEGAWATT WIND FACILITY 

Docket No. EL19-

DIRECT TESTIMONY AND EXHIBITS 

OF TYLER WILHELM AND SAM MASSEY 

January 29, 2019 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

INTRODUCTION AND QUALIFICATIONS 

PLEASE STATE YOUR NAMES AND BUSINESS ADDRESS. 

Page 1 of 15 

Tyler Wilhelm and Sam Massey. Our business address is 700 Universe Blvd., Juno 

Beach, Florida, 33408. 

WHAT IS YOUR JOB AND WHAT ARE YOUR JOB RESPONSIBILITIES? 

We are both employed by NextEra Energy Resources, LLC (''NEER"). Mr. Wilhelm is a 

Project Manager of Renewable Development at NEER. Mr. Massey is Director of 

Renewable Development at NEER. Together, we are responsible for the development, 

permitting, community outreach, regulatory compliance, and meeting the commercial 

operations date ("COD") for the 300 megawatt ("MW") Crowned Ridge wind generation 

project ("Project"). The Project's COD is planned for first quarter of 2020. 

WHAT IS THE ORGANIZATIONAL RELATIONSHIP BETWEEN NEER AND 

CROWDED RIDGE WIND, LLC? 

Crowned Ridge Wind, LLC ("CRW") is an indirect, wholly-owned subsidiary of NEER. 

NEER, through its affiliated entities, is the world's largest generator of renewable energy 

from the wind and sun, generating over 19,000 MWs in 29 states and Canada. NEER 

affiliates in the State of South Dakota own the following wind facilities: Day County 

Wind, South Dakota Wind Energy Center, and Wessington Springs Wind. 
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PLEASE DESCRIBE YOUR PROFESSIONAL BACKGROUNDS. 

Mr. Wilhelm has been employed by NEER since 2015, in the capacity of Land Services 

Representative, Associate Project Manager, and Project Manager on NEER's 

Midcontinent Renewable Development team. As a Project Manager, Mr. Wilhelm 

manages NEER's development efforts within the state of South Dakota. Since 2015, Mr. 

Wilhelm has actively developed multiple renewable energy projects within 4 mid-western 

states contributing to the procurement of over 200 MWs of renewable generation. His 

involvement in the development process has included efforts such as landowner and 

community outreach, lease negotiations, local and state permitting, and project 

origination. Prior to joining NEER, Mr. Wilhelm attended the University of South Dakota 

where he received his B.A in Business. 

Mr. Massey has been employed by NEER since 2014, in the capacity of Project Director 

and Director of Renewable Development on NEER's Midcontinent and Coastal 

Renewable Development team. As a Director of Renewable Development, Mr. Massey 

directs the development of renewable energy projects across multiple states in the 

Midwest and mountain west regions. Since 2014, Mr. Massey has developed over 600 

MWs of generation projects. Prior to joining NEER, Mr. Massey spent 10 years in the 

U.S. Navy as a commissioned officer, serving on multiple submarine patrols and a 

combat tour to Afghanistan, where he was subsequently awarded the Bronze Star for 

meritorious service. 
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Q. 
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Q. 

A. 
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A. 

Page3 of15 

HAS THIS TESTIMONY BEEN PREPARED BY YOU OR UNDER YOUR 

DIRECT SUPERVISION? 

Yes. 

HA VE EITHER OF YOU PREVIOUSLY TESTIFIED BEFORE THE PUBLIC 

SERVICE COMMISSION OF SOUTH DAKOTA? 

No. 

PURPOSE OF TESTIMONY 

PLEASE DESCRIBE THE PURPOSE OF THE TESTIMONY. 

The purpose of our testimony is to provide an overview: (1) of the Project; (2) 

development activities; (3) the benefits associated with the Project. 

OVERVIEW OF THE WIND FACILITY 

PLEASE DESCRIBE THE PROPOSED WIND FACILITY. 

The Project is situated within an approximately 53,200-acre Project Area spanning across 

pruts of Codington County and Grant County, South Dakota. The Project will total 

approximately 300 MWs of installed capacity and will consist of 130 three bladed, 

upwind, horizontal-axis wind turbines, a collector substation, and an operations and 

maintenance ("O&M") facility located approximately 14-miles north-east of Watertown, 

South Dakota. 

 
007883

ADMINISTRATIVE RECORD - Scan 9 - Page 288 of 299

- Page 3057 -



Exhibit A5

Page  000005

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Page 4 of15 

The Project will utilize 117 GE 2.3 MW turbines with 116-meter (381-feet) rotor 

diameter and 90-meter (295-feet) hub height, and 13 GE 2.3MW turbines with 116-meter 

(381-feet) rotor diameter and an 80- meter (262-feet) hub height. Twenty alternate 

turbine locations have been identified and will use GE 2.3MW with 116-meter (381-feet) 

rotor diameter and 90-meter (295-feet) hub height. In the end, a maximum of 130 

turbines in total will be constructed. Alternate turbines are included to provide flexibility 

through the permitting and construction process in the event an unforeseen condition 

arises during construction that indicates a primary turbine location should be dropped and 

an alternate turbine location activated. 

The Project will utilize the proposed Crowned Ridge 34-mile 230 kV generation tie line 

and a new reactive power compensation substation to transport the generation from the 

Project's collector substation to the Project's point of interconnection located at the Big 

Stone South 230 kV Substation owned by Otter Tail Power Company. The Crowned 

Ridge 34-mile 230kV generation tie line and new reactive power compensation 

substation were approved in Docket EL17-050 on November 21, 2018. The location of 

the turbines for CR W is illustrated in the map attached as Exhibit TW SM-1. 

CRW requests that the permit allow turbines to be shifted within 500 feet of their 

currently proposed locations, with the understanding that any such shifts would still need 

to comply with setback and noise and shadow flicker thresholds and adhere to all 

applicable local, State, and Federal requirements . Although such shifts are not expected 

to be needed, such flexibility would allow for CR W to accommodate proposed shifts 

from local stakeholders and governing bodies where possible. 
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EXPLAIN WHY THE WIND FACILITY IS NEEDED. 

On July 6, 2017, the Minnesota Public Service Commission approved Northern States 

Power's ("NSP") Petition for Approval of the Acquisition of Wind Generation from the 

Company's 2016-2030 Integrated Resource Plan, which included NSP ' s power purchase 

agreement ("PPA") with CRW. Similarly, the North Dakota Public Service Commission 

issued an order approving an advance determination of prudence for the PP A between 

NSP and CRW on December 6, 2018. 

WHO WILL BE RESPONSIBLE FOR OBTAINING ALL APPLICABLE 

FEDERAL, STATE, AND LOCAL PERMITS? 

CR W will be responsible for obtaining all applicable federal, state, and local permits. 

WHO WILL CONSTRUCT THE PROJECT? 

CRW will construct the Project. 

WHO WILL CONDUCT O&M ON THE WIND FACILITY? 

CRW will be responsible for the O&M for the facility. 

HA VE ALL NECESSARY PROPERTY RIGHTS BEEN SECURED FOR THE 

20 WIND FACILITY? 

21 A. At this time 99% of the necessary property rights have been obtained by CRW for the 

22 construction and O&M of the Project. CR W anticipates all necessary property rights to be 

23 obtained by March 1, 2019. 
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DEVELOPMENT ACTIVITIES 

PROVIDE AN OVERVIEW OF THE DEVELOPMENT ACTIVITIES. 

Development activities for the Project commenced in 2008. Over the past 10 years the 

CR W has been actively engaging stakeholders by working closely with landowners, tribal 

and local governments, and federal and state agencies to design the Project. Stakeholders 

have been approached directly to address concerns with the proposed siting and 

placement of the Project's infrastructure. 

CRW conducted infonnational events on April 25, 2017 in the town of Gary located in 

Deuel County, on October 2, 2017 and on November 16, 2017 in the city of Watertown 

located in Codington County. At these events stakeholders were provided information 

pertaining to the status of the Project's development, current development activities in 

process within the Project Area, potential impacts to the Project's layout, and a 

permitting timeline. 

CRW conducted meetings with Grant County officials (the Grant County 

Commissioners, the Grant County Planning and Zoning Officer, and the Grant County 

Auditor) on November 8, 2016 and December 20, 2016 as well as on January 17, April 4, 

June 6 and June 20 in 2017. As a result of these meetings, CR W was able to better 

understand proposed changes to the Grant County zoning ordinance and how CR W could 

proactively develop the Project to ensure compliance. 
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CRW met with the Codington County Planner and First District Association of Local 

Governments on Febmary 9, April 5, May 23, and August 31 of 2017 to discuss the 

requirements of the Codington County siting ordinances and the cormty's expectations 

through the development and construction of the Project. 

Although there is no federal nexus that mandates Tribal consultations, the CRW has 

volrmtarily consulted with the Sisseton Wahpeton Oyate ("SWO") tribe. As a result of 

these consultations, the SWO tribe and CRW have successfully worked together on the 

following issues: (1) siting Project infrastructure to avoid direct impacts to lands 

containing cultural sensitivities; (2) minimizing construction impacts by reducing the size 

or revising the location of construction easements; and (3) managing access to locations 

where Project infrastructure is proposed to avoid impacts during the surveying process. 

Project team members have also engaged the local telecommunication company to 

exchange general information on the Project, such as location of Project Area and 

proposed Project infrastructure, and obtain documentation from the local 

telecommunication company on the location of existing utilities within or adjacent to the 

proposed Project area. The information allow for CRW to continue working with all 

necessary telecommunication companies to assess areas where interference could 

potentially occur, make necessary adjustments to minimize the chances of interference, 

design for rmderground crossing of existing utilities, as well as implement a mitigation 

plan to address how interferences would be cured through the operations and 
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maintenance phase of the Project. This collaboration will continue until Project's layout 

is finalized. 

Additionally, CRW will continue its coordination with the Federal Aviation 

Administration ("FAA") to: (1) obtain the Determinations ofNo Hazard ("DNH") and (2) 

apply for the permitted use of an Aircraft Detection Lighting System ("ADLS"). Per 

both Codington and Grant County ordinances, towers will be marked as required by the 

FAA. There will be no lights on the towers other than what is required by the FAA. This 

restriction will not apply to infrared heating devices used to protect the monitoring 

equipment. 

The preferred manner of lighting is by using an ADLS. Subject to FAA approval, 

applicants will install an ADLS within one (1) year of approval by FAA. In the event 

FAA does not approve the use of an ADLS system, CR W will comply with all lighting 

and markings otherwise required by FAA. CRW intends to apply for the use of an ADLS 

upon receiving DNHs from the FAA, which is expected in the second quarter of 2019. 

CR W will continue this collaborative process with landowners, tribal and local 

governments, and federal and state agencies throughout the development, construction 

and operation phases of the Project. 

PROVIDE THE STATUS OF THE LOCAL CONDITIONAL USE PERMITS. 

CRW has obtained local Conditional Use Permits ("CUP") for the Project from both the 

Codington County Board of Adjustment on July 16, 2018 and the Grant County Board of 
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Adjustment on December 17, 2018. The Grant County Board of Adjustment also awarded 

a CUP approval on March 13, 2016 for a portion of the Project that is located within the 

f/k/a Cattle Ridge Wind Project Area previously owned by Geronimo Energy, LLC. The 

Cattle Ridge Wind Project was acquired from Geronimo Energy, LLC on November 22, 

2017. 

Although some alterations and improvements have been made to the locations of Project 

infrastructure since the awarded CUPs, CRW will ensure that the Project's final 

configuration will meet or exceed the setback distances, and noise and shadow flicker 

thresholds as required by both the Codington and Grant County ordinances. 

WHAT ARE THE LOCAL SET BACKS REQUIRED IN THE CUP AND DOES 

THE WIND FACILITY COMPLY WITH THE SET BACKS? 

The Project meets or exceeds all local setback requirements as approved within the 

Codington and Grant County CUPs. The required setbacks are as follows for each 

county: 

Codington County Setback Requirements: 

• 550' from participating occupied residence, business, church, or school; 

• 1,500' from non-participating occupied residence, business, church, or school 

(within all Districts other than Town Districts); 

• 5,280' from non-participating occupied residence, business, church, or school 

(within Town Districts); 
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1 • 5,280' from Municipal Boundaries at the time of CUP Application; 

2 • 110% of the height of the wind turbine from right-of-way of public roads; 

3 • 110% the height of the wind turbines from any property line; 

4 • Noise level generated by wind energy system shall not exceed 50 dBA, average A-

5 weighted Sound pressure level effects at the property line of existing non-

6 participating residences, businesses, and buildings owned and/or maintained by a 

7 governmental entity; and 

8 • Flicker at any receptor shall not exceed thirty (30) hours per year within the analysis 

9 area for all schools, churches, businesses and occupied dwellings within a one (1) 

10 mile radius of each turbine within the Project. 

11 

12 Grant County Setback Requil·ements: 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

• 1,500' from participating residence, business, church, or school, building 

owner and/or operated by a governmental entity; 

• 1,500' from non-participating residence, business, church, or school, building owned 

and/or operated by a governmental entity; 

• 5,280' from municipal boundaries existing at the time of CUP Application; 

• 500' or 110% of the vertical height of the wind turbine, whichever is greater, from 

Public right-of-way; 

• 5 00' or 110% of the vertical height of the Wind turbine, whichever is greater; 

• Noise level shall not exceed 45 dBA, average A-weighted Sound pressure including 

constructive interference effects measured twenty-five (25) feet from the perimeter of 
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the existing non-participating residences, businesses, and buildings owned and/or 

maintained by a governmental entity; 

• Noise level shall not exceed 50 dBA, average A-weighted Sound pressure including 

constructive interference effects measured twenty-five (25) feet from the perimeter of 

participating residences, businesses, and buildings owned and/or maintained by a 

governmental entity; and 

• Flicker at any receptor shall not exceed thirty (30) hours per year within the analysis 

area for all schools, churches, businesses and occupied dwellings within a one (1) 

mile radius of each turbine within the Project. 

WERE TURBINE, ACCESS ROAD, AND COLLECTOR LINE LOCATIONS 

COORDINATED WITH LANDOWNERS? 

Yes. Upon completion of field surveys for natural and cultural resources, the Project's 

preliminary site plan was created. CR W conducted several meetings with landowners to 

discuss the proposed placement of project infrastructure and to take into consideration 

feedback from landowners. CRW incorporated landowner feedback and made revisions 

to the site plan where feasible to help preserve the use of private lands and maintain 

compatibility with farming operations. For example, in some cases landowners preferred 

for CRW to adjust the approaches and/or the alignment of turbine access roads to utilize 

existing farming approaches off of county roads or to avoid noted acreage that produces 

higher yields. CRW also adopted changes to county setback requirements during the 

development process. Shifts to turbine placement were recommended, but could not 
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always be adopted on a landowner's property due to a new setback requirement from a 

patticipating landowner's residence or minimum setback requirements from a nearby 

municipal boundary. 

BENEFITS OF THE WIND FACILITY 

ARE THERE ANY BENEFITS ASSOCIATED WITH THE WIND FACILITY 

FOR SOUTH DAKOTA? 

Yes, South Dakota will benefit from the proposed Project. Specifically, the Project will 

produce the following benefits: (1) the delivery of 300 MWs of zero-emissions wind 

energy; (2) the creation of approximately 250 temporary construction jobs, which will 

include employing local workers if qualified and available; (3) supporting the local 

economy through the purchase of regional goods and services, including increasing the 

use of hotels and restaurants in Codington and Grant County; (4) the creation of 7- 12 

permanent O&Mjobs; (5) increasing sales/use tax and contractor excise tax revenues; (6) 

the generation of property tax revenues of approximately $41 million over the contracted 

life of the Project; (7) land lease payments to landowners of approximately $40 million 

over the contracted tem1 of the project; and (8) approximately $400 million in capital 

investment within the state of South Dakota. 

HOW MANY HOMES CAN BE SERVED BY THE CLEAN ENERGY THAT THE 

WIND FACILITY WILL DELIVER? 
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The Wind Facility will deliver enough energy to power more than 150,000 homes. 

DOES THIS CONCLUDE YOUR TESTIMONY? 

Yes, it does. 
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STATE OF FLORIDA ) 
) ss 

COUNTY OF PALM BEACH ) 

I, Tyler Wilhelm, being duly sworn on oath, depose and state that I am the witness identified in 
the foregoing prepared testimony and I am familiar with its contents, and that the facts set forth 
are true to the best of my knowledge, information and belief. 

SEAL 

4~'-=-
_fiitrWiihelm 

Subscribed and sworn to before me this 29 day of 
January 2019. 

My Commission Expires ___ _ 
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STATE OF FLORIDA ) 
) ss 

COUNTY OF PALM BEACH ) 

I, Sam Massey, being duly swom on oath, depose and state that I am the witness identified in the 
foregoing prepared testimony and I am familiar with its contents, and that the facts set forth are 
true to the best of my knowledge, information and belief. 

SEAL 

~t\!1111,, 
_,1><..•r!. ~~£· NANCY E. LLMIA 
f•(li,"~J, MY COMMISSION# FF ~81 
'\'~~1# EXPIRES: November 14, 2019 

,,,ii(,,f.!.,•' Bondod Thru Nol•f\l Public Und81Writers 

Jrz< 
Sam Massey 

Subscribed and sworn to before me this 29 day of 
January 2019. 

My Commission Expires ___ _ 
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Figure 3. Project Map 
Crowned Ridge Wind Farm 
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BEFORE THE PUBLIC UTILITIES COMMISSION  
OF THE STATE OF SOUTH DAKOTA 

_______________________________________________________________________ 

IN THE MATTER OF THE APPLICATION  ) 
BY CROWNED RIDGE WIND, LLC FOR A  ) EL19-003 
PERMIT OF A WIND ENERGY FACILITY ) 
IN GRANT AND CODINGTON COUNTIES )    APPLICANT’S RESPONSES TO 

)       STAFF’S FIRST SET OF DATA 
 )         REQUESTS TO CROWNED 

) RIDGE WIND, LLC 
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1-1) Provide copies of all pleadings in any civil appeal associated with the county permit(s) 
related to this project. 
 
 
Response:   
Attached are all pleadings in any civil appeal associated with the county permit(s) related 
to this Project. 
 
 
Respondent:  Miles Schumacher, Attorney 
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1-2)  See pages 75-78 of the Application.  Did Applicant measure setback distances from 
property lines and rights-of-way of public roads using the height of the tower, rather than 
the tower and blade tip? 

 
Response: 
 
The Applicant measured setback distances from property lines and rights-of-way of 
public roads using the total wind turbine height (height of the tower and blade tip).  
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager 
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1-3)  Confirm that the setbacks accounted for section line roads, which are defined as public 
highways pursuant to state law. 
 
 

Response: 
Confirmed.   
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager 
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1-4) Do the studies submitted with the Application, including but not limited to shadow and 

noise studies, account for the cumulative impact of both Crowned Ridge I and II and any 
other existing or planned project in the area? 
 
 
Response: 

Yes.  In Section 8 of the Application, we stated that:  

ARSD 20:10:22:13 states, “The environmental effects shall be calculated 
to reveal and assess demonstrated or suspected hazards to the health and 
welfare of human, plant and animal communities which may be 
cumulative or synergistic consequences of siting the proposed facility in 
combination with any operating energy conversion facilities, existing or 
under construction.” The Applicant is unaware of any other operating 
energy conversion facilities, existing or under construction, or other major 
industrial facilities under regulation within or adjacent to the Project Area. 
As such, no cumulative or synergistic consequences related to 
environmental effects contemplated by the regulation are known to exist 
for the proposed Project. The Applicant is aware that the Dakota Range 
Wind area located to the northwest of the Project has been permitted 
through the PUC, but not yet constructed. In addition, the Cattle Ridge 
Project also was permitted locally through Grant County and was 
subsequently acquired by the Applicant and is now included as part of the 
Project. 

 
The Applicant has also addressed the cumulative impacts of Crowned Ridge I and II on 
acoustic and shadow flicker results. For example, Section 3 of the Acoustic Report filed 
with the PUC application as Appendix H and Section 3 of the Shadow Flicker Report 
filed as Appendix I contain the following language excerpts: 
 

Acoustic (last paragraph of Section 3, page 6) 
 
Wind Turbines from Adjacent Projects: The Crowned Ridge II project is 
adjacent to the 
Crowned Ridge project. Because sound impacts are cumulative, there will 
be impacts from the Crowned Ridge II project that will be additive to the 
impacts from the Crowned Ridge project. The Crowned Ridge II wind 
turbine array was included in the model to capture the full sound impacts 
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on the receptors; however, the tabular results and the sound iso line map 
only show the sound emissions from the Crowned Ridge array. 

 
Shadow Flicker (third to last paragraph of Section 3, page 6): 

 
Wind Turbines from Adjacent Projects: The Crowned Ridge II project is 
adjacent to the Crowned Ridge project. Because shadow flicker impacts 
are cumulative, there will be impacts from the Crowned Ridge II project 
that will be additive to the impacts from the Crowned Ridge project. The 
Crowned Ridge II wind turbine array was included in the model to capture 
the full shadow flicker impacts on the receptors, which are included in the 
tabular results; however, the shadow flicker iso line maps only show the 
shadow flicker from the Crowned Ridge array. 
 

 
Respondent: Kim Wells, Environmental Services Manager 
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1-5) Has Applicant considered the cumulative impacts of this project and the Dakota Range 
project previously approved by the Commission for the same area?  Please explain. 
 
 
Response: 
The Applicant considered the cumulative effects of both the proposed Dakota Range 
turbines and Crowned Ridge I and II turbines on modeled levels of sound and shadow 
flicker. The Applicant used turbine coordinates for all 97 turbines of Dakota Range, 
including primary and alternate turbines for the V136 4.2MW technology with serrated 
blade edges provided by Dakota Range in their application and turbine sound 
specifications provided directly by Vestas to EAPC who performed the modeling under 
subcontract to SWCA.  The loudest noise level for that turbine with serrated edge blades 
is 103.9 dBA at 9 m/s and higher. An additional 2 dBA was added to the noise emission 
data, for a maximum of 105.9 dBA, consistent with the approach used for Crowned 
Ridge, and also the approach used by Epsilon for Dakota Range. 

The results indicate there were no exceedances for sound at any of the points of 
compliance for either county included in Crowned Ridge I modeling.  All non-
participating parcel boundaries in Codington County are below 50 dBA, all non-
participating structures in Codington County are at or below 45 dBA, and all participating 
structures in Codington are below 50 dBA.  All non-participating and participating 
structures in Grant are below 45 dBA.  The shadow flicker results show one exceedance 
at an occupied receptor, which is a non-participating farmstead (Crowned Ridge receptor 
ID CR1-C61-NP; Dakota Range receptor ID 1705) for the Crowned Ridge I project. The 
occupied receptor is a non-participating active farmstead for the Crowned Ridge I Project 
that would receive 49 hours and 6 minutes of shadow flicker. The contribution to flicker 
from the Dakota Range project for the non-participating active farmstead is 21 hr. and 24 
min. The contributing Dakota Range turbines are primary turbine, numbers 68 and 69.  
This receptor is located near the Crowned Ridge turbine CR1—16. 

 
Respondent:  Kim Wells, Environmental Services Manager 
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1-6) Has Applicant applied to the FAA for approval to utilize ADLS technology?  Provide 
copies of agency communication. 

 

 
Response: 
The Applicant intends to utilize ADLS technology for the Project. The Applicant is 
currently working with vendors to establish design requirements and will apply with the 
FAA for use of ADLS, once the FAA first provides its initial determination of no hazard 
which is expected in July 2019.  
 
 
Respondent:   Sam Massey, Director of Renewable Development 
   Tyler Wilhelm, Project Manager 
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1-7) Provide a copy of the contract/land use agreement signed by landowners, as well as any 
contracts that differ from the standard contract. 
 
 
Response: 
Confidential Attachment 1 represents the standard contract/land use agreement signed by 
the Project’s landowners.  Confidential Attachment 2 represents the land lease agreement 
that was associated with the development of the Cattle Ridge Wind Farm. The Applicant 
acquired the Cattle Ridge Wind Farm land lease agreements, which are leases used for 
this Project.   
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
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1-8) Does Applicant offer a “good neighbor” contract?  If so, provide a sample.   
 
 
Response: 
The Applicant interprets the question to ask whether it is providing non-participants 
compensation through a written agreement.  The Applicant has not executing agreements 
with non-participants.  As the Project proceeds, if there a specific need to mitigate an 
identified impact with a non-participant, the Application may entered into an agreement 
related to the implementation of the mitigation.  
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
 

 

 
 
 

  

Exhibit A7

Page  000010 
007929

ADMINISTRATIVE RECORD - Scan 10 - Page 35 of 150

- Page 3103 -



1-9) Provide a copy of the PPA referenced on page 15 of the Application. 
 
 
Response: 
Confidential Attachment 1 is a copy of PPA executed between Northern States Power 
Company and Crowned Ridge Wind, LLC. 
 
 
Respondent:  Sam Massey, Director of Renewable Development 
                        Tyler Wilhelm, Project Manager 
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1-10) Did Applicant base its 30-hour per year shadow flicker limit on any factor other than 
county ordinance?  If so, provide support. 
 
 
Response: 
Yes, the Applicant consulted with Dr. Chris Ollson of Ollson Environmental Health 
Management to develop the Project with consideration of science-based, appropriate 
siting requirements, and the health and public welfare of all Project landowners. 
Attachment 1 contains a memorandum drafted by Dr. Ollson which supports the 
Applicant’s siting of the Project with a 30-hour per year shadow flicker limitation.   
 
 
Respondent:  Sam Massey, Director Renewable Development 
   Tyler Wilhelm, Project Manager and Dr. Chris Ollson 
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1-11) Has Applicant reached out to non-participating landowners with shadow flicker levels 
approaching the maximum to mitigate the shadow flicker?  Explain.   
 
 
 
Response: 
The Applicant has reached out to all landowners, including non-participants, within a half 
mile of the Project Area to inform them of the Project.  The Applicant has hosted 
multiple public events and participated in all required public hearings to inform affected 
landowners of potential impacts from the Project, to include shadow flicker.  Any 
landowners who report a nuisance from shadow flicker will be offered mitigation 
landscaping and/or payments.  The Applicant will continue to engage with affected 
landowners to mitigate the potential impacts from the project. 
 
 
Respondent:  Sam Massey, Director of Renewable Development 

Tyler Wilhelm, Project Manager  
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1-12) In the testimony of Wilhelm and Massey, it is stated that 99% of all property rights have 
been obtained.  Explain the remaining 1%. 

 
 
Response: 
The remaining 1% pertains to one outstanding easement needed to host underground 
collection facilities. The Applicant is working actively with the landowner and anticipates 
obtaining the collection easement by March 31, 2019. 
 
 
Respondent:  Sam Massey, Director of Renewable Development  

Tyler Wilhelm, Project Manager 
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1-13) What capacity factor was assumed when calculating the predicted tax revenue?

Response: 
The capacity factor was assumed when calculating the predicted tax revenue is set forth 
in Confidential Attachment 1. 

Respondent:  Sam Massey, Director of Renewable Development 
Tyler Wilhelm, Project Manager 
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STATE OF SOUTH DAKOTA 

COUNTY OF CODINGTON 

) 
: ss 
) 

******************************** 
* 

PAUL JOHNSON, PATRICK LYNCH, MELISSA" 
LYNCH AND AMBER CHRISTENSON, * 

Petitioners, 

vs. 

* 
* 
* 
* 
* 

CODINGTON COUNTY BOARD OF* 
ADJUSTMENT, CROWNED RIDGE WINO, LLC.1' 
CROWNED RIDGE WIND 11, LLC, * 

* 
Respondents. 

******************************** 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

14CIV.18-

PETITION TO APPEAL THE WIND 
ENERGY SYSTEM CONDITIONAL 
USE PERMIT GRANTED JULY 16, 
2018,AND FILED JULY 18, 2018 

COMES NOW, Petitioners above-named, and submit the following Petition: 

1. Respondent Codington County Board of Adjustment (hereinafter referred 

to "BOA") is the Board of Adjustment of Coqington County as appointed pursuant to 

Codington County Zoning Ordinances. 

2. Respondent Crowned Ridge Wind, LLC is one of the Applicants for, and is 

the recipient of a Conditional Use Permit (CUP) to operate a Wind Energy System 

(WES). 

3. Respondent Crowned Ridge Wind II, LLC is one of the Applicants for, and 

is the recipient of a Conditional Use Permit (CUP) to operate a Wind Energy System 

(WES). 

4. Each Petitioner is an owner of land in Codington County, ls a tax payer, and 

is otherwise aggrieved by the Decision of the BOA as set forth in this Petition. 

5. · Petitioners are appealing the Decision of the BOA to operate a WES CUP 
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as reflected in the Application heard by the BOA on July 16, 2018 {hereinafter referred 

to as "the Hearing"). 

• 6. At the Hearing, Petitioners along with other members of the public, 

opposed the Application and presented testimony and evidence in opposition to the · 

Application. 

7. At the Hearing, the BOA voted to approve the Application and granted the 

Applicant a WES CUP. 

8. The Decision made by the BOA at the Hearing, the unofficial minutes of 

the Hearing, the official minutes of the Hearing, the written filed Decision, and any other 

.BOA action by which the Application is deemed approved or granted or by which the 

CUP is deemed approved or granted or issued to Crowned Ridge Wind, LLC and 

Crowned Ridge Wind II, LLC, shall be hereinafter referred to as "the Decision". 

9. The Decision was filed by the BOA on July 18, 2018. 

10. The Petitioners have filed this Petition to the Court within 30 days of the 

date t~e Decision was filed in the office of the zoning officer. 

11. -Petitioners submit and present this Verified Petition to the Court pursuant 

to SDCL 11-2-61, SDCL 11-2-62 and SDCL 21-31-1 et seq. the common law and any 

other statute or legal authority that may be afforded relief or rights to the Petitioners 

under South Dakota Law. 

. 12. · Petitioners submit this Petition setting forth that the Decision of the BOA is 

illegal, including the grounds of illegality as set forth in this Petition. 

• •·· · · · 13. • Petitioners.- request that the Court review the Decision of the BOA under 

the Writof'.Certiorari standard set forth by statute (including but not limited to SDCL 1.1-

2 
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... 
; . ,. ' 

2-62), review the Decision under a less differential or de novo standard of review for the 

reasons set forth in this. Petition, or for other reasons, reverse the Decision, issue a Writ 

of Certiorari to the BOA ordering the relief setforth in this Petition, remand this matter to 

the-BOA for further disposition as requested in this Petition, and otherwise grant 

Petitioners the relief requested. 

14. Under current South Dakota Law, any of the following five grounds 

independently require reversal of the BOA Decision under the Writ of Certiorari 

Standard: 

a; The BOA arbitrarily and willfully disregarded undisputed proof; 

b. The BOA's Decision was based on fraud; 

c. The BOA exceeded its jurisdiction; 

d. The BOA failed to regularly pursu~ its authority; or 

e. The BOA engaged in any act forbidden by law and neglected to do 

any act required by law. 

· 15. Based on the following, the BOA arbitrarily and willfully disregarded 

undisputed evidence and based its Decision on fraud, exceeded its jurisdiction, failed to 

regularly pursue its authority, engaged in acts forbidden by law or neglected to pe.rform 

acts required by law: 

a. The BOA failed to give adequate notice of the July 16, 2018, 

He.aring ·in violation of §4.05.01(2)(3) by failing to give not less than 10 days prior 

notice to property owners by certified or registered mail or by publication. The 

BOA's publication was-on Friday,. July 6; 2018. Statutory notice is defined iri 

.· .. ·SDCL 15.,5,.a(a):. Notice of-less than 11 days excludes Saturday-and Sunday in 

3 
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the·computation of time . . Further, the mailing of notice by the BOA was dated 

July 5, 2018. Without a return of service-, actual notice started July 8, 2018. • 

b. The BOA does not have on staff, nor did it retain the services, of 

any individuals or experts qualified to analyze technical information submitted in 

support of the Application. By failing to do so, the BOA permitted the Decision to 

be based on potential fraud and failed to regularly pursue its authority to protect 

the health, safety, and welfare of the public (§1.01 .03). 

c. ·· At the Hearing, Applicants' representative disclosed that Applicants 

Crowned Ridge Wind, LLC and Crowned Ridge Wind II, LLC are wholly owned 

subsidiaries of 11Nextera Energy Resources, LLC''. The BOA permitted Crowned 

Ridge Wind, LLC and Crowned Ridge Wind 11, LLC to pursue a WES CUP on 

behalf of Nextera Energy Resources, LLC. which is not licensed to do business 

in the State of South Dakota and is not registered with the South Dakota 

Secretary of State. · By allowing Crowned Ridge Wind, LLC and Crowned Ridge 

Wind II, LLC, to pursue an Application on behalf of "Nextera Energy Resources,· 

LLC", the BOA perpetuated fraud upon the residents of Codington County and 

acted in excess of its statutory authority and powers. 

d. The BOA approved the Application and issued a CUP permit to 

Crowned Ridge Wind, LLC and Crowned Ridge Wind II, LLC despite the fact that 

they are not the real party in interest (Nextera Energy Resource,. LLC) and the 

action constitutes arbitrary and willful disregard of undisputed proof, exceeding 

· ··· · ... •· ·· · · · the B.OA's jurisdiction and failing to regularly pursue·authority, -engaglng in acts . . •· 

•; :. .. . .- ·: · .. forbidden by law or neglected to .engage .. in acts required by law .. . . . . . . ' .. •'.. ~ 

4 
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e~ Public testimony established that multiple tower locations and 

receptors were not shown on Applicants' maps. The -Petitioners were also not 

made aware of the zoning officer's report and recommendation which was 

received and reviewed by the BOA at the Hearing on July 16, 2018: The zoning 

officer's report established that the Applicants' sound and flicker maps were not 

accurate. The zoning officer's report was considered by the BOA at the Hearing. 

The BOA's failure to make the zoning officer's report available for inspection prior 

to the Hearing is a violation of the open meeting laws in the State of South 

Dakota (SDCL 1-25-1 et seq.). 

·. f. In addressing the noise level permitted by §5.22.03(12)(a), the BOA 

relied on standards not set by the American National Standard Institute and 

permitted the Applicants' expert to speculate that the sound impact did not 

exceed Ordinance limits. As a result, the BOA neglected to inforce its own 

ordinance, and in fact, engaged in an act forbidden by its ordinance. 

g. Codington County Zoning Ordinance §5.22.03(13)_established a 

standard for flicker potential of not more than 30 hours per year, yet the BOA 

allowed the Applicants to "estimate" its flicker impact and exceeded its authority 

· by relying speculative data. As a result, the BOA neglected to enforce its own 

ordinance, and in fact, engaged in an act forbidden.by its ordinance. 

h. At the July 16, 2018, Hearing; the.Chairman of the BOA acted as 

. moderator and had material vocal input into the decision-making process. He 

.· ,refused to excuse Bo.ard Member:Rodney Klatt'when testimony of record was·.· 

:-:.-· ... · .. .. that'h'is sisterwas·a:Wind Powerparti.cipant, and .he allowed Klatt to partic.ipate -in· ·. 

5 
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the Decision. The Chairman also held Petitioners to a three minute time limit to 

express their opinion, but he allowed the Applicants unlimited time and mu~tiple 

-appearances by its -witnesses. At the conclusion of the Hearing, the Chairman . 

advised members that they could either approve or disapprove the Application. 

He did not advised the BOA that the Application could be tabled. Petitioners 

argue that these events constitute bias and irregular pursuit of authority in 

violation of due process requirements. 

i. The BOA has a duty to investigate all material issues and facts 

associated with the Application. Through its investigation, the BOA is required to 

contribute independent thought to the process, not simply accept whatever 

Crowned Ridge Wind, LLC and Crowned Ridge Wind II, LLC tell the BOA By 

way bf example, the Applicants offered the expert testimony of ESPA to satisfy 

sound and flicker requirements. No vitae or any other written evidence of their 

expert credentials were presented to the BOA Petitioners argue that the BOA 

failed or refused and neglected to investigate speculative testimony and 

evidence. · As a result, the BOA neglected to enforce its ordinance and engaged 

in an act forbidden by its ordinance:- . 

j. · The BOA failed to address overcrowding of land with structures, 

and approved construction of 164 wind towers, each of which may.be up to 500 

feet .in height (§1.01 .03(8)). Further, in §5.22.03.2, tower setbacks are 

addressed. Density is not addressed. By failing to consider density, the BOA 

• • :· .. · · has neglected to: enforce-its-own-ordinance and engaged in an·act forbidden .. by·. • • •··· ·· ·· · ·· · 

· its-ordinance; ' ' ·,· _: • •, ... . . ,: ... \.; .. · . ·;-:,-,(. 

6 
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k. All.of the BOA actioris1 missions, procedural deficiencies, and other 

matters set forth in this Petition are grounds for: reversal under the Writ of 

Certiorari standard or as otherwise permitted for reversal or relief under the law. 

I: Any omission of the BOA referer-iced in this Petition is in fact a due 

process violation and shall be considered by the Court in evaluating compliance 

with due process, even if a due process violation is not expressly mentioned. 

m. · The BOA arbitrarily or willfully disregarded undisputed proof offered 

at the Hearing as set forth in this Petition which entitles Petitioners to reversal of" 

the July 18, 2018, Decision and all of the relief allowed by law. 

n. ·· The BOA's Decision is based in part upon fraud as set forth in this 

Petition which entitles Petitioners to reversal of the Decision and all other relief 

allowed by law. 

o. The BOA exceeded its jurisdiction as set forth in this Petition which 

entitles Petitioners to reversal of the Decision and all other relief allowed by law.· 

p. The BOA failed. to regularly pursue its.authority as set forth in this 

Petition which entitles Petitioners to reversal of the Decision and all other relief 

allowed by law. 

q. The BOA engaged in acts forbidden by law or neglected to do acts 

required by law as set forth in this Petition which entitles Petitioners to reversal of 

the Decision and all other relief allowed by law. 

16. For the reasons set forth above, the Court should grant Petitioners Writ of 

.. • · -Certiorari. Specifioally; . .Petitioners -request.that.the C0urt reverse the Decision of the . • ·. '·'. ,• · .. .. • 

. .. . ·• : . . :•:: ··BOA and revoke th~ CUP granted·to Crowned Ridge Wind, ·LLC and Crowned Ridge. .. ' ,. ·• . . .,. 

7 
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Wind 11, LLC. In the alternative, the Court should remand this matter back to the BOA 

·for further investigation and compliance with any directions form the· Court. 

WHEREFORE, Petitioners pray for the following relief: : · 

1. The Court reverse the July 18, 2018, Decision and order that the WES 

CUP be revoked or voided; or 

2. This matter be remanded to the BOA for further consideration or 

investigation; or 

3. Petitioners request a trial de novo; and 

4. - All other relief provided by statute, common .law or case law, and all other 

relief that the Court deems just, fair, lawful or equitable. 
~ 

Dated ·at Watertown, South Dakota this jJ_ day of-August, 2018. 

• • +, ~ ,. ,: . , ••• • t• 1 

.. ·.· "":, ' • ' • • 1 • 
. •: 

• ,~ I , •• • • • • •• • ' , ,, t • ' ~ . •, •• . • 

8 
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VERIFICATION 

STATE OF SOUTH DAKOTA ) 
: ss 

COUNTY OF CODINGTON ) 

Paul Johnson, being first duly sworn, deposes and states that he is the Petitioner 

above named; that he has read the foregoing Appeal, knows the contents thereof and that 

the same is true and accurate based on his own knowledge and best information and 

belief. 

:, . 

My Co~~ission Elq)ires: ~r I ti 
(SEAL) 

1 

9 
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VERIFICATION 

STATE OF SOUTH DAKOTA ) 
: ss 

COUNTY OF CODINGTON ) 

Patrick Lynch, being first duly sworn, deposes and states that he is the Petitioner 

above named; that he has read the foregoing Appeal, knows the contents thereof and that 

the same is true and accurate based on his own knowledge and best information and 

belief. 

Patrick Lyn 

Subscribed and sworn to before me this fl.p'~ay of August, 2018. 

~~ 
My Commission Expires: ll[q/i1. tfwx..\?c;la..;~'k'\::!V , Notary Public 

State of Sout Dakota 
(SEAL) 

AMANDAT YNE 
SUL NOTARY PUilie 

IOUTH IWC01'A IIAL 

10 
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VERIFICATION 

STATE OF SOUTH DAKOTA ) 
: ss 

COUNTY OF CODINGTON ) 

Melissa Lynch, being first duly sworn, deposes and states that she is the Petitioner 

above named; that she has read the foregoing Appeal, knows the contents thereof and 

that the same is true and accurate based on her own knowledge and best information and 

belief. 

Subscribed and sworn to before me this lCPn.. day of August, 2018. 

My Commission Expires: n1<1/ 2..z.. 

(SEAL) 

AMANDA THYNE 
SEAL NOTA,RY PUBLIC 

SOUTH DAKOJA SEAL 

~~-
,,4wxi"'do fb~.1:1, , Notary Public 

State of South akota 

11 
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.. 
STATE OF. ~

0

ttfl\)(~-r)~l 

.OOUN1Y 01; $,:t·~R:ro~ 

•VERIFICATION 

'.) 
~ ss 
') 

Amber Chri~ensan, bein_g·fir:st duly·.swe>rn, depqsea:a_nd ~tiat~,-~~·•IJ.~ Is the 

Petftfonet ab'ove na'med•:•fhat: -· h · has .'read· th · · fi'. .. · ·ot · · , A""'eat knt:>w~:1i'te .co·ntsnts. . . . . . . ... . . . .. . , . . ~ e . .. . . . . a .~rag, ._ng nt'I\' ., 

lnfortnatiott at,cfbe1ief; . ..... ., . . . ~ . . '' ... . .. ., .. - . 

subscnb'ed and sWG>rl'l to before· me-.tflfs_ ./ b· day of.Au_ ust, 201:a. 

($EAL)· 

12 
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STATE OF SOUTH DAKOTA 

COUNTY OF DEUEL 

) 
: ss 
) 

In the Matter of Special Exception Permit 
Application of Crowned Ridge Wind II, LLC 
(Deuel County Application WES Sec. 1215) 

GARRY EHLEBRACHT, STEVEN 
GREBER, MARY GREBER, RICHARD 
RALL, AMY RALL, and 
LARETT A KRANZ, 

Petitioners, 
vs. 

DEUEL COUNTY PLANNING 
COMMISSION, sitting as DEUEL 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

A. Introduction: 

IN CIRCUIT COURT 

TIIIRD JUDICIAL CIRCUIT 

19CIV18-19CIV18-000061 

PETITION FOR WRIT 
OF CERTIORARI 
(SDCL § 11-2-61) 

COME NOW these Petitioners, namely, GARRY EHLEBRACHT, STEVEN GREBER, 

MARY GREBER, RICHARD RALL, AMY RALL, and LARETIA KRANZ (collectively, 

"Petitioners"), by and through their undersigned attorney of record, A.J. Swanson, of Canton, 

South Dakota: 

1. Petitioners present this petition for Writ of Certiorari, with separate verifications 

being annexed, alleging that a certain resolution was adopted by DEUEL COUNTY PLANNING 

COMMISSION, sitting as the DEUEL COUNTY BOARD OF ADJUSTMENT ("Respondent" 

or sometimes, "Board" or "Board of Adjustment"), upon a unanimous affirmative vote (5-0), 

entered during the Board's session held on October 22, 2018 (the "Decision"), concerning a 

public hearing held by the Board on September 20, 2018 (the "Hearing"), conducted in the 

course of administering certain provisions of the Deuel County Zoning Ordinance, as amended 
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(the "Zoning Ordinance"), and the Deuel County Comprehensive Plan (the "Comp Plan"). The 

Decision was made by, and the Hearing conducted by, the Board, then comprised of members 

Dennis Kanengieter, Steve Rhody, Kevin DeBoer, Gary DeJong, and Mike Dahl. At the 

Hearing, member Paul Brandt recused himself for undisclosed reasons, being replaced for this 

session by Gary DeJong, a member of the Deuel County Board of Commissioners. 

2. The Decision represents an approval of a certain Special Exception Permit, as 

sought by written application of CROWNED RIDGE WIND II, LLC ("CRW2" or "Applicant"). 

According to records of the South Dakota Secretary of State, Applicant is a Delaware limited 

liability company, having a principal office of Corp Gov - Law/JB, 700 Universe Blvd., Juno 

Beach, FL 33408, and reporting also the beneficial owner of Applicant is ESI Enei-gy, LLC, 700 

Universe Blvd., Juno Beach, FL 33408. Applicant's registered agent and office in South Dakota 

is Corporation Service Company, 503 S. Pierre St., Pierre, SD 57501-4522. Petitioners neither 

oppose nor object to intervention in this matter by Applicant, if sought. 

3. Applicant's Special Exception Permit proposes the "constmction and operation" 

of approximately 68 industrial wind turbines upon some 19,169.54 acres of "leased land" in 

various described sections, ranges and townships of Goodwin, Havana, and Rome Townships, 

Deuel County, South Dakota (the "IWT Project"). 

4. These named Petitioners, by their oath, now state to the Court that the said 

Decision of Respondent Board of Adjustment has been made in excess of the jurisdiction and 

power actually conferred by law and ordinance, having been taken and entered in a manner and 

under a supposition that offends the procedural due process rights of Petitioners, even as the 

substantive due process rights and property rights of these Petitioners are violated, as Respondent 

endeavors to take and confiscate such rights and confer same in favor of Applicant and others in 

Petition for Writ of Certiorari 
- 2-
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privity of contract with Applicant, and upon such other and fm1her grounds as stated herein, all 

further stating that Respondent's Decision is illegal, as alleged herein. 

B. Identification of Petitioners: 

5. GARRY EHLEBRACHT (hereafter, "EHLEBRACHT") resides at 17539 468th 

Ave., Goodwin, SD 57238, and is the owner of a parcel of land consisting of approximately 18 

acres, consisting of a single family residence, in the SEl/4, NEl/4 of 20-116-50 (Goodwin 

Township, Deuel County); EHLEBRACHT has owned and resided at this address since 1999. 

6. STEVEN GREBER and MARY GREBER, husband and wife (collectively, 

"GREBERS"), reside at 17165 468th Ave., Goodwin, SD 57238. They are the owners of a parcel 

of land consisting of approximately 12 acres, with a single family dwelling, in the Nl/2, SEl/4 

of 32-117-50 (Rome Township, Deuel County); GREBERS have owned and resided at this 

address since 1995. 

7. RICHARD RALL and AMY RALL, husband and wife (collectively, "RALLS"), 

reside at 17192 469th Ave., Goodwin, SD 57238. They are the owners of a parcel of land 

consisting of approximately 14 acres, with a single family dwelling, being Lots 1, 2, 3 & 4, Dahl 

Second Addition, in the SWl/4 of 34-117-50 (Rome Township, Deuel County); RALLS have 

owned and resided at this address since 2010, having moved to this site from a location near 

White, in Brookings County, South Dakota, that move being motivated by industrial wind 

turbine developments near that former home. 

8. LARETTA KRANZ (hereafter, "KRANZ" resides at 17553 468th Ave., Goodwin, 

SD 57238; she resides on and is the owner of a parcel of land comprising the S 1/2 of 20-116-50 

(Goodwin Township, Deuel County); KRANZ has resided at this address since 1963, the small 

village of Bemis being a shot1 distance to the south. 
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C. Allegations Common to All Petitioners: 

9. Petitioners, as named in paragraphs 5 to 8, are the respective owners in fee of the 

residential and surrounding properties generally described, having the right to "possess and use it 

to the exclusion of others," within the meaning of SDCL 43-2-1. 

10. The respective investment in and monetary cost of the referenced residential 

properties, as to each of the Petitioners, is both substantial and valuable, and theirs alone to enjoy 

or to confer upon others. 

11. For purposes of the IWT Project of CRW2, and also for purposes of applying the 

current, most relevant provisions of the Zoning Ordinance, Petitioners are each deemed to be 

"Non-participating Owners" (sometimes, "Non-Participants"), which is to also say, they are not 

in privity of contract with Applicant CRW2. 

12. Petitioners, collectively, are adjacent to or in the immediate vicinity of those 

landowners in privity of contract with CRW2 (or affiliates of CRW2), and referenced as 

"Participating Owners," having granted easements, leases or licenses to pe1mit the construction, 

development, maintenance and operation of one or more Industrial Wind Turbines ("IWT") on 

nearby or adjacent lands and properties, having been compensated, or the promise of future 

compensation, for such an·angements from CR W2, or its successors or assigns. 

13. For their part, Petitioners are presently subject to no lawful servitudes whatsoever 

relevant to the IWT Project (such as the "right of receiving air, light, or heat from or over, or 

discharging the same upon or over land," as referenced in SDCL § 43-13-2(8)), nor have they 

granted, conferred, entered into, or promised to give in favor of CRW2, or any successors or 

assigns, any "wind easement" (as defined in SDCL § 43-13-16), or leases. 
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14. Petitioners, as residents and owners of propetty within the State of South Dakota, 

claim the benefits and protections of the South Dakota Constitution, including Article 6, § 2, 

providing that "[n Jo person shall be deprived of ... property without due process of law." 

15. Each of the Petitioners, as citizens of the United States, claim the benefits and 

protections of provisions of the United States Constitution, similar to provisions quoted in 

paragraph 14, above. 

16. Each of the Petitioners also claims the benefits and protections of Article 6, § 13, 

South Dakota Constitution, providing, inter alia, that "[p]rivate property shall not be taken for 

public use, or damaged, without just compensation .... " 

17. Each of the Petitioners also travel by motor vehicles upon the township, county 

and state highways in and around the townships of Goodwin, Ravanna and Rome, all in Deuel 

County, South Dakota, and have an interest in safe travel. 

D. The Zoning Power & Delegation by the Legislature: 

18. South Dakota recognizes the legislative power is vested with the legislative 

branch of the government, and that the legislative power includes the police power. 

19. The police power embraces zoning (the "Zoning Power") of the various private 

and public lands located within the state, including reasonable regulations and restrictions for the 

use of properties located within distinct districts or zones. In general, the due exercise of the 

Zoning Power requires also the development of an official plan by the government (generally 

referenced as the "Planning Power"). 

20. As observed by the Court in Schafer v. Deuel County Bd. of Com 'rs, 2006 S.D. 

106, 725 N.W.2d 241 (2006), "[z]oning regulations when enacted or when amended, under the 

proper exercise of the police power, cannot exceed the constitutional limitations on 

governmental restrictions of private property." 
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21. Petitioners do not challenge Deuel County regulations applying to their own uses 

and respective properties, as Non-Participants in the IWT Project. Rather, the challenge is to 

those regulations allowing the Applicant (by means of a Special Exception Permit) to make such 

an intensive, proximate use of the adjacent or nearby lands of Participating Owners, both during 

construction and operation of some 68 structures, uses that effectively destroy or overwhelm 

Non-Participants in the safe use and enjoyment of their respective properties as living humans, 

and in making productive use of their properties, for such purposes as allowed by the Zoning 

Ordinance. This intrusive, proximate use by Applicant, affecting the adjacent or nearby 

properties of Petitioners, each of whom is a Non-Participant, and with whom Applicant has no 

privity of contract, is referenced herein as "Trespass Zoning," as further discussed, infra. 

22. In or about 1967 (presently by means of Chapter 11-2, SDCL), the legislature 

delegated the Zoning Power to any of those counties wishing to properly exercise it; exercise of 

that power was contingent upon prior development of the Planning Power, to thereafter work in 

conjunction with the Zoning Power. 

23. Thereafter, at times presently unknown to Petitioners, Deuel County exercised the 

delegated powers and adopted both a Comp Plan and a Zoning Ordinance. 

24. Each of the properties of Petitioners, including their respective residences and 

outlying lands, are subject to the exercise of any lawful zoning powers of Deuel County, as 

expressed in the Comp Plan and the Zoning Ordinance. 

25. Each of the properties of Petitioners, including their respective residences and 

outlying lands, have been determined and placed within the "A" Agricultural District, as one of 

the Zoning Districts formulated under the Zoning Ordinance (see Section 1101 ). 

26. The purpose ofthe "A" Agricultural District, as stated in Section 1101.1: 
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The district is established to maintain and promote farming and related activities 
within an environment which is generally free of other land use activities. 
Residential development will be discouraged to minimize conflicts with farming 
activities and reduce the demand for expanded public services and facilities. 

27. The cited provisions of the Zoning Ordinance were adopted in 2004, 

contemporaneous with the County's adoption of the current Comp Plan. 

28. At the time the Zoning Ordinance was adopted (2004), the respective use, 

ownership and occupation of the properties and residences of each of the Petitioners had already 

been established ( except as noted in ,i 7). 

29. Each Petitioner has the rights, benefits, and privileges of, along with the asserted 

protections arising under, the Zoning Ordinance, including the continued right to use, enjoy and 

further develop each of their respective lands and properties in a manner fully consistent with the 

Zoning Ordinance, the Agricultural District regulations, and the Comp Plan. 

30. These associated, inchoate rights (as referenced in ,i 29), Petitioners further allege, 

are fundamentally destroyed or undermined (for decades to come) by the concept of "Trespass 

Zoning" (further referenced in Pa1i G, following), a natural consequence of the sheer weight, 

massive force and preemptive presence of an operating IWT Project deploying some 68 turbines 

in these three townships alone, each nearly 500 foot in height, or about 10 to 15 times taller than 

anything else, living or otherwise, presently constructed, erected or growing in and around the 

properties of Petitioners. 

31. While this IWT Project may reap financial benefits for the Applicant, along with 

the Participating Owners and the tax revenue for Deuel County itself, the uses envisioned by this 

Special Exception Permit are otherwise damaging to, and in derogation of, the health, well

being, prope1ty rights and associated property interests of the Non-Participants, including these 

Petitioners. 
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E. The 2004 Comp Plan and 2004 Zoning Ordinance: 

32. The Comp Plan (effective May 5, 2004) is a forty-four (44) page document failing 

to predict or mention the use of Deuel County for so-called "wind fatm" placement efforts, 

although the Comp Plan does wam that "[c]hange is a constant that will affect individuals 

throughout their life," followed immediately by this self-congratulatory proclamation: 

Although the Deuel County Planning Commission and County Commission have 
excelled in the historical application of land use management controls to the 
unincorporated areas of Deuel County, future development has the potential of 
applying new and varied pressures on local decision makers. [Comp Plan, at 2.] 

33. Respondent, in fact, has succumbed to "new and varied pressures," in the exercise 

of a Zoning Power, by approving a Special Exception Pe1mit and authorizing such a level, 

degree and intensity of use of some sixty-eight ( 68) host parcels, posing direct conflicts with the 

inherent rights of ownership and of enjoyment held by Non-Participants as to their respective 

properties. Not even the South Dakota Legislature claims to have such powers. 

34. The writer of the 2004 Comp Plan expressed concerns about rural use conflicts, so 

that in looking forward (a) the County's agricultural lands should be preserved for agricultural 

production; (b) the County's shallow aquifers should be protected; and (c) that land uses 

permitted in the rural area should be compatible with each other. However, the use proposed by 

Applicant is decidedly not compatible with nearby human activities, or the uses to which 

Petitioners make use of, and enjoy, their respective prope11ies. Further, Section 278 of Zoning 

Ordinance, in defining a special exception use that might be warranted, did not contemplate or 

embrace a non-agricultural, non-traditional use that is pervasive or widely scattered throughout a 

neighborhood of "Agriculture," having dimensions of immense size, emitting loud noise, casting 

flickering shadows, posing a variety of safety hazards and health risks to all, including the Non-
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Participants, uses that are a permanent, hostile invasion rather than that "promot[ing]" the goals 

of the Zoning Ordinance. 

35. The Zoning Ordinance includes provisions (Section 1215) as to "Wind Energy 

System (WES) Requirements." Section 1215, in original form, required a distance of "not less 

than one thousand (1,000) feet" from "existing off-site residences, business and public 

buildings," while the distance as to any on-site or "lessor's residence shall not be less than five 

hundred (500) feet, or one hundred and ten percent (110%) of wind turbine height, whichever is 

greater." This text is on par with an antiquated, aggressive void-filling work originally written 

upwards of 20 years ago, jointly promoted by an unholy alliance of wind-energy development 

interests and various state and federal agencies. Having no such provisions previously, Deuel 

County swallowed the bait. 

36. Section 1215, in original fotm, also provided the turbine site must be placed 

110% of the wind turbine height (and apparently exactly so, without any provided allowance for 

either a greater or a lesser distance), and likewise 110% of such height, from any property line 

"unless [ a] wind easement has been obtained from [the] adjoining property owner." 

37. Section 1215, in original form, provided that "[n]oise level shall not exceed 50 

dBA, average A-Weighted Sound pressure at the perimeter of existing residences." This 

permitted noise level at receptor points, and the resulting risk of harm or disturbance to human 

life, may require scientific explanation. Fm1her, the 2004 Zoning Ordinance fails to regulate or 

govem "low frequency noise," or "infrasound," emitted by wind turbines - generally, sounds that 

are felt if not heard; likewise, this feature of wind turbine operation requires scientific 

explanation, since it is a reality and remains a distinct risk of Applicant's proposed use of leased 

lands adjacent to Petitioners' properties, even if not regulated by the Zoning Ordinance. 
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38. The topic of shadow flicker (hereafter, "Shadow Flicker," addressed later in this 

Petition) also is not mentioned in the 2004 Zoning Ordinance. 

F. The Zoning Ordinance, as Amended in 2017: 

39. After many hearings by the Deuel County Planning Commission and the Deuel 

County Board of Commissioners, spread over the course of many months, several of the 

substantive provisions of the Zoning Ordinance conceming Wind Energy Systems (WES) and 

within Section 1215 thereof were amended by terms of Ordinance B2004-01-23B; a true copy of 

the amendatory ordinance, adopted May 23, 2017, is annexed as Exhibit A. 

40. During the course of considering amendments requested by Petitioners and other 

residents of Deuel County, the Planning Commission and County Board regularly solicited the 

self-interested views of WES developers as to whether they could "live with" certain setbacks, 

noise level limits, and limitations on Shadow Flicker. To the knowledge and information of 

Petitioners, not one proposed amendment was recommended by the Planning Commission, nor 

was any one such amendment ultimately adopted in Zoning Ordinance form by the County 

Board, unless and until several of the WES developers had expressly signaled their assent to 

such proposed rules, or a representation that they could (and would) abide by such requirements. 

41. The Zoning Ordinance amendment process, leading to the 2017 amendments of 

Zoning Ordinance Section 1215, was like consistently asking advice of the sly, old fox as to the 

best latch to be used on the chicken house, and then actually following the fox's advice that 

"Brand X" absolutely suffices to protect the life, health, welfare and allied interests of the hens. 

Meanwhile, few - if any - of the safety devices proposed by the "chickens" themselves came 

home to roost within the four walls of Section 1215, as then recommended by the Planning 

Commission (including member Paul Brandt), and thereafter adopted by the Deuel County Board 

of Commissioners (including member Gary Jaeger). 
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42. The Zoning Ordinance's Section 1215, as relevant to this Petition, and as 

amended in 2017 with the blessings, if not the active support, of the "wind farm" developers, is 

summarized, following: 

(a) Wind turbines may be located not less than four times the height of the turbine 

from existing residences and businesses of Non-Participants (effectively, for this 

Applicant, a distance of 1,945 feet, more or less, from the closest exterior wall of the 

existing residences of Non-Participants), or fifteen hundred (1500) feet from existing 

Participating Owner residences, business and public buildings; Non-participating Owners 

are extended the right to waive these setback requirements. 

(b) Distance from public right-of-way shall be one hundred ten percent (110%) the 

height of the wind turbine (measured from ground surface to the tip of blade in fully 

vertical position) - this provision, not amended in 2017, seems to be in conflict with the 

recommendations of the turbine manufacturer. 

(c) Distance from any property line shall be one hundred ten percent (110%) the 

height of the wind turbine (measured likewise), unless a ''wind easement has been 

obtained from adjoining property owner" - this original provision also supports 

Petitioners' arguments as to ''Trespass Zoning," as further outlined in Part G, following. 

(d) In the case of the small incorporated towns of Altamont, Astoria, Brandt and 

Goodwin, the setback distance is increased to "1 mile from the nearest residence." 

Residences of Non-Participating Owners within the incorporated town of Goodwin are 

protected by a setback of one mile from Applicant's IWTs (measured from individual 

homes, not the town's corporate limits), while Petitioners, all situated in the immediate 

vicinity of Goodwin, are under the "four-times-the-height" fonnula, resulting in a setback 

of merely 1,945 feet, more or less. Under SDCL § 11-2-14, Petitioners submit that 
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neither a rational nor a lawful basis exists for a I-mile setback (5,280 feet) to those 

homes within Goodwin, while applying a different, much less generous, less protective 

setback to the similar, nearby homes of Petitioners. 

( e) Regarding noise, the amended Zoning Ordinance does work a reduction, after 

"wind farm" developers assured the County Board they could meet that reduction. From 

the original text of "shall not exceed 50 dBA average A-Weighted Sound pressure at the 

perimeter of existing residences," the Zoning Ordinance now provides: "Noise level shall 

not exceed 45 dBA average A-Weighted Sound pressure at the perimeter of existing 

residences, for non-participating residences." Further discussion of this follows, infra. 

(f) Prior to May 2017, the Zoning Ordinance made no provision whatsoever for 

regulating the matter of Shadow Flicker - as now amended, provision is ostensibly made 

for the "[l]imit for allowable shadow flicker at existing residences to no more than 30 

hours annually." This specific provision, together with each of the others cited in 

subparagraphs ( a) through ( e ), above, represents a governmental taking or confiscation of 

nearby private property - owned by Petitioners and other Non-Participants - for the sole 

benefit of the Applicant, something not even the Legislature itself may perform absent 

the giving of just compensation. 

43. While certain of the 2017 Zoning Ordinance amendments seemingly afford 

improved conditions or circumstances for "Non-Participants" in an IWT Project (a required - but 

waivable - separation distance from residences of four times wind turbine height is better, unless 

the IWT Project developer was building only 100 foot structures, in which case, the resulting 

distance is actually less than the prior requirement of 1,000 feet), while others - such as a 

purported allowance for shadow flicker not to exceed 30 hours annually - would appear a ftuiher 

detriment to Petitioners and all other Non-Participants in this IWT Project. 
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44. As observed in ,i 41, and reflected in the minutes of many meetings, the Planning 

Commission and the County Board resisted such "improved conditions" within the amended 

Zoning Ordinance's Section 1215, unless and until persons speaking on behalf of the 

contemplated developers of WES (including this Applicant) extended tacit or clearly expressed 

approval. As such, Petitioners allege that the current requirements of Section 1215 are neither 

obstacles nor unduly burdensome to meet, but, in reality, represent a kind of "lock" on the 

properties of Petitioners and other Non-Participants (and human occupation thereof), a lock 

designed by Applicant (and other wind developers), ordered up by the Planning Commission and 

readily purchased by the Deuel County Board of Commissioners. 

G. The Concept of "Trespass Zoning": 

45. As further stated and asserted within this Petition, Section 1215 of the Deuel 

County Zoning Ordinance is dependent upon an insidious concept of "Trespass Zoning." By 

drawing the relevant setback lines from existing residences, while also ostensibly allowing 

Shadow Flicker to be hereafter inflicted upon existing residences, the Zoning Ordinance 

implicitly allows the outsized footprint and shadow of an IWT - particularly of the size and 

dimensions involved in this CRW2 Project, embracing 68 industrial installations, each 

approaching the height of a 45 story building, emitting a tremendous amount of noise at very 

high elevations - to move in and upon, to adversely occupy and command, and continuing to do 

so for decades to come, or for however long the IWT Project is functional, the surface area of 

and all of the improvements upon that real property heretofore held, owned and enjoyed, 

exclusively, by the Non-Participants. 

46. The concept of "Trespass Zoning" is reflected by provisions in the 2004 version 

of the Zoning Ordinance, requiring that a "wind easement" be obtained from an adjoining 

property owner - but only if the wind turbine is built closer to the property line than 110% of the 
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turbine's height. 11rns, when a 400 foot turbine is built 420 feet from the property line, then a 

wind easement must be obtained from the adjoining owner (this adjoining owner obviously is not 

the host to or the lessor of an actual turbine site - otherwise there would already be a wind 

easement in place). But, if located 450 feet from the property line, then no such easement is 

required. This text underscores the pre-conceived notions shared by the Zoning Ordinance writer 

and the wind development industry - only the flow of wind across the adjoining land, and the 

exclusive right to harvest same, has any real value. Petitioners submit otherwise. 

47. The exclusive right to enjoy one's own propetty, free from the risk and harm from 

several distinct health and safety hazards posed by the wind turbines, is never considered by the 

Zoning Ordinance, except to the extent of those few setbacks and limitations the "wind fann" 

development industry (the fox) has otherwise conceded to be appropriate for protection of the 

Non-Participants (the chickens). 

48. The sought Special Exception Pem1it is progeny of Trespass Zoning. It seeks 

governmental approval of a proposed long-term, adverse occupation of some substantial part and 

parcel of the real property and associated property interests of Petitioners, even if no turbine is 

built upon the lands of Petitioners. In turn, Petitioners own abilities to make full and complete 

productive use are hindered, thwruted, diminished or oven-idden, due to the deleterious effects of 

being too close or proximate to Applicant's IWT operations. Risk of exposure to hazards due to 

proximity would include: (a) excessive noise flowing from IWT hubs and rotors (measured both 

on the dBA scale and open also to the effects of LFN, a concept which the Zoning Ordinance 

fails to even recognize much less regulate), and reaching to the properties of Non-Participants; 

(b) Shadow Flicker (even if limited to no more than 30 hours annually), reaching the properties 

of Non-Patticipants, (c) property damage and physical hatm while present thereon, or in travel 

upon public highways to and from such properties, due to ice throw, physical disintegration or 
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collapse of the structures, and fire (beginning with a fire within the turbine itself, followed by a 

high risk of a fire upon the surrounding terrain at ground level), and (d) annoyance, a state of 

mental distress and agitation that, according to prior testimony of Applicant's own expert (Dr. 

Chris Ollson, not a medical doctor) leads to adverse health effects. 

49. For purposes of illustrating "Trespass Zoning," Petitioners have attached a single 

page document (marked Exhibit B), reflecting the conflict between the hypothetical Farmer A, as 

owner of Parcel A, consisting of 23 acres, proposed as host to a 400 foot wind turbine. This 

example assumes an ordinance-required "building setback" of 1,250 feet, and the interplay of 

that required setback with the owners of neighboring Parcels B, C, D & E. If the "four-times

turbine height" setback to existing homes is then applied to future construction, then the example 

given is applicable to Deuel County's Zoning Ordinance, but increased to a radius of 1,945 feet 

(th_e setback distance used in Applicant's maps to plot the clear-area radius for the residences of 

Non-Participants). That neither the Applicant, nor its Participating Owners in privity, have the 

right to demand free use of the neighboring parcels, even as the Respondent Board has no power 

to make an adverse award of such use, is the intended point of this illustration. 

50. As further alleged, following, the radius of 1,250 feet, as shown in Exhibit B, has 

actual application within Deuel County and this proceeding, given the testimony of Applicant's 

own expert witness (see reference to the testimony of Dr. Chris Ollson, not a medical doctor, 

upon being questioned by the Board of Adjustment, September 20, 2018, at ,i 64, following). 

51. The radius shown in Exhibit B is useful also to illustrate the degt·ee to which the 

Non-Participants, having made no application under the Zoning Ordinance, and seeking no 

affirmative relief whatsoever from the Board of Adjustment, are henceforth effectively required 

to contribute - for a period certain to last several decades - the free and unwilling use of their 

Petition for Writ of Certiorari 
- 15 -

Filed: 11/16/2018 3:18 PM CST Deuel County, South Dakota 19CIV18-000061 007961

ADMINISTRATIVE RECORD - Scan 10 - Page 67 of 150

- Page 3135 -



Exhibit A7-1

Page  000028

respective properties, akin to an implied easement or servitude, or a trespass, supporting 

Applicant's IWT Project but to the detriment, loss and injury of these Non-Participants. 

52. Shadow Flicker arises when the spinning turbine blades, interposed between a 

point of reception and a source of light (the sun), result in a strobe or pulse-like "light-shadow" 

sensation, moving rapidly upon and across the surfaces of adjacent homes, structures and terrain, 

as received in the eye of the beholder at a point of reception. Shadow Flicker requires no tangled 

scientific explanation, as the negative effect upon humans (having their eyes open) is readily 

perceived and recognized. 

53. As Shadow Flicker does not yet exist for this Applicant's proposed IWT Project 

in Northwest Deuel County, Petitioners are prepared to display to this Court several videos of 

Shadow Flicker, playing upon and dancing across the interior and exterior parts of afflicted 

homes and other structures. Shadow Flicker, as perceived by humans and animals, is unpleasant, 

offensive, and unsettling. Petitioners propose to present evidence on this concern from other 

South Dakotans who now suffer from a Shadow Flicker invasion of their premises (the 

experiences of David Janes, from Toronto, being a case in point). 

54. The Board of Adjustment's tight schedule to process Applicant's Special 

Exception Pe1mit did not allow for the presentation of such infom1ation (more on this, infra); 

that said, Shadow Flicker is an inevitable product of the IWT Project, if or when such is built in a 

land where the sun, or the moon, often shines. Applicant has chosen to read the Shadow Flicker 

restrictions as applying only to that arising from the sun, rather than the inclusion of full moons. 

55. Shadow Flicker is a form of waste or burdens created or arising from Applicant's 

intended IWT operations, and cannot be lawfully disposed of by merely casting or leaving it on 

the properties of Non-Participants, as an act of trespass. The Board of Adjustment has no power 
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to adversely confer any easement or servitude, in favor of Applicant's Shadow Flicker, over and 

upon the lands of Petitioners or other Non-Participants. 

H. The Special Exception Permit Application: 

56. According to the Staff Report of Deuel County Board of Adjustment, dated 

September 20, 2018, CRW2, as the Applicant, seeks a Special Exception Permit to operate a 

Wind Energy System within Deuel County, specifically, thirty-nine (39) turbines in Goodwin 

Township (spread around in Sections 4, 7, 13, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 

28, 29, 32, 33, 34, and 36); five (5) turbines in Havana Township (Sections 3 and 4); and twenty

four (24) turbines in Rome Township (Sections 6, 7, 17, 18, 19, 20, 21, 27, 28, 29, 30, 31, and 

33). The IWT Project embraces sixty-eight (68) turbines, plus many more beyond this count in 

adjoining areas of Codington and Grant Counties. 

57. Applicant proposes to use three types of turbines for this IWT Project, all 

manufactured by General Electric: (a) thirteen (13) 1.7 MW turbines, 103 meter rotor, 80 meter 

hub; (b) fifteen ( 15) 2.1 MW turbines, 116 meter rotor, 80 meter hub; and ( c) two-hundred sixty

four (264) 2.3 MW turbines, 116 meter rotor, 90 meter hub. This information appears in a study 

prepared for Applicant by EAPC Wind Energy of Grand Forks, ND, authored, proofed and 

checked by Jay Haley, P.E. (hereinafter, the "EAPC Study"); Applicant's filed project maps 

represent that only the 2.1 and 2.3 MW turbines will be used in Deuel County. 

58. Also according to the EAPC Study, quoting from the manufacturer, the sound 

level emitted by the 2.1 and 2.3 MW turbines is 107.5 dBA at the source; the only cure for such 

noise is distance - or, more precisely, an adequate separation distance. Petitioners state and 

allege to the Court that 1,945 feet, more or less, is not an adequate separation distance, and 45 

dBA measured at the exterior wall of Petitioners' residences is neither an adequate nor a safe 

sound pressure level for the Petitioners and their respective families and visitors, whether while 
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within the residence, without other structures on their prope1ties, or the time while performing 

activities outside their respective four walls. Petitioners further state the residences of 

EHLEBRACHT and GREBERS were not included in the EAPC Study as to sound levels, even 

as the Zoning Ordinance fails to account for LFN, the infrasound that is also emitted from the 

operation of sixty-eight (68) IWTs (and noisy, emitting 107.5 dBA at the outset), such as this 

Applicant proposes to stuff into and among the rural areas of these three townships. 

59. The EAPC Study uses computer modeling to conclude that the sound level of 45 

dBA or less can be maintained at the residences of all Non-Participants, and likewise, the study 

further concludes, the duration of Shadow Flicker for each of these residences can be maintained 

at less than 30 hours annually (the study assumes so many cloudy days, but fails entirely to 

consider Shadow Flicker from a Harvest Moon or the Hunter's Moon, or the others that come 

each month of the year). Regardless, it is certain that each of the Petitioners' homes (and 

properties) is affected, to some extent, by Shadow Flicker. 

60. The EAPC Study, being based on computer modeling for sound levels, is 

expressly built on the assumption of "moderate ground attenuation." If by "moderate" the study 

has assumed that fresh, green leaves are always growing on the cottonwood trees, or tall com is 

always in the field, and the cordgrass and rushes are always tall in the ditches, sloughs, and other 

relict pastures, then the study's stated assumption is plainly faulty. What about winter? This is 

northern South Dakota! Winter is a time of hardscapes, when sounds are believed to bounce 

rather than be absorbed by the living landscape. 

61. The EAPC Study offers no prediction of sound levels during the construction of 

Applicant's wind farm. Thus, no showing has been made Applicant can - or will - abide by the 

stated limits of 45 dBA during construction. The Zoning Ordinance is not applicable only to 

operational phase of the IWT Project. 
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62. Even assuming for sake of argument the EAPC Study is entirely correct in the 

findings, if correctly referenced in ,r 58, it does not follow that Applicant's ability ( or subsequent 

operator) to maintain these standards at the exterior wall of the residence of each Non

participating Owners, with the Respondent Board's approval, represents a lawful, concomitant 

exercise of a lawful, delegated Zoning Power. The Board of Adjustment has no right, power, 

privilege or license to take from Non-Participants, and bestow those benefits upon Applicant and 

those Participating Owners (formerly called "neighbors") in privity with Applicant. 

63. The properties of Petitioners (in general) and their respective residences (in 

particular) will be invaded by noise levels ( on the dBA A-weighted scale), low-frequency noise 

(LFN, otherwise unregulated by the Zoning Ordinance), and Shadow Flicker, all during the 

regular course of future IWT operations ( over the projected course of several decades) that may 

be more or perhaps less severe than as is represented in the EAPC Study. These invasions 

preempt or erode the rights and prosperity of Petitioners to enjoy and otherwise deploy their 

properties as they wish. These grim prospects directly relate to the expected "market value loss" 

to Petitioners' respective properties by reason of the IWT Project. These summarized invasions 

and resulting injuries and losses arise from "Trespass Zoning," as complained of herein. 

64. Applicant's Special Exception Pem1it request is supported by maps showing the 

location of Non-participating Owners (residences) by use of the Universal Transverse Mercator 

(UTM) coordinate system, with references stated in terms of "Easting" and "Northing." These 

sites are then used to document the computer modeling of both sound and shadow flicker 

intrusions. As best as can be discerned by Petitioners, these maps have been in the making for 

several years, and were being revised, updated and amended a day or two before the Special 

Exception Permit hearing, held September 20, 2018. 
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I. The Board's Public Hearing-September 20, 2018: 

65. On September 20, 2018, the Board of Adjustment held a hearing on the Special 

Exception Pennit in Clear Lake, South Dakota. 

66. At the outset, the Board's chainnan, Dennis Kanengieter, advised that Board 

member Paul Brandt had recused himself from the proceeding, and that alternate Gary DeJong 

would serve in his place. The reason for recusal was not stated. Paul Brandt has been a member 

of the Respondent Board for a number of years, voting in 2017, while sitting with the Planning 

Commission, to adopt the current form of the Zoning Ordinance. 

67. During the period of 2016 and 2017, some public disclosure was made, or 

knowledge was gained, that said Paul Brandt was within the group referenced in this Petition as a 

"Pruticipating Owner" (along with Gary Jaeger, member of the Deuel Cotmty Board of 

Commissioners). The current maps for the IWT Project now show othe1wise. To what further 

extent Mr. Brandt, as member of the Planning Commission - or members of the County Board of 

Commissioners, or their appointees on the Planning Commission (hence, the Board of 

Adjustment)- have been, or may be, involved in the consideration of wind easements or ground 

leases, or any other arrangements with the Applicant, whether written or unwritten, is presently 

unknown by Petitioners. 

68. After allowing the Applicant's project manager, Tyler Wilhelm, to speak and 

make a Power Point presentation, Mr. Kanengieter (per the official minutes of September 20, 

2018): 

" . opened the meeting up to the public to speak. They were limited to 3 
minutes per person." 

69. Upon knowledge and belief, Petitioners state the imposed limits on the rights of 

Petitioners to speak in opposition to the Special Exception Pennit, as referenced in ,i 68, grow 
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out of recommendations by certain advisors to the Board, and also certain representatives of the 

"wind farm" development industry (the chickens being permitted to squawk, albeit briefly). 

Meanwhile, Applicant was unlimited in time for its presentation to the Board of Adjustment. 

70. Thereafter, about 25 persons - including each of the Petitioners - addressed the 

Board, all speaking in opposition to some particular interest or interests, with several offering 

written statements or exhibits as to the issues of concern to them; given the attendance issues and 

the importance of this IWT Project to the health, well-being and property interests of Petitioners, 

the short time frame allotted by the Board of Adjustment was not an adequate allowance to be 

heard, and thus, Petitioners now raise due process concerns accordingly. 

71. The Board of Adjustment asked a variety of questions of the Applicant's project 

manager, even as Petitioners were not allowed to make any further presentation based on those 

responses, nor were the Petitioners allowed to directly question the Applicant's witness. If a 

member of the Respondent Board didn't ask a particular question of Applicant's project 

manager, then it was neither asked nor answered. 

72. Although not mentioned by name in the minutes of the Board of Adjustment, a 

Dr. Chris Ollson appeared as a witness for Applicant and responded to a few questions from the 

Board members - importantly, this witness indicated the manufacturer (General Electric) has 

issued a safety manual with a "stay clear zone" of 1,250 feet (as calculated and represented by 

Dr. Ollson) from the base of the turbine structure. This manual is not part of the Applicant's 

written presentation to the Board of Adjustment, nor has it been provided to Petitioners. 

According to the best understanding of these Petitioners, the manufacturer's manual is a so

called safety zone and one that no humans should occupy - however briefly - while the turbine is 

operating. 
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73. During a recess in the hearing on September 20, 2018, one Gary Jaeger, a member 

of the Deuel County Board of Commissioners, was observed to be discussing the public 

testimony with various members of the Board of Adjustment. Thereafter, Chairman Kanengieter 

thereupon closed the meeting, and advised further deliberation and a decision thereon would be 

postponed to October 11, 2018. 

J. The Board of Adjustment Makes a Decision: 

74. Due to scheduling conflicts, the continued meeting of the Board of Adjustment 

was further deferred until October 22, 2018, at which time the Board members again convened in 

Clear Lake. 

75. Petitioners ask the Court to note that on October 16, 2018, representatives (and a 

lawyer) for Applicant appeared at a meeting of the Deuel County Board of Commissioners to 

advise that if the "application [of Applicant] meets the ordinance requirements then process 

needs to be honored by the Board; Deuel ordinance is consistent with PUC findings; never 

imposed less than 40 dba [sic]; Crowned Ridge One and Two will include 2.1 and 2.4 [2.3?] 

megawatt towers." This argument - made to the County Board of Commissioners, rather than 

the Board of Adjustment - seems quite similar to that recently rejected by the Circuit Court 

(Honorable Cannen Means) in 25CIV17-37, Berg vs. Grant County Board of Adjustment, et al. 

A mere ostensible meeting of the "setback requirements" or other stated criteria for a conditional 

use permit (Deuel County persists with the label "special exception permit") does not 

countermand or nullify the exercise of discretion by the Board of Adjustment, and also does not 

compel an approval of such a zoning request. 

76. The asserted position of Applicant's counsel (October 16, 2018) does not 

undercut the main premise of this Petition and these Petitioners, which is to say: Apart from fully 

observing this distance or that requirement, even in successfully checking all the boxes that may 
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be required of this Applicant, as outlined in Section 1215 of the Zoning Ordinance, the Board of 

Adjustment has no authority to exercise discretion over a matter, when such exercise also 

requires the kind or type of power and authority that the South Dakota Legislature itself lacks, 

and never delegated to the Deuel County Board, when taking up the pen to write the provisions 

ofthe Zoning Ordinance, including Section 1215. 

77. That said, and returning to the date of October 22, 2018, the Board of Adjustment 

again met in Clear Lake, and proceeded to ask the Applicant's representatives or witnesses a 

series of questions. Petitioners or others were not permitted to ask questions or to make any 

further presentations based on Applicant's responses. 

78. According to draft minutes supplied to Petitioners by the zoning office of Deuel 

County, the Board of Adjustment members then asked themselves ( or each other - the minutes 

are not clear in that regard) these questions thought pertinent: 

1. Are you satisfied the application was received 4 weeks prior to our 
meeting? 

2. Does this application meet the definition of a Wind Energy System? 

3. Do you agree that this pe1mit should not become effective until all 
required pennits are granted by the state and federal government, including the 
remaining applications and licenses referenced in the application? 

4. Did the application and testimony at this meeting allow us to adequately 
review how the applicant will satisfy requirements for site clearance, topsoil 
protection, compaction, livestock protection, fences, public roads, haul roads, 
turbine access roads, private roads, control of dust, erosion and sediment control, 
electromagnetic inference, lighting, turbine spacing, footprint minimization, 
collector lines, feeder lines, decommissioning, tower height and clearance, and 
noise? 

5. Has the applicant demonstrated the ability to meet required setbacks for 
turbines from property lines, right-of-way, residences, businesses, government 
facilities and other stmctures, uses or features which would require setback? 

6. Has the applicant submitted Boundaries of the site proposed for WES on a 
USGS Map, a map of easements, copies of easement agreements with 
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landowners, maps of occupied residential structures, businesses, churches, and 
buildings owned and/or maintained by a governmental entity, maps of sites for 
WES, access roads, and utility lines, location of other WES in general area, 
project schedule, and mitigation measures? 

7. Does the agreement in the letter of assurance that the applicant will obtain 
a haul road agreement satisfy the requirement for a haul road agreement? 

8. Are there any other issues brought up with the application or during 
testimony which relate to the Zoning Ordinance or Land Use Plan that you feel 
need to be addressed? 

9. Do you agree we are empowered to issue the permit? 

10. Do you agree that this will not adversely affect the public interest if 
operated according to our ordinance and the conditions prescribed? 

11. Does the Board request the zoning officer to prepare the findings of fact 
consistent with these questions to be approved by the Chai1man of the Board; and 
for the zoning officer to issue the Special Exception Permit and any letters of 
assurance, building permits or other items associated with said Special Exception 
Permit? 

12. Does the Board agree the conditions recommended by staff should be 
agreed to by the Applicant and/or have any additional recommended conditions to 
add to this permit? 

79. Thereupon the Board of Adjustment's proposed or draft minutes then further 

provide: 

Motion by Dahl, seconded by Kanengieter, to approve the Special Exception 
Permit for the Crowned Ridge Wind II, LLC Wind Farm to construct and operate 
up to 153.6 MW Crowned Ridge Wind II, LLC Wind Farm with up to 68 wind 
turbines. The proposed Wind Energy System is located in the following sections 
and townships: Goodwin Township (Tl 16N, R50W) in sections 3-9, 13, 15-36; 
Havana Township (Tl 15N, R50W) in sections 3-8, 17 and Rome Township 
(T117N, R50W) in sections 6-9, 17-21, 27-35, all in Deuel County in an 
Agricultural Zoned District. Condition to use Aircraft Detection Lighting System 
where possible and applicable according to the FAA, for the purpose of this 
application substantial construction shall be considered the completitions [sic] of 
at least 25% of the towers in the final layout are erected and to include the other 
conditions that [Luke] Muller read during the meeting. Kanengieter called a roll 
call vote: Dahl-yes, Rhody-yes, DeBoer-yes, DeJong-yes Kanengieter-yes. 
Motion carried. 
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80. By adopting the motion outlined in 1 79, the Board of Adjustment effectively 

provided an affirmative answer to each and every of the twelve questions poised and as outlined 

in 178. Being mindful of the decision in Hyde v. Sully County Board of Adjustment, 2016 S.D. 

65,886 N.W.2d 355, while also being uncet1ain of exactly what, on the date of this Petition, may 

have been filed in the office of the Board of Adjustment (SDCL § 11-2-61), or when, Petitioners 

believe the affirmative, unanimous vote taken by the Respondent Board on October 22, 2018 

may be construed as the "Decision" of the Board, and thus this Petition is herewith presented 

(and within 30 days thereof) to the Court on the issue of whether a Writ may issue. 

K. The Decision is Illegal: 

81. All of the foregoing matters and allegations considered, Petitioners now state and 

allege to the Court that the October 22, 2018 Decision of the Respondent Board is illegal on one 

or more of the following grounds: 

A) The Decision, ostensibly based on Section 1215 of the Zoning Ordinance, 

represents a taking of or an infringement or burden upon the collective and 

individual property rights of Petitioners, regarding the right of an owner to have 

exclusive rights of possession and enjoyment, save only such rights as have been 

permitted or accepted by the owner, and a conferring of those rights upon or for 

the direct benefit of Applicant and the indirect benefit of various and sundry 

Participating Owners. 

B) The South Dakota Legislature is constitutionally inhibited from the taking of 

private property for a public use absent the payment of just compensation. 

C) The South Dakota Legislature cannot delegate to the counties, in the guise of the 

Zoning Power, any power, function or fonu of proceeding that the Legislature 

itself cannot exercise. 
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D) The Zoning Ordinance, Section 1215, as applied here, is a form of an unlawful 

taking of Petitioners' properties for the benefit of Applicant and those who are in 

privity with Applicant, namely, the Participating Owners. 

E) As applied to Petitioners, the Zoning Ordinance, Section 1215, is in the nature of 

an easement or a servitude, in favor of Applicant and its Participating Owners 

(those in privity of contract with Applicant), which affects the right to use and 

occupy Petitioners' properties in a manner otherwise consistent with the Zoning 

Ordinance's provisions for all lands within the Agricultural District, and to that 

extent, the easement or servitude, all without benefit of either privity or consent 

by the Non-participating Owner, has been or is about to be taken without 

compensation by the actions of the Board of Adjustment. 

F) The uses proposed by Applicant involves the emission of sound, both dBA A

weighted scale, and Low Frequency Noise, which may or is likely to cause or lead 

to adverse health, safety and welfare consequences to Petitioners, their families 

and invitees, even as the proofs and studies offered by Applicant as to compliance 

with the Zoning Ordinance's noise level limits are deficient, the resulting 

computer modeling being based on a critical faulty assumption, namely, that 

"moderate ground attenuation" is ever present in this environment. Petitioners 

also stress that the sounds sure to be emitted from these 68 wind turbines is a new 

threshold of sound - sound not presently existing or emitted within these 

townships, and thus results in significantly greater sound pressures reaching the 

residences of Petitioners than the current ambient sound levels within this 

decidedly iural area. Petitioners further state the residences of GREBERS and 
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EHLEBRACHT are not included in the EPAC Study as to projected sound 

compliance. 

G) The uses proposed by Applicant involve the infliction of Shadow Flicker, for 

some part of the year, upon each of the Petitioners residences and properties; this 

is an unwanted and unsettling invasion by Applicant's intended operation of the 

sixty-eight (68) !WT installations in these three townships; in support of their 

claims, Petitioners wish to present video evidence of Shadow Flicker along with 

and the testimony of other South Dakota residents now afflicted by this 

unwelcome, dizzying phenomenon, while trapped into continued ownership of 

heavily draped and shuttered homes they crumot sell (as case in point, David 

Janes, Petitioners believe, is ready, willing and able to provide relevant testimony 

to the Court about his own personal experiences living adjacent to a nearby ''wind 

farm"). 

H) Applicru1t's own expett testified to the Board of Adjustment on September 20, 

2018, that the turbines to be used in the Crowned Ridge Wind II project are 

General Electric models, for which the manufacturer names a 1,250 foot keep

your-distance zone ( as calculated by Dr. Chris Ollson, not a medical doctor); yet, 

the maps of the project provided to the Board of Adjustment show turbines in a 

number of cases being installed closer to certain roads and highways, in apparent 

violation of the General Electric's warning, as determined by Applicant's expert. 

I) As a consequence of the foregoing statements of the manner of illegality, the 

Board of Adjustment is attempting to employ a kind of "Trespass Zoning" 

principal, which as further referenced or described in this Petition, confiscates, 

takes, or destroys the various rights of these Petitioners as to and in the 
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occupation, enjoyment, and use of their own lands. In such manner, the Board is 

exceeding its authority, and is acting beyond its lawful jurisdiction. 

J) As evidence of the illegal nature of the determinations being made by the Board 

of Adjustment under the Zoning Ordinance, the regulations providing for setbacks 

from the exterior walls of residences are markedly different for certain homes that 

are otherwise similarly situated, which difference, Petitioners submit, is a 

violation of SDCL § 11-2-14, such provisions being otherwise discriminatory as 

to Petitioners, to their injury, and a denial of equal protection of the law. 

K) The properties of Participating Owners may very well increase in market value 

over time, notwithstanding proximity to this "wind fatm," due to the fact such 

persons are in privity of contract with Applicant and assigns, with some form of 

compensation or revenue over a period of time being promised; however, the 

properties of Non-participating Owners ru·e likely to be harmed by the invasive 

presence and proximity of Applicant's so-called "wind farm," as these Petitioners, 

having given no license, easement or other interest in favor of Applicant, must 

bear fully the risks and detriments of the proximity of such "wind farm" 

operations, and for decades to come, without being asked or compensated for the 

privilege. This Special Exception Permit will dramatically and permanently 

change this "neighborhood" of Deuel County, a form of "Trespass Zoning" as 

referenced in and illustrated by this Petition. The State's delegated powers are 

subject to constitutional and statutory limits, and thus, the Zoning Powers taken 

up by Deuel County likewise. Petitioners are harmed, left with diminished if not 

destroyed market value of their respective properties, while Applicant along with 

many cohorts in privity of contract, devour the economic benefits of not insuring, 
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maintaining or sustaining the burdens of ownership of the adjoining properties of 

Non-Participants. This is stealing, even as the fox gets fatter, and all society 

within the chicken house is destroyed. The Zoning Ordinance, Section 

1215(2)(c), prevents placement of a wind turbine close to the property line of 

another owner - if less than 110% of the height, then a wind easement must be 

"obtained from the adjoining property owner." The right to keep an unobstructed 

wind flow is not the only valuable attribute of property ownership - even when 

the fox along with the "fox-approved" Zoning Ordinance say otherwise. 

L) Given time limits of only three (3) minutes (each) to present their concerns to the 

Board of Adjustment, these Petitioners ( as the veritable chickens in this struggle) 

have not had the privilege of a meaningful opportunity to oppose the relief sought 

by Applicant, and such limitations, given the economic and risk of health and 

related consequences to Petitioners, implicates concems of procedural due 

process, namely, the Board's withholding or denial of an adequate and sufficient 

opportunity to be heard. 

M) Respondent Board has not disclosed to these Petitioners the identity of those who, 

as Participating Owners, are currently in privity of contract with Applicant for 

purposes of this IWT Project, although such is required by terms of the Zoning 

Ordinance's Section 1215; Petitioners, accordingly, are not presently aware of 

what family or other relationships may now exist between such Participating 

Owners and those exercising quasi-judicial powers on behalf of Respondent 

Board, or those persons having the power to appoint such members. 
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N) The Special Exception Pe1mit is neither fully nor properly supported by the 

evidentiary elements required by the Zoning Ordinance or other applicable law, 

and the approval thereof by the Board of Adjustment is an abuse of discretion. 

L. Prayer for Relief 

Wherefore, Petitioners pray for relief as follows: 

82. That pursuant to SDCL § 21-31-3 and § 11-2-62, upon such further notice as the 

Court deems appropriate, the Court issue a Writ of Certiorari to the Respondent, Deuel County 

Planning Commission, sitting as the Board of Adjustment. 

83. That pursuant to SDCL § 21-31-5 and § 11-2-62, the Court further issue within 

the Writ a restraining order, preventing the Respondent, or any other board, agency or official of 

Deuel County, from taking any further action with respect to any Special Exception Permit, 

building permit or other land use rights, concerning the sites as contemplated by Applicant. 

84. That the Court, upon such further proceedings as deemed appropriate, including 

the taking of evidence by referee or otherwise, reverse the decision or determination of the 

Respondent Board of Adjustment, in the form of the motion adopted October 22, 2018, or any 

subsequent detennination, if any, concerning the specific CRW2 IWT Project and site for 

location thereof within Deuel County, as proposed by Applicant, on one or more of the grounds 

as alleged in this Petition. 

85. During discovery and the taking of evidence, as authorized under the Writ, 

Petitioners, inter alia, intend to inquire of the individual members of the Deuel Cotmty Board of 

Commissioners as to which of them, if any, or their family members, have engaged in 

discussions of the facts and circumstances leading to this Special Exception Permit with persons 

representing or acting on behalf of Applicant, and also as to which of them, if any, or their 

family members, have entered into privity of contracts ( or discussions or negotiations related to 
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any contract intended but not yet executed) with Applicant for the siting of wind turbines, and 

have also engaged in discussions of the facts and circumstances with any one or more members 

of the Respondent Deuel County Planning Commission, sitting as the Board of Adjustment (the 

Board of Commissioners having powers of appointment over Respondent's constituency), the 

Board of Adjustment being a body that exercises quasi-judicial powers, and likewise as to those 

members of the Respondent Board, who, if any (or their respective family members) have 

engaged in any discussions of contracts or potential contracts (including easements or licenses) 

with Applicant or Applicant's agents or representatives, or have entered into any such contracts 

with Applicant or affiliates of Applicant. 

86. That the Coutt dete1mine, in due course, the Applicant's Special Exception Penn.it 

is not the type or kind of relief or remedy that may be lawfully awarded within the context of the 

Zoning Ordinance and under the facts and circumstances presented here. Applicant proposes (a) 

the construction and operation of some 68 wind turbines, spread across thirty-seven identified 

sections of land (embracing some 19,000 leased acres, or an average of one turbine for each 280 

acres, more or less), cumbersome physical facilities (each having the ability to fall over, sling 

ice, lose turbine blades or portions thereof, and to catch on fire), that each represent a height of 

an approximate 45-story building; (b) the scattered use of wind turbines within these three 

townships, each turbine emitting, at a very high altitude, sound levels at or near the source of 

107.5 dBA, for which the only cure is adequate separation distance, even as recent health 

studies affitm that 45 dBA, as called out in the Zoning Ordinance (a ceiling level, the Petitioners 

further stress, recently adopted by the Deuel County Board of Commissioners based on wind 

industry representations that they could meet that ceiling as to non-participating homes, not 

because sound scientific medical testimony, independent of this wind industry, was adduced in 

support), is not a safe long-term exposure level for the human auditory system and the human 
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need for daily restfulness; (c) the use of turbines that will emit LFN (or infrasound, noise that can 

be felt, otherwise below the scale detected by the human ear) for which there is no regulation in 

this fox-approved Zoning Ordinance; ( d) the periodic dumping or disposal of Shadow Flicker 

upon the adjoining lands, including those of Petitioners, thus representing, at the sly urgings of 

the fox, a further invasion of the residences and properties of Petitioners, activities that are 

ostensibly blessed and protected by the Zoning Ordinance and Special Exception Permit, while 

likely leading to the extreme discomfort and annoyance of Petitioners; and ( e) to install these 68 

new wind turbines, at points set back from various highways and roads in such a manner that 

may facially comply with the Zoning Ordinance (just as the fox requested and designed it), but 

which yet, rather surprisingly, is in conflict with the revealed, calculated "stay-back" zone 

recommended by the manufacturer of the wind turbines, thus presenting a hazard to the health, 

safety, comfort, and well-being of Petitioners and all those who must pass by or live in and 

around this Applicant's IWT Project, carrying the innocent label of "wind farm." In totality of 

these uses and circumstances, Applicant's Special Exception Permit must be seen for what it 

truly is: a de facto taking of, under color of law, but in reality, an intrusion upon private property 

(namely, that of Petitioners), somewhat resembling an implied easement or servitude, but 

adversely seized from the hands of Petitioners without just compensation, even while being 

unanimously approved by the Respondent Board of Adjustment in a purported exercise of quasi

judicial powers, the effect of which is to confer the benefits of this taking upon both the 

Applicant and those in financial privity with Applicant. The Special Exception Permit - in the 

context of this "wind farm" - is an invidious form of "Trespass Zoning," where Petitioners lose 

rights of enjoyment and future use in their respective properties, while Applicant gains 

accordingly, albeit somewhat obliged to share the spoils with Participating Owners and, of 

course, the County's own fisc. But, the legal power to take, in this bold, intensive, conflictual 

Petition for Writ of Certiorari 
- 32-

Filed: 11/15/2018 3:18 PM CST Deuel County, South Dakota 19CIV18-000061 007978

ADMINISTRATIVE RECORD - Scan 10 - Page 84 of 150

- Page 3152 -



Exhibit A7-1

Page  000045

and controversial way, has neither been vested with nor delegated to Deuel County as an actual 

Zoning Power. The Legislature - itself lacking such powers - has not delegated to any county 

the ability to exercise essential quasi-judicial powers, which under the guise of the Zoning Power 

and in the fotm of a Special Exception Petmit, may be pervasively and intmsively inflicted upon 

selected citizens and residents, for the benefit of those "neighbors" (Participating Owners) in 

privity of contract with Applicant. The Respondent Board has acted beyond its lawful 

jurisdiction. 

87. That the Court award costs to Petitioners and against Respondent, for having 

acted in an absence of proper jurisdiction, in the manner as stated and alleged hereinabove, or 

that as the decision of Respondent, sitting as the Board of Adjustment, is not in conformity with 

the requirements of the Zoning Ordinance, the Comp Plan (the proposed use, on this scale, of 

this density, and consequential impact upon both adjoining properties and inhabitants, is simply 

not compatible with others, as required), and other governing law and, therefore, is illegal. 

88. That the Applicant's submission, comprising the request for Special Exception 

Permit, does not facially comply with the requirements of the Zoning Ordinance; for example, 

submitting an endless compilation of those formal filings previously provided to the Register of 

Deeds, captioned "memorandum of leases and agreements," does not meet the requirement that 

"copy of easement agreements with landowners" be submitted to the Board of Adjustment 

(Section 1215.15.c.). A memorandum of leases and easements, already recorded with the Deuel 

County Register of Deeds, is not itself the easement agreement with those several landowners 

(formerly known as "neighbors") declaring themselves ready and willing to serve as hosts by 

privity of contract with Applicant. The Decision is, therefore, illegal, and should be reversed. 

89. The Zoning Ordinance, as amended in 2017, provides for setbacks from "existing 

Non-Participating residences" (Section 1215.2.a), thus inviting the use of Trespass Zoning, as 
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alleged, upon the properties of Petitioners, such setbacks also being arbitrary, unequal, and 

discriminatory in comparison to the generous setbacks (1-mile) afforded to others within the 

Zoning Ordinance (the "others," apparently, being deemed as more deserving of greater 

protection, through increased setbacks, from the noise, hazards, Shadow Flicker, and risk of 

being situated, even while attempting to live one's life, at a site much too proximate to one or 

more of the 68 gigantic, outsized industrial plants that this Applicant proposes to unleash within 

what is now a quiet rural neighborhood), all in such a manner that violates both state law and the 

constitutional rights of Petitioners concerning equal protection of the laws. The Decision, 

accordingly, carries into effect an unlawful Zoning Ordinance provision. 

90. That the Decision of the Respondent Board of Adjustment be reversed, together 

with an award of all other relief allowed by law in these circumstances. 

Dated at Canton, South Dakota, this 15th day of November, 2018. 

A.J. Swanson 
ARVID J. SW ANSON, P.C. 
27452 482nd Ave. 
Canton, SD 57013 
605-743-2070 

Respectfully submitted, 

/s/ A.J. Swanson 
A.J. Swanson 

E-mail: aj@ajswanson.com 

Attorney for Petitioners, 
GARRY EHLEBRACHT, STEVEN GREBER, 
MARY GREBER, RICHARD RALL, AMY 
RALL, and LARETTA KRANZ 

(Verification of Petitioners follow on separate pages) 
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STATE OF SOUTH DAKOTA 

COUNTY OF DEUEL 

) 
: ss 
) 

In the Matter of Special Exception Permit 
Application of Crowned Ridge Wind JI, LLC 
(Deuel County Application WES Sec. 1215) 

GARRY EHLEBRACHT, STEVEN 
GREBER, MARY GREBER, RICHARD 
RALL, AMY RALL, and LARETTA 
KRANZ, 

Petitioners, 

vs. 

DEUEL COUNTY PLANNING 
COMMISSION, sitting as DEUEL 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

19CIV18-000061 

MOTION TO INTERVENE 

Crowned Ridge Wind II, LLC ("Crowned Ridge,>), by and through its attorneys of 

record, and pursuant to SDCL § 15-6-24, moves the Court for an Order allowing it to 

intervene as a respondent in the above-entitled matter. 

In support of this Motion to Intervene, Crowned Ridge states that it has an interest 

in this action, as it was granted the Special Exception Permit that is the subject of 

Petitioners' Petition for Writ of Certiorari. Crowned Ridge seeks to construct wind 

turbines on land situated in Deuel County, South Dakota, and is directly affected by the 

outcome of the Court's decision on the Writ of Certiorari. Crowned Ridge submits that 

1 
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its interests will not be adequately protected by the named Defendant, as they have 

distinct interests. Finally, in their Petition for Writ of Certiorari, Petitioners indicate they 

do not oppose or object to Crowned Ridge's intervention. 1 See Petition for Certiorari, p. 

2, 12. 

Dated this __ day of November, 2018. 

es -. chumacher 
Dana Van Beek Palmer 
Steven J. Oberg 
Attorneys for Defendants 

-· --·· 

110 N. Minnesota A venue, Suite 400 
Sioux Falls, SD 57104 
Telephone: (605) 332-5999 
mschumacher@lynnjackson.com 
dpa1mer@lynnjackson.com 
soberg@lynnjackson.com 

1 Because Petitioners have indicated they do not object to Crowned Ridge's intervention, no 
supporting brief is being submitted along with this Motion. If the Court desires briefing on the 
issue, Crowned Ridge will, of course, submit such briefing. 

2 
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STATE OF SOUTH DAKOTA 

COUNTY OF DEUEL 

) 
: ss 
) 

In the Matter of Special Exception Permit 
Application of Crowned Ridge Wind II, LLC 
(Deuel County Application WES Sec. 1215) 

GARRY EHLEBRACHT, STEVEN 
GREBER, MARY GREBER, RICHARD 
RALL, AMY RALL, and 
LARETTA KRANZ, 

Petitioners, 
vs. 

DEUEL COUNTY PLANNING 
COMMISSION, sitting as DEUEL 
COUNTY BOARD OF ADJUSTMENT, and 
CROWNED RIDGE WIND II, LLC, 

Respondents. 

THE STATE OF SOUTH DAKOTA TO: 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

19CIV 18-000061 

WRIT OF CERTIORARI 
(SDCL § 11-2-61) 

RESPONDENT DEUEL COUNTY PLANNING COMMISSION, SITTING AS THE DEUEL 
COUNTY BOARD OF ADJUSTMENT, AND DEUEL COUNTY STATE'S ATTORNEY, 
JOHN D. KNIGHT, GREETINGS: 

IT APPEARING: upon the Petition for Writ of Certiorari, verified by Petitioners 

GARRY EHLEBRACHT, STEVEN GREBER, MARY GREBER, RICHARD RALL, AMY 

RALL, and LARETTA KRANZ, now being presented to this Court pursuant to SDCL § 11-2-

61, and concerning the certain action of Respondent Board of Adjustment made on October 22, 

2018 ("Decision"), under provisions of the Deuel County Zoning Ordinance and as to a Special 

Exception Permit sought by CROWNED RIDGE WIND II, LLC, a Delaware limited liability 

company ("Applicant"), having an address of Corp Gov - Law/JB, 700 Universe Blvd., Juno 

Beach, FL 33408, and a registered agent and office within the state of Corporation Service 

Company, 503 S. Pierre St., Pierre, SD 57501-4522; Applicant seeks the permit for the 

007983
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Writ of Certiorari 
19CIV18-000061 (Deuel County) 
Ehlebrac,U, et al. vs. Deuel County Planning Com.mission sit.ting as the 
Deuel County Board of Adjustment and Crowned Ridge Wind, UC, Respondents 

construction and operation of sixty-eight (68) wind turbines, upon some 19,169.54 acres of 

leased lands, situate within Goodwin, Havana, and Rome Townships, within Deuel County, 

South Dakota; and 

IT APPEARING FURTHER, as the statute requires an asse1tion that the action taken is 

illegal, in whole or in part, and specifying the grounds of the asserted illegality, the Court 

observes that the Petition for Writ of Certiorari, filed on November 15, 2018, makes a number of 

claims regarding the requirements of the Deuel County Zoning Ordinance, including claims the 

Decision entails approval of proposed activity of such scope and risk of harm and loss to 

Petitioners, and that, in the totality of the circumstances, represents an exercise of governmental 

power beyond the scope of the Zoning Power as may be lawfully delegated by the South Dakota 

Legislature, and inferentially, the potential illegality of Respondent's action, all such allegations, 

collectively, being deemed sufficient, as threshold matter, to warrant and support the issuance of 

a writ as sought; and 

IT APPEARING FURTHER, upon the unopposed motion and the Court's order entered 

November 26, 2018, Applicant, CROWNED RIDGE WIND II, LLC, has been permitted to 

intervene as a party respondent, and GOOD CAUSE NOW APPEARING: 

IT IS ORDERED the Writ is hereby allowed for purposes of conducting the review 

envisioned by the statute, with service hereof (along with a true copy of the Petition for Writ, 

with verifications and Exhibits A and B, and other initial pleadings, if any) to be made by U.S. 

mail (or service may be admitted) upon (a) any member of the Deuel County Planning 

Commission, sitting as the Deuel County Board of Adjustment, (b) upon either the Deuel County 

Auditor or Zoning Administrator or officer, and (c) by means of ECF to the Deuel County 

State's Attorney, John D. Knight; and 

IT IS FURTHER ORDERED the Board of Adjustment shall make a return of the papers 

before Respondent as to the matter identified in the Petition, including therein all matters 

-2-
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Writ of Certiorari 
19CIV18-000061 (Deuel County) 
Ehlebrachl, et al. vs. Deuel County Planning Commission silt ing as the 
Deuel County Board of AdjusJment and Crowned Ridge Wind, LLC, Respondents 

considered by the Board of Adjustment in reaching the action taken, within 60 days of the date of 

notice of entry or of allowance of this Writ (or other satisfactory proofs of service), or within 

such additional time as the Court may allow, the return to include a true copy of the Deuel 

County Zoning Ordinance, and Deuel County Comprehensive Plan, each as was in force and 

effect on the date of the action taken, and all other matters of Deuel County resolution or 

ordinance as relate or respond to the asse1tions or claims set forth in the Petition for Writ, all 

such matters returned to be served also upon counsel for Petitioners; and 

IT IS FURTHER ORDERED, notice of the issuance of this Writ shall be given to 

Applicant, CROWNED RIDGE WIND II, LLC, as intervening respondent, by means of ECF to 

the several counsel appearing for such Applicant, and in the event Petitioners seek to stay the 

proceedings to be reviewed by Writ, in accord with SDCL § 11-2-62, separate notice of the 

application shall be given to Respondent Board of Adjustment, Deuel County State's Attorney 

and any other counsel appearing for Respondent Board of Adjustment, as well as counsel 

appearing for the Applicant, as intervening respondent; and 

IT IS FINALLY ORDERED: whether upon motion of a party or sua sponte, the Court 

may issue such other and additional orders in this matter for purposes of administration of 

justice, or in the hearing or trial of the case, and the parties shall be entitled to exercise written or 

other discovery methods as provided for by Chapter 15-6, SDCL. 

Issued: 

Attest: 
Reichling, Sandy 
Clerk/Deputy 

Ill a 
Filed on: 11/29/2018 DEUEL 

~l.9Q~d: 11/29/2018 10:46:57 AM 
BY THE COURT: 

- • .- - ~ -
H norac .e awn M. Elshere 
Circ · Court Judge 

- 3 -
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter ofConditional Use Permit 
Applications of Crowned Ridge Wind, I.LC & 
Crowned Ridge Wind II, LLC., assigned 
CUP08172018, 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

25CIV19-__ 2_5C_IV_19-000007 

PETITION FOR WRIT 
OF CERTIORARI 
(SDCL § 11-2-61) 

COME NOW these Petitioners, namely, JARED KRAKOW, MEGAN KRAKOW, 

KEVIN KRAKOW, CINDY KRAKOW, KELLY OWEN, and KEVIN OWEN (collectively, 

"Petitioners"), each a landowner and resident of Grant County, South Dakota, by and through 

their undersigned attorneys of record, A.J. Swanson, of Canton, South Dakota and Jared Gass, of 

Brookings, South Dakota, and by this Petition for Writ of Certiorari ("Petition"), and now state 

and present to this Court, upon their knowledge, information or belief, as follows: 

A. Preface: 

1. This Petition is a challenge to land use rights being conferred upon two affiliated 

foreign limited liability companies (identified herein) for the constmction of another so-called 

"wind farm" in Grant County, this being the fifth and sixth such similar land use right granted by 

government boards and officials over the course of a relatively short time period (since March 

2017). Despite the benign title of "wind farm," there is nothing associated with this kind of an 
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industrial complex that is remotely "agricultural" in nature, nor is it a land use historically 

associated with farms and farming in South Dakota The moving pieces and components of the 

"wind farm" are so inherently noisy and obnoxious in their operation (when operating, and 

indeed, even when not), and also potentially dangerous to human life, property, and wildlife that 

a "wind farm," as such, might only be constructed and maintained in a remote, rural area, 

relatively free from potential human conflict. But, it does not follow that the rural area in and 

around the farms, ranches and residences of these Petitioners in Grant County is a lawful place to 

build and maintain this "wind farm," an immense, constructed result that, once built and in place, 

will be an ever-present blight upon, and pose a hazard to, the landscape and community, likely to 

last for the remaining lives and being of each Petitioner coming before this Court. 

2. During the May 2014 shareholders' meeting, Berkshire Hathaway's CEO, Warren 

Buffett (also known as the "Oracle of Omaha") was recorded to declare: 

I will do anything that is basically covered by the law to reduce Berkshire's tax 
rate. For example, on wind energy, we get a tax credit [Wind Production Tax 
Credit] if we build a lot of wind farms. That's the only reason to build them. 
They don 't make sense without the tax credit. 

3. While Buffett and Berkshire focus on developments in Iowa, the northeastern 

counties of South Dakota have garnered attention from NEXTERA ENERGY, INC. 

(NYSE:NEE) and APEX CLEAN ENERGY. Collectively, these entities - and their many 

predecessors and like-minded competitors, all looking to develop wind energy - are referenced 

herein as "Big Wind." Over the past several years, agents and managers of Big Wind have 

scoured Grant County, and adjoining areas of Codington and Deuel Counties. AB a result, those 

referenced herein as "Participating Landowners," have expressed a willingness to surrender, in 

exchange for present payment of money and promises of future compensation, a significant 

range of usual landowner rights and privileges, whether such exchanges have been documented 

Petition for Writ of Certiorari 
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in instruments entitled "land lease," or "wind easement," or even a so-called "good neighbor 

agreement." The land use permits (being challenged here by Petitioners) are essential, pre

construction steps, quickly facilitated by the prompt approvals of Grant County officials and 

boards, involving the exercise of quasi-judicial powers and a delegated zoning power claim, all 

arising under the current Grant County Zoning Ordinance ("Zoning Ordinance"). The land use 

permits (Conditional Use Permits, or "CUP"), together with Respondent's inherent claim of 

having the requisite power to act, are challenged by this Petition; challenged also is the manner 

in which the quasi-judicial powers have been exercised, by the Board of Adjustment - one that is 

not free from the taint of self-interests, bias and conflicts of interest. 

B. Introduction: 

4. Petitioners, by means of this Petition, with separate verifications annexed, allege 

that a certain decision was made by GRANT COUNTY PLANNING COMMISSION, sitting as 

the GRANT COUNTY BOARD OF ADJUSTMENT ("Respondent" or sometimes, "Board" or 

"Board of Adjustment," as then comprised), upon the affirmative, approving vote of a majority 

(6 in favor, 1 opposed), adopted during the Board's session held in Milbank, South Dakota, on 

December 17, 2018 (the "Decision''), concerning related applications ( or perhaps a single 

application) for a Conditional Use Permit ("CUP"), jointly pursued by two affiliates of NextEra 

of Juno Beach, Florida ("NextEra"), namely, CROWNED RIDGE WIND, LLC and CROWNED 

RIDGE WIND II, LLC. ("Applicant," sometimes stated in plural fo1m), collectively proposing to 

develop a ''wind energy system" (sometimes, "WES" or "WES Project") in Mazeppa, Stockholm 

and Troy Townships of Grant County, South Dakota. 

5. The Decision of the Board made December 17, 2018, is then further represented 

by certain "Findings of Fact," comprised of six (6) pages and sixteen (16) numbered paragraphs, 

signed by the Board of Adjustment's Chairperson, Nancy Johnson, on December 28, 2018, 

Petition for Writ of Certiorari 
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reflecting also a "date filed" of December 28, 2018. Although Petitioners had understood the 

Applicants were each seeking a CUP, only one number appears to have been assigned - namely, 

CUP08172018 (a handwritten entry, appearing on the final page of Decision). A true copy of the 

Decision (including a report on the vote and an embraced Exhibit A, comprising a map of the 

proposed "wind farms"), as so comprised, is attached to this Petition as "Exhibit P-1" and 

incorporated by this reference. 

6. Grant County is a large place (687 square miles) with a shrinking population base, 

untouched - until now - by the frenzy of the industrial wind turbine industry (including the WES 

Projects at issue here) in pursuit of the Wind Production Tax Credit, which also happens to be of 

interest to Mr. Buffett. As of this writing, there remains not a single, grid-connected wind 

turbine up and operating anywhere in Grant County. The effort to obtain land use permits 

(leading to hundreds of turbines of similar immense size) is well underway, however, 

particularly in the westem townships of Farmington, Blooming Valley, Lura, Osceola, Mazeppa, 

Twin Brooks, Stockholm and Troy. 

7. To the information and belief of Petitioners, the WES proposed by Applicants -

to the extent proposed to be built within Grant County and as are described in the related CUP 

applications referenced in the Decision - embraces thirty-two (32) wind turbines. Petitioners 

further believe these turbines are represented by Applicants to consist of 2.3 MW General 

Electric models, having a rotor diameter of 116 meters (380 feet) and a hub height of 90 meters 

(295 feet), reflecting a total overall height (rotor blade extended horizontally) of approximately 

485 feet. (The sheer immensity of these dimensions, in comparison to all other surrounding 

components, trees and structures of the landscape within the three townships of Mazeppa, 

Stockholm and Troy - cannot be overstated.) 

Petition for Writ of Certiorari 
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8. The WES Projects proposed by Applicants within the CUP Application in 

question are part of a much larger, multi-county ''wind farm" development, spread across the 

Grant, Deuel, and Codington Counties, South Dakota, and are known as the "Crowned Ridge 

Wind I" and "Crowned Ridge Wind II" projects (collectively, the "CRW Projects"). According 

to the Applicants, each of these CRW Projects, all told, is a 300 megawatt (MW) project, and 

obviously involving many dozens of wind turbines beyond the boundaries of Grant County. 

9. As related in a certain facility pennit application to the South Dakota Public 

Utilities Commission, dated October 17, 2017, these Applicants propose to also build a 34-mile 

transmission line (in Codington and Grant Counties), connecting the CRW Projects to the "Big 

Stone South Substation owned by Otter Tail Power Company." (Section 1.1, Executive 

Summary, at 1, PUC filing.) That transmission line does not appear to be part of the CUP 

Application; during the course of hearing on November 13, 2018, however, Applicants 

maintained that it was. 

10. Further, the two CRW Projects, directly in question here, are also directly 

contiguous to the proposed WES Project of one CA TILE RIDGE WIND FARM, LLC 

("CRWF" or the "CRWF Project"). Upon infonnation and belief, Petitioners aver the CRWF 

Project is proposed as 127 turbines (similar size), with capacity of 200 to 400 MW project within 

Osceola, Mazeppa, Twin Brooks and Stockholm Townships, Grant County. 

11. The CRWF Project was the subject of a prior CUP application to the Grant 

County Board of Adjustment, for which a determination of approval was obtained in March 2017 

(minutes of BOA dated March 13, 2017); at the time of approving the CRWF Project, the Board 

was comprised of members Nancy Johnson, Mike Mach, Bob Spartz, Richard Hansen, Tom 

Adler, Gary Lindeman and Tom Pillatzki, with Dave Kruger and Don Weber serving as 

alternates. In considering the CRWF Project, member Richard Hansen recused, declaring 

Petition for Writ of Certiorari 
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himself a party to the project in question, with Don Weber serving as alternate. The Board, in 

due course, approved the CUP for the CRWF Project exactly as proposed by that particular 

applicant. 

12. As of March 2017, the CRWF Project was being fronted by an entity known as 

Geronimo Energy, LLC of Edina, Minnesota; later that year, the registered office and agent of 

CRWF was changed to the identical Juno Beach, Florida address otherwise appearing in public 

records for the Applicants identified in paragraph 4, above. Petitioners, therefore, believe that 

CRWF is now a sister entity to these Applicants, and as represented by one Tyler Wilhelm to the 

Board of Adjustment on November 13, 2018, Cattle Ridge is "part of our regional footprint," but 

"not the subject to today's review." That statement is true for this Petition, but the facts 

regarding CR WF have been stated here for context and relationship with these Applicants. 

13. As stated previously, the Conditional Use Permit ( one Application, but two 

Applicants, it appears) at issue here are approximately the fifth and sixth such "wind-farm" or 

WES Projects presented to the Board of Adjustment over the past twenty or twenty-four months. 

To the best infom1ation, knowledge and belief of Petitioners, each of the CUP Applicants 

(including those being challenged by this Petition) have come to Grant County and have been 

granted exactly what they have proposed in their respective CUP Applications, notwithstanding 

the expressed concerns of the local residents. 

14. The constituency of the Board of Adjustment, at the time of the public hearing, 

held November 13, 2018, and at the time of the Decision made December 17, 2018 (entered in 

the Board's office on December 28, 2018), are these residents of Grant Cow1ty: Tom Adler, Tom 

Pillatzki, Nancy Johnson, Richard Hansen, Mike Mach, Bob Spartz and Mark Leddy, with others 

- namely, Don Weber and Jeff McCulloch - serving as alternate members. 

Petition for Writ of Certiorari 
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15. Two members of the Board of Adjustment deemed themselves recused (namely, 

Nancy Johnson and Richard Hansen, apparently due to being directly interested in the WES 

Projects then under consideration - but details are lacking, as Nancy Johnson was not identified 

as a "Participating Owner" - meaning, one willingly making room for a "wind farm," to be 

located, in part, upon their own property), on both November 13, 2018, and on December 17, 

2018. After altemate members Don Weber and Jeff McCulloch were seated, the Board then 

additionally consisted of Tom Adler, Tom Pillatzki, Mike Mach, Bob Spaitz and Mark Leddy. 

16. That Chairperson Nancy Johnson, although recused on November 13, 2018 and 

December 17, 2018, then retums to her position to approve and sign the Findings of Fact 

(Exhibit P-1 ) comprising the Decision, filed December 28, 2018, approving the CUP Application 

for these Applicants, seems to suffer from a glaring legal juxtaposition. 

17. Though the Board of Adjustment's Chairperson Nancy Johnson and member 

Richard Hansen (as of November 13, 2018) deemed themselves disqualified from deliberating on 

or approving the CUP Applications of "wind farms" in which they are said to have some direct 

interest, such persons, while sitting also as members of the Grant County Planning Commission, 

have nevertheless continued to act (also on December 17, 2018) as voting members in the 

preparation and recommendation of a new ''wind farm" ordinance for Grant County (namely, 

2016-0lC - more on this topic later in this Petition). 

18. The recusal and "no-recusal" circumstances (briefly referenced in paragraph 17) 

are of legal significance, as the developers of WES Projects openly supported adoption of the 

Zoning Ordinance amendments (per the minutes of the Grant County Planning Commission for 

December 17, 2018), even while many local residents objected to a new ordinance not 

sufficiently protective of the public's interests. Yet, these Applicants proved unwilling to wait 

for the new amendments to become effective - hence, the Decision would be entered by the 
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Board of Adjustment on December 17, 2018, notwithstanding the Board's adoption of a 

postponement motion on November 13, 2018 (as further referenced in paragraph 90, infra). 

19. The two Planning Commission members (Johnson and Hansen) - with conflicts of 

interest such that they cannot serve as Board of Adjustment members - continued with writing 

the new Zoning Ordinance's Section 1211. The new amendment was then presented to and 

adopted by the County Board, an adoption which, in fact, duly transpired on December 28, 2018, 

even as the so-called "public input" opportunity in Milbank was held in the midst of a serious 

blizzard with no travel advised, and snowdrifts covered the courthouse parking lot. This frenzy 

is about what Petitioners have come to expect from a majority of Grant County officials, those 

with an obvious appetite for even more ''wind fa1ms" - the urgent need to act on December 28, 

2018, Petitioners submit, is more about the departure of a long-time member of the County 

Board, favorably disposed to Big Wind's plans, as further referenced in paragraph 82, infra. 

20. The described circumstances are indicative of a county - Grant County - carefully 

prepared over the years as someone's idea of a financial feast. Various officials and agents of 

Grant County (which is to say a majority, but not all of them) with economic self-interests at 

heart - after a false start some six years ago - have long anticipated WES Project developers in 

pursuit of tax credits (or whatever it is the "Oracle of Omaha" is also pursuing). Now, Big Wind 

has reached Grant County, contract forms and check.book in hand, and the cooking of this 

desired feast has begun. To prepare the table, Grant County officials lay off onto Non

Participating Owners (including Petitioners), the burdens and detriments of being neighbors to 

WES Projects, thus limiting the scope and cost of "wind easements" or other contractual 

an·angements that must be funded by Applicants. Entirely uncompensated for their troubles and 

disrnptions, Petitioners, inter alia, are adversely affected (and exposed to health risks) by the 

necessity of continuing to live and work in proximity to future "wind farm" operations. 
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C. Identification of Petitioners: 

21. Each of the Petitioners identified and their respective interests is that of a ''Non-

Participating Owner" - meaning, Petitioners have entered into no lease, contracts or easements 

of any description to foster WES Projects (except as specifically noted in paragraph 25, 

following), so as to foster any aid, assistance or comfort to these Applicants, or to extend a legal 

or beneficial relationship in the use of their lands with or to and in favor of such Applicants and 

their covey of Participating Owners. Further, each of the identified Petitioners is the fee owner 

of his or her real estate, subject only to any encumbrances, reservations, easements and 

restrictions of record, none of which run in favor of Applicants, and each Petitioner claims to be 

the exclusive owner of his or her respective lands, as further referenced herein. 

22. Those having the privilege of studying real property law under Professor Oliver 

E. Laymon (LL.B., 1947, Boston University) during his long tenure at the University of South 

Dakota, School of Law, will recognize that the kind and quality of fee ownership being claimed 

by each of the Petitioners (as a Non-Participating Owner) is that of"the entire bundle of sticks," 

representing "fee ownership" of the kind and quality recognized by SDCL § 43-2-1, et seq. 

23. Futiher, Petitioners maintain that neither Grant County, as a political subdivision, 

nor either of the Applicants identified herein (except the one instance as noted in paragraph 25), 

have acquired any easement or right of access or entrance upon or over the properties of 

Petitioners, nor is there any lawful claim of a right or servitude to make adverse or unwelcome 

use of any of the properties of the Petitioners, with the exception of statutory highways (Chapter 

31-18, SDCL) or those parcels (if any) acquired by Grant County for the making of road 

improvements. 

24. JARED KRAKOW, spouse, MEGAN KRAKOW, together with their 3 children, 

(collectively, "JARED KRAKOW") reside at 16460 470th Ave., Strandburg, SD 57265. JARED 
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KRAKOW is the owner of two parcels of land, consisting of approximately 267 acres, in 

Sections 21 and 22, Township 118, Range 50 West (Troy Township, Grant County), and having 

lived at this address for several years. The JARED KRAKOW residence is located within the 

same farmstead of propetiy owned by parents, Kevin & Cindy Krakow. 

25. KEVIN KRAKOW, with spouse CINDY KRAKOW, reside at 16462 470th Ave., 

Strandburg, SD 57265, having resided at this address since 1986 (collectively, "KEVIN 

KRAKOW"), and being the owners of approximately 1,650 acres of lands in Sections 25, 26 and 

27 of Troy Township, and Sections 31 and 32, Stockholm Township. KEVIN KRAKOW was 

recently paid the sum of $15,000 by interests aligned with these Applicants, to overhang a comer 

of the land in Section 31, Stockholm Township, with a powerline - to this limited extent, KEVIN 

KRAKOW is a "Participating Owner," but that potential, future powerline does not seem to be 

directly involved within the scope of this CUP. Having been paid for that specific small area of 

''overhang," however, KEVIN KRAKOW further notes that all the rest of his property is subject 

to the detriment arising from proximity to a "wind-farm," such property being used, without 

permission, to support the CUP Application in question and for the direct financial benefit of the 

Applicants but without any duty to pay ''just compensation" to the owner (this taking, in the 

guise of the Zoning Power, is the essence of "Trespass Zoning," as referenced in this Petition). 

26. KELLY OWEN resides with his minor children, Riley Owen and Kendall Owen 

(collectively, "KELLY OWEN") at 15629 468th Ave., Stockholm, SD 57264, being also the 

owner of 1,150 acres of land in Sections 8, 9, 17, 29, and 30 (Stockholm Township), Township 

119 North, Range 50 West, Grant County. Additionally, KELLY OWEN is a partner in "OWEN 

BROTHERS," having ownership of an additional 460 acres, more or less, in Sections 9 and 17 

(Stockholm Township). 
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27. KEVIN OWEN resides at 46845 SD Highway 20, Stockholm, SD 57264, with 

three minor children, namely, Ethan Owen, Joselyn Owen, and Preslie Owen (collectively, 

"KEVIN OWEN"). KEVIN OWEN is the owner of approximately 380 acres of land in Sections 

20, 21, and 31 of Stockholm Township, has interests in an additional 388 acres in Section 18 (as 

beneficial owner), and is a partner in the partnership of OWEN BROTHERS, having land 

interests as referenced in paragraph 26. 

28. The Petitioners, as described, have ownership interests in lands, and are nearby 

residents and make frequent use of the county, township and state highways that run either 

through or near the boundaries of the WES Projects proposed by the Applicants, and also their 

present affiliate (the CRWF Project, see paragraphs 10-12, above). 

29. The lands and residences of the Petitioners are entirely located within the so-

called "A" or Agricultural District of Grant County, as was previously determined by the elected 

and appointed leaders and officials of Grant County under the zoning powers delegated by the 

South Dakota Legislature, as further discussed and referenced within this Petition. Under the 

zoning regulations now existing, and also under the laws of the State of South Dakota, each 

Petitioner claims to be lawfully seized of the property interests referenced in the preceding 

paragraphs, and that the use of their respective properties is lawful and in full conformance with 

Grant County's zoning regulations. (Several sticks are involved here.) 

30. Each Petitioner further claims the inchoate right, benefit and privilege of holding, 

developing, using and enjoying their respective lands in Grant County, both now and in the 

future, to the full extent permitted under the zoning ordinance adopted by Grant County. (More 

sticks within the bundle of fee title.) 

31. Furthermore, Petitioners claim the right to make use of, to access, and to enjoy 

their real estate holdings, and their respective residences, and to also make use of the roads and 
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highways within the referenced Townships of Grant County, in a manner and as a place for safe 

conveyance, comparable to that enjoyed historically. (Again, more sticks.) 

32. Petitioners, as fee owners of their respective lands, assert by virtue of SDCL § 43-

2-1 and other laws, their ownership is ''the right of one or more persons to possess and use a 

thing [in this case, land] to the exclusion of others." (More sticks in the hands of Petitioners, as 

fee owners, by virtue of these provisions.) 

33. In addition to the claim of the exclusive right to occupy and enjoy their respective 

properties in Grant County, Petitioners state with certainty that none of their lawful rights and 

claims to these lands have been conferred upon any neighbors who are "Participating Owners," 

working in collaboration with these Applicants ( except as to the limited powerline overhang 

easement, granted by KEVIN KRAKOW, as previously referenced in paragraph 25, above). Nor 

have Petitioners delegated their property rights to the officials of Grant County, including the 

Board of Adjustment, for infringement, conveyance, diminishment or debasement as these 

officials and agencies may wish or think best, whether such is being done under the guise of an 

exercise of the Zoning Power, or otherwise. 

C. The Police Power. the Zoning Power, and the Delegation of Power: 

34. Article 3, § 1, of the South Dakota Constitution vests the legislative power of the 

state in a Legislature, in which the police power is grounded, and of which the "zoning power" is 

kindred. As noted in Cary v. City of Rapid City, 1997 S.D. 18,120,559 N.W.2d 891, "[z]oning 

ordinances find their justification in the legislative police power exerted for the interest and 

convenience of the public." 

35. The Legislature, as also noted in Cary, may delegate its powers to other officers 

and governmental subdivisions, as long as appropriate standards and guidelines are provided. Id. 
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36. In 1967, the Legislature delegated zoning power to the counties, statutory 

provisions having been much amended over the past half-century, comprising Chapter 11-2, 

SDCL. 

37. To act upon this delegated power, a county must have a planning commission of 

five or more members, uneven in number, with at least one member being an elected member of 

the board of county commissioners. SDCL § 11-2-2. 

38. The county planning commission is to prepare a comprehensive plan for the 

county, SDCL § 11-2-11, the purposes ofthis plan being: 

The comprehensive plan shall be for the purpose of protecting and guiding the 
physical, social, economic, and environmental development of the county; to 
protect the tax base; to encourage a distribution of population or mode of land 
utilization that will facilitate the economical and adequate provisions of 
transportation, roads, water supply, drainage, sanitation, education, recreation, or 
other public requirements; to lessen govemmental expenditures; and to conserve 
and develop natural resources. 

39. The "delegation-of-authority" statute also defines a "comprehensive plan" as that: 

. .. document which describes in words, and may illustrate by maps, plats, charts 
and other descriptive matter, the goals, policies, and objectives of the [board of 
county commissioners] to interrelate all functional and natural systems and 
activities relating to the development of the territory under its jurisdiction. SDCL 
§ 11-2-1(3). 

40. The proposed comprehensive plan, written and recommended by the planning 

commission, is then submitted to the county board for adoption by resolution, SDCL § 11-2-20, 

with the board's action on the plan being filed with the county auditor and a notice of fact of 

adoption published. SDCL § 11-2-21. 

41. The planning commission is to also write and recommend the text of the zoning 

ordinance, which is to then be adopted by the board of county commissioners as an ordinance. 

SDCL §§ 11-2-13, -18, -20. 
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42. In adopting a zoning ordinance, the board of county commissioners may divide 

the county into districts, and within those districts, it may "regulate and restrict the erection, 

construction, reconstruction, alteration, repair or use of buildings, structures, or land." SDCL § 

11-2-14. The statute further provides that "[a]ll such regulations shall be uniform for each class 

or kind of buildings throughout each district," and such regulations "shall be made in accordance 

with a comprehensive plan and designed to lessen congestion in the streets; to secure safety from 

fire, panic and other dangers; to promote health and the general welfare; to provide adequate 

light and air; to prevent the overcrowding of land; to avoid undue concentration or scattering of 

population; to facilitate the adequate provision of transportation, water, sewerage, schools, parks, 

and other public requirements." 

43. To the extent a county adopts a zoning ordinance that allows a conditional use of 

real property, the ordinance is to "specify the approving authority, each category of conditional 

use requiring such approval, the zoning districts in which a conditional use is available, and the 

criteria for evaluating such conditional use." S DCL § 11-2-17. 3. With regard to the "approving 

authority" for conditional uses, this same statute goes on to require consideration of ''the stated 

cl'iteria, the objectives of the comprehensive plan, and the purpose of the zoning ordinance and 

its relevant zoning districts when making a decision to approve or disapprove a conditional use 

request." 

44. The statute, SDCL § 11-2-17.3, adopted in 2004, might be viewed as the 

Legislature's clarification of the delegated power to conduct county-wide zoning. A companion 

statute, SDCL § 11-2-17.4, provides further definition: 

A conditional use is any use that, owing to certain special characteristics attendant 
to its operation, may be permitted in a zoning district subject to the evaluation and 
approval by the approving authority specified in§ 11-2-17.3. A conditional use is 
subject to requirements that are different from the requirements imposed for any 
use permitted by right in the zoning district. 
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D. Grant County has Accepted the Delegation of Power: 

45. The current Comprehensive Plan for Grant County (hereafter, generally 

referenced as the "Comp Plan") was the subject of public hearings in March 2004, having been 

heard on March 16, 2004, adopted and recommended by the Planning Commission on March 16, 

2004, followed (apparently immediately) by a hearing held by the County Board on March 16, 

2004, and adopted by resolution on March 16, 2004. (SDCL § 11-2-19 requires the county board 

to first receive the planning commission's recommendation before holding its own hearing, 

pursuant to published notice.) 

46. The Comp Plan describes Grant County, comprised of 687 square miles, as 

having a declining population base, a long term, multi-caused trend dating back to 1960. (Comp 

Plan, pp. 5, 12.) Under the heading of "Future Land Use," and the label of "Fundamental 

Goals," the Comp Plan, at 24, sets forth eleven unnumbered goals, including these: 

• To provide for orderly, efficient land development within the unincorporated 
areas of Grant County. 

• To manage growth within the framework of the Grant County Comprehensive 
Use Plan and other municipal comprehensive plans. 

• To promote compatible development in the rural area. 

• To maintain a viable agricultural economy. 

• To preserve the quality of life of the residents of Grant County. 

• [To p ]romote only responsible residential, commercial and industrial development 
based upon sound siting criteria. 

47. The Comp Plan adopted in 2004 remains in place today (without any apparent 

amendment); thus, it is noteworthy this document says: ''the bulk of agricultural land (cropland, 

rangeland, and pasture) that are not expected to experience any anticipated change during the 

planning period" can be referenced as "Areas of Development Stability." As to such areas, 
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"[t]here may be an occasional residence, or an agricultural-oriented commercial/industrial 

venture constructed, but the primary use or focus should remain agricultural." (Comp Plan, at 

25.) 

48. The Comp Plan also establishes "Agricultural Preservation Policies," which 

includes these statements: 

• Preserve agricultural lands and protect the rural area from uses which interfere 
with and are not compatible with general farming practices. 

• Promote development patterns which will avoid producing inflated agricultural 
land values. 

• When considering future land use decisions, the preservation of agricultural land 
should be of significance. 

49. In the entire thirty-nine pages of text, goals and policies, the Comp Plan says 

absolutely nothing - and offers no guidance whatsoever - as to when, where, how or why one or 

more of the rural areas of Grant County might be called upon to lend themselves (and their 

neighbors) as a captive host for industrial wind farms, or the development of Wind Energy 

Systems ("WES") as proposed by these Applicants. 

50. Grant County's cun-ent Zoning Ordinance carries the label of Ordinance 2004-1; 

it appears this Zoning Ordinance was adopted April 13, 2004, the same date the Comp Plan 

became effective. The Zoning Ordinance divides the unincorporated area of Grant County into 

one of five enumerated zoning districts, "A" Agriculture being the relevant district for Petitioners 

and these Applicants. 

51. The Zoning Ordinance, Section 1101.01, describes the fo1m, function and purpose 

of the "A" district, as one "established to maintain and promote farming and related activities 

within an environment which is generally free of other land use activities." 
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52. Within the "A" district, Section 1101.02 sets fo11h a list of twelve "pennitted 

uses" - ranging from agricultural activities to fann dwellings to public parks - that may be 

established, and for which premises may be used without advance or prior approval of the Board 

of Adjustment or other County officials. 

53. A longer list of potential uses - some twenty-five in total - appears in Section 

1101.03, under the category of "Conditional Uses." A "conditional use" is required to obtain a 

"Conditional Use Permit," under other provisions of the Zoning Ordinance. The long list of 

Conditional Uses that can be recognized in the "A" district includes: institution fanns, including 

religious fanning communities (in other words, Hutterite colonies); gravel pit operations; 

seasonal retail stands, including fireworks stands; church or cemetery; airports; Class A, B, C or 

D Concentrated Animal Feeding Operations; Agribusiness Activities, and "Wind Energy 

System." It is noted that a "Wind Energy System" can only be located within the "A" district, 

and only as a "Conditional Use." 

54. The Zoning Ordinance itself - in Section 228 - defines a "Conditional Use" in 

this manner: 

A conditional use is a use that would not be appropriate generally or without 
restriction throughout the zoning division or district, but which, if controlled as to 
number, area, location or relation to the neighborhood, would promote the public 
health, safety, welfare, morals, order, comfort, convenience, appearance, 
prosperity, or general welfare. Such uses may be permitted in a zoning district as 
conditional uses, as specific provisions for such exceptions are made in these 
zoning regulations. Conditional uses are subject to evaluation and approval by 
the Board of Adjustment and are administrative in nature. [Ord. 2004-1] 
[Emphasis supplied.] 

55. Within the "A" district of this County, no structure is to exceed two and one-half 

stories (2 1/2) stories, or thirty-five (35) feet in height, per Section 1105.05, but with the 

exceptions of "Agricultural buildings; Chimneys, smokestacks, and cooling towers; radio and 

TV towers; Water tanks; Elevators; and Others, provided that they are not used for human 
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occupancy." Petitioners assume the last category is relied upon by the Board to petmit the 

construction of wind turbines to a height of 485 feet, as humans would not ordinarily occupy the 

working ai·ea of a turbine. (No maximum, overall height is otherwise imposed on wind turbines 

- this is of some importance, since at the time of Zoning Ordinance writing in 2004, the typical 

wind turbine was perhaps 320 feet in height. The turbines involved here are said to be 485 feet, 

and continue to grow larger in other areas. Recently, wind developers have disputed the right of 

an Iowa county to limit the height of turbines at 600 feet. Is there a height limit in Grant County 

for turbines - either under the Zoning Ordinance, or the CUP in question? No.) 

56. This expansive blessing within Section 1105.05 of the Zoning Ordinance does not 

detract from the simple fact that there ai·e few if any broadcast towers approaching this height in 

Grant County ( one in Section 30, Mazeppa Township, of unknown height), but one chimney or 

smokestack higher than 100 feet in Grant County, and no agricultural buildings, water towers or 

elevators coming anywhere close to even 011e-fou1ih or one-fifth of this height. 

57. Petitioners note the Big Stone Plant controlled by Otter Tail Power Company, 

with 53.9% ownership, in the northeast corner of Grant County, has a stack height of 498 feet, 

just 13 feet higher than each of the wind turbines proposed by Applicants. This stack is one-of

a-kind for Grant County. The sheer, overwhelming presence of a single 485-foot turbine (with 

blade in full vertical position) - while carrying a 380-foot rotor assembly pinned at the 90 meter 

height ( and rotating, of course) - cannot be overstated. 

5 8. With these two Applicants, and for these two WES Projects alone ( covered by one 

CUP), Petitioners must then multiply by thirty-two (32)! This result would be comparable to 

being sutTOlmded (permanently, not some transitory conditional use, like selling fireworks in the 

lead up to July 4) by structures somewhat comparable in height to 32 of the current smokestack 

at the Big Stone Plant. Plus, these 32 ''wind-farm" structures are also equipped with rotors of 
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380 feet diameter (190 foot radius), rotating at the hub height of approximately 350 feet, while 

also emitting or dumping noise onto the countryside of around 107 dB(A) from that extreme 

height (there are, of course, no trees in Petitioners' townships high or thick enough to block 

sound emissions from that height). Fmther, the rotors, as is asserted in this Petition, also have 

the distinct ability (like the young athlete winding up to throw the javelin, the rotor tips will spin 

at about 160 mph- or more) to shed and throw ice sheets and chunks over a significant distance, 

if not parts and pieces of the rotors themselves whenever such decide to delaminate rather than 

continue to function in proper rotation. 

59. While keeping firmly in mind the definition of a CUP, as provided in Section 228 

of the Zoning Ordinance, the end result of a so-called ''wind fann" more closely resembles the 

invasion of a rural zoning district, one casting a permanent blight upon and a dancing shadow 

over the "neighborhood" (as referenced in Section 228), not some isolated or solitary 

landowner's wish to engage in a conditional use (such as a "home occupation"). 

60. Section 287 of the Zoning Ordinance defines "Wind Energy System" as: 

A commonly owned and/or managed integrated system that converts wind 
movement into electricity. All of the following are encompassed in this definition 
of system: 

a. Tower or multiple towers, 
b. Generator(s), 
c. Blades, 
d. Power collection systems, and 
e. Electric interconnection systems. [Ord. 2004-1, Rev. 2004-lG] 

61. The Zoning Ordinance also includes Section 1211, specifically addressing 

"Energy System (WES) Requirements," provisions that run for under five pages of the ordinance 

(pp. 64-69). The stated purpose of these requirements - as a CUP Application - is to "protect the 

health, safety and welfare of the County's citizens." Nearly all of these provisions, Petitioners 

assert, deal with the arcane features of laying out and constructing of a so-called "WES," such as 
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''the pennittees shall utilize all reasonable measures and practices of construction to control 

dust." (Zoning Ordinance, Section 1211.03.1.v.). 

62. Section 1211, as adopted in 2004, does require the pe1mittee (Applicant) to 

observe minimum spacing requirements, for example: from any "existing off-site residences, 

businesses, churches and buildings owned and/or maintained by a government entity shall be at 

least one thousand (1,000) feet, while from "on-site or lessor's residence shall be at least five 

hundred (500) feet," such distances being measured from the "wall line of the neighboring 

principal building to the base of the WES tower." (Emphasis supplied.) Further, from the 

centerline of public roads, the distance is to be at least five hundred (500) feet or one hundred ten 

percent (110%) of the height of the wind turbines, whichever distance is greater. (The turbines 

proposed by these Applicants are represented to be 485 feet high, more or less.) 

63. Several decades ago, governmental and wind-energy interests converged to create 

a so-called "Model Wind Energy Ordinance" (or similar title, hereafter "Model"), for purposes 

of advocating the Model to local governments exercising planning and zoning powers. The 

sponsors appear to have included the U.S. Department of Energy and lobbying interests, 

although a cun-ent review of websites failed to recover even a single version of these Models 

from the approximate era of 1995 to 2001. 

64. Petitioners do assert to this Court that, judging entirely from current text of 

second or third iterations of the "Model" (while noting also the similarities with the Zoning 

Ordinance at issue here), such provisions were prepared not with the protection of the general 

public foremost in mind, but rather, the objective of advancing wind farm development interests. 

Governmental agencies then dutifully responded by encouraging local governments ( counties 

exercising zoning powers, such as Grant County) to adopt a Zoning Ordinance something like 

the Model, including language so clearly friendly to pro-wind development interests. 
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65. Petitioners further believe that the reason the Model, dating back approximately 

two decades, can no longer be found or located on the website of U.S. Department of Energy is 

one of official embarrassment (assuming a governmental agency is capable of that emotion). In 

the light of knowledge developed from actual experience with "wind farms," the Model was 

biased and slanted in favor of wind development, with the goal of promoting and cheerleading 

development, while having little regard for the safety and property interests of the rural citizens 

where those "wind-farms" would someday hopefully materialize. 

66. Petitioners further note that, at one time, the South Dakota Public Utilities 

Commission ("PUC") had a locally-developed version of the "Model" (now, the "South Dakota 

Model") available for downloading from its website; however, this South Dakota Model can no 

longer be located (by Petitioners' counsel) on the agency's website. What is likely a second

generation version of the South Dakota Model - dated in 2008 - is in the hands of Petitioners, 

but is also no longer available on the PUC website. Like the Model referenced in paragraphs 63, 

et seq., the South Dakota Model was guided, if not suggested or indirectly written through 

suggestions and recommendations, by the many hands of "Big Wind," with provisions to be 

thereafter applied to WES Projects in South Dakota, when and as proposed by "Big Wind." 

67. For years, C'JTant County - along with neighboring Codington County and Deuel 

County (and others) - have contracted with First District Association of Local Governments 

("First District"), of Watertown, South Dakota, for assistance and direction in preparing plans 

and ordinances in conjunction with the Legislature's delegation of power to zone. The Comp 

Plans of each county served by First District strongly resemble each other, as do the respective 

Zoning Ordinances' provisions dealing with Wind Energy Systems (WES). Petitioners further 

believe that First District, in tum, was heavily influenced in the writing of Grant County's Comp 
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Plan and Zoning Ordinance - including the current WES provisions in Section 1211 - by the 

"wind farm" provisions from the South Dakota Model. 

68. Thus, when Grant County wrote the Zoning Ordinance, by means of the Planning 

Commission (under the process referenced in paragraphs 41-42, above), adopting also the WES 

provisions in Section 1211 (as referenced in paragraphs 61-62), First District having prepared the 

proposed text, the County would adopt and deploy WES control provisions from sources that, in 

the first instance, were approved - if not ghost-written - by "Big Wind" itself: of which these 

Applicants are current exemplars, along with being the beneficiaries of Big Wind's earlier work. 

69. As such, the resulting Grant County Zoning Ordinance is one that promotes ''wind 

fa1m" development (although a "use" unmentioned in the corresponding Comp Plan). This 

viewpoint is advanced entirely at the expense of public safety (given twenty years or better of 

actual operational experience in other places), and is contrary to the vested interests of those with 

Grant County property desiring to continue ownership and enjoyment of their respective 

"bundles of sticks," as Non-Participating Owners, to include an inchoate future right to use and 

improve their property as they wish, in a manner consistent with the Zoning Ordinance. 

70. In summruy, Petitioners aver, the public safety and public interest shortcomings 

of the current Zoning Ordinance include these few examples, among other points of concern: 

(a) Setback Measurements. In Grant County, the specified setbacks from turbines are 

invariably measured from the base of turbines, not the extended horizontal reach of the 

rotor. This means of measurement ignores the fact the rotor diameter, when wind 

direction flows perpendicular to the object, such as a road right-of-way, will extend about 

190 feet closer to the object than when measured from the base - of particular concern 

when the blades start throwing ice sheets, for example. More as to this concern is 

outlined in subparagraphs, following. 
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(b) Setbacks to Dwellings - Trespass Zoning. With respect to dwellings (whether 

such are deemed "Participating" or "Nonparticipating" in relationship to the wind-farm 

developer), setbacks from turbines are also measured from the "wall line of the 

neighboring principal building" to the "base of the WES tower." This means of 

measurement does not even pretend to be concerned about accessory structures or 

outbuildings, such as shops, garages, etc., and also affords no protection for the 

Nonpruticipating Owner to further improve his or her lands with other buildings that are 

even closer to the WES tower base than the measurement focused upon. This is the 

essence of the "Trespass Zoning" concept also stated in this Petition, and as annexed in 

Exhjbit P-2 (incorporated by reference), whereby the "wind-farm," with CUP in hand, 

claims the right to adversely (inversely) occupy portions of a Nonparticipating Owner's 

property, without any pe1mission, license or easement and, of course, also free of charge. 

This is an attempt to take, without just compensation, many of the sticks within the 

bundle represented by fee ownership of these nearby lands of Nonparticipating Owners. 

(c) Ice Throw & "Keep Out Zones" - GE's Formula. The setbacks provided in the 

Zoning Ordinance, both the distance from the base of turbines to roads, or a "neighboring 

principal building," are inadequate from a public safety standpoint. General Electric, the 

manufacturer of the 2.3 MW turbines proposed for use by these Applicants, has published 

a short pamphlet entitled "Ice Shedding and Ice Throw - Risk and Mitigation;" this 

manual references "Wind Energy Production in Cold Climate," Tammelin, Cavaliere, et 

al., 1997, with a formula of 1.5 x (hub height+ rotor diameter). In a recent Board of 

Adjustment hearing in Deuel County, for these same Applicants, a Dr. Chris Ollson (not 

a medical doctor, but a person who often testifies on behalf of ''wind farm" interests, 

including these Applicants) is believed to have testified the safety exclusion zone for GE 
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turbines of this same size is 1,250 feet. Applying this published formula to this case, a 

stated hub height of 295 feet, plus rotor diameter of 380 feet equals 675 feet, times 1.5, 

yields 1,012.5 feet. That said, the Zoning Ordinance specifies a setback distance of 

merely 500 feet (from centerline of the road), or 110% of the height of the turbine ( 485 

times 1.1 equals 533.5 feet). To the extent any wind turbine in this CUP Application is 

proposed to be set between 533.5 feet from "centerline" of the road, to upwards of 

1,012.5 feet, however, General Electric's own published document suggests the turbine is 

capable of shedding or throwing ice onto either fixed or passing objects within that field 

or range. A cursory review of the Project Area Maps, being Appendix F to the CUP 

Application, suggests that many, perhaps most, of the turbine sites referenced are, in fact, 

between 533.5 and 1,012.5 feet of the centerline of a public road. Other evidentiary 

sources available to Petitioners will suggest the propensity or ability to shed and throw 

ice from comparable turbines in the vicinity of Grant County is significantly greater than 

1,012.5 feet. Whether General Electric has actually published a "keep-out zone" in the 

case of a run-away generator-rotor (no brakes, unable to stop the rotation, so - time to 

clear out!), similar to what other manufacturers have done (such as Vestas and Nordex), 

is unknown to Petitioners. It appears that turbine manufacturers are extremely reluctant 

to widely publicize any such directives, as this fact runs counter to the claim that wind

turbines are completely safe to human life and normal work activities. Published 

information suggests the Vestas and Nordex danger or "keep-out zone" is somewhat 

larger - by a factor of some 25%, and in the range of 1,600 feet - than General Electric's 

"ice throw" risk zone referenced above (whether 1,012.5 feet or some other number, 

while musing that perhaps the 1,250 feet referenced by Dr. Ollson in other testimony, as 

noted above, represents GE's "keep-out zone"). If so, this renders the proposed 
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placement of turbines at 600 or 800 feet from roadways, for example, or other property 

lines, or the placement of turbines in proximity to human life and activities, as presently 

permitted by the Grant County Zoning Ordinance - even more foolhardy. Petitioners 

believe that Applicants breathed not one public word about any "keep-out zone" even as 

the Respondent Board of Adjustment made no apparent inquiry about such matters. 1 

(d) Noise Levels and Standards. Tue sound standards established in the Zoning 

Ordinance are inadequate from public safety and health standpoints. Cun-ently, Grant 

County's Zoning Ordinance, in line with the South Dakota Model that clearly influenced 

it (as written by Big Wind, applied thereafter to measure Big Wind's plans in laying out 

as many "wind farms" as feasible upon the surface of South Dakota), provides: 

"Noise level shall not exceed 50 dBA, including constructive interference 
effects and the perimeter of the principal and accessory structures of 
existing off-she residences, businesses, and buildings owned and/or 
maintained by a governmental entity property line of existing off-site 
residences, businesses, and public buildings . [Ord. 2004-1, Rev. 2004-
10]" 

What ts allowed by this Zoning Ordinance is not a safe level for human health, as an 

emerging and growing number of health studies now show. Noise emitted by a GE 

2.3MW turbine is understood to be approximately 107 dB(A) at the source - the hub and 

rotor assembly. The only cure for this level of noise - particularly when emitted at this 

altitude ( as opposed to ground level, where trees, other landscape materials and structures 

may deflect or reduce noise as received by human ears beyond) - is adequate separation 

distance. 111e Zoning Ordinance, by failing to impose setbacks measured to (or from) the 

Non-Participating Owner's property line, and then also imposing setback distances that 

are inadequate to begin with (as in Trespass Zoning), fails to deal with noise levels in a 

' GE's "confidential" safety manual was located January 17, 2019 - no specific distance seems recommended; in case of fire, wind turbine is lo be "stopped and a large area ... cordoned off." 
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suitable manner. The additional noise added to this rural landscape by 32 wind turbines 

will be an added burden upon each of the Petitioners and their respective rights and 

interests in use and enjoyment of their respective lands (part of the bundle of sticks of a 

fee owner, so often referenced by Professor Laymon). 

(e) Infrasound Further, and quite importantly, Grant County's Zoning Ordinance 

also fails to deal with Infrasound - not surprisingly, because both the Model and South 

Dakota Model likewise failed to do so. Infrasound is that range of sound that is 

inaudible, but yet can be felt by humans and animals alike. "Wind farm" components 

(there will be 32 of them, standing very high in the sky, and in all directions) emit 

infrasound (below 20 Hz), from rotating turbine blades, including "blade-pass 

harmonics," and resulting "structure-borne sounds." (Infrasound makes your own home 

or other strncture vibrate or pulsate, somewhat akin to living inside a kettle drum - except 

you can only feel it, not hear it.) Years after allowing the wind farm to be built and 

operated close to human populations, researchers in Gennany now work to confirm the 

health risks and ill effects of Infrasound emitted by industrial wind turbines, as reflected 

in the recent documentary film of ZDF television - Infrasound caused by Industrial 

Wind Turbines, https://www.youtube.com/watch?v=ywWNx30Jyuo&feature=youtu.be. 

Petitioners, either not asked by Applicants to sign a lease or wind easement, or if asked, 

having refused those offers, additionally refuse to unwittingly serve as subjects in some 

medical experiment, even if Respondent, charged with protecting the public interest, is 

fully prepared to allow these Applicants to engage in a sprawling, multiple-site (as in 

many), noisy and risky industrial activity (largely conducted, and rather conspicuously, at 

a very high altitude) within Grant County's "A" zoning district. 
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(f) Shadow Flicker. While the current Zoning Ordinance does not even purport to 

establish "standards" for the display or fall of Shadow Flicker upon nearby or adjoining 

properties, or on public roads, the fact of the matter is this: operations under the CUP 

Application at hand will involve the disposal or dumping of Big Wind's Shadow Flicker 

upon the lands of one or more of the Petitioners, and also upon the roads and highways 

that they travel in and through these three townships. Shadow Flicker produces a 

pulsating effect, shadows rapidly moving along the ground and perceived differently by 

individuals. Shadow Flicker is also believed capable of triggering epileptic episodes or 

seizures in some persons, while even those not suffering from that disorder, can also be 

surprised and react to (as an avoidance measure) the quickly moving shadows, presenting 

opportunities for accidents. Petitioners thus maintain the casting of light and shadows 

upon their lands is in the nature of a forced easement or servitude (in the guise of 

exercising the Zoning Power), while casting Shadow Flicker upon the roadways near the 

"wind farm" is a broader public safety risk. Petitioners' claimed "bundle of sticks" is 

fmther sawn asunder by Big Wind's Shadow Flicker. 

(g) Market Value Loss. While Petitioners do not have any immediate wish to sell 

their properties or to move away from Grant County, the presence of the WES Projects 

proposed by Applicants - together with the nearby Cattle Ridge Wind Farm ("CRWF") 

project of what is now an affiliate of Applicants - will significantly harm the market 

value of Petitioners' homes and properties. Much of this hatm arises from proximity to 

these gigantic structures comprising the wind turbines ( and with moving parts), as 

referenced in several of the preceding subparagrnphs. The integrity of Petitioners' 

bundles - in tenns of market place value - will be shattered in this process. 
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71. Even as the Applicants advance their CUP Application for separately identified 

WES Projects, the GRANT COUNTY PLANNING COMMISSION has conducted hearings on 

proposed and recommended amendments to Section 1211 of the Zoning Ordinance. These 

amendments - if or when adopted by the County Board - would slightly modify certain of the 

setback features, permitted sound levels, and would also purport to "permit" the infliction of 

Shadow Flicker on a neighboring Nonparticipating Owner's residence, not to exceed 30 hours 

per year. The Planning Commission's final hearing on proposed Zoning Ordinance amendments 

was conducted December 17, 2018 (perhaps a coincidence), with a recommendation to the 

County Board. At hearing on December 28, 2018, the County Board then adopted the proposed 

amendments. (Petitioners do not believe the CUP Application(s) in question were proposed by 

Applicants, nor intended by the Board of Adjustment, to be measured or construed by anything 

other than the 2004 version of Section 1211; but see, the effect and outcome of a motion, 

adopted by the Board of Adjustment, with two altemate members then serving, on December 17, 

2018, delaying further action on the CUP Applications until the County Board had adopted the 

new, proposed amendments to Section 1211, as further outlined in paragraph 90, following.) 

E. The Board o(Ad(ustment 's Decision: 

72. In terms of the power and jurisdiction to consider and determine entitlement to a 

"Conditional Use Permit" (sometimes, "CUP" or "CUP Application"), Section 504 of the Zoning 

Ordinance delegates these functions over to the Board of Adjustment. 

73. The Board of Adjustment, as described in Section 501, describes that body as 

comprised of the "Grant County Planning Commission and four ( 4) alternates," as appointed by 

the County Board of Commissioners. This is one of just four occasions where the Planning 

Commission is even briefly mentioned in the Zoning Ordinance (Sections 902, 903 and 905 

being the others), but it appears the size of the body established as the Planning Commission is 
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not otherwise addressed in the Zoning Ordinance, even as the Comp Plan gives no guidance for 

this issue. 

74. The powers exercised by the Board of Adjustment as to a CUP Application are 

quasi-judicial in nature; in detetmining whether a Conditional Use described in the Zoning 

Ordinance is to be approved, the decisional power is hedged only by a required finding that 

"granting of the conditional use will not adversely affect the public interest" (Section 504, subd. 

4) along with a variety of other petfunctory findings entirely suitable if the issue were merely one 

of "should a Pizza Hut be permitted in the A District on Highway 20 outside of Stockholm." 

Rather, the issue here is whether the specific location of 32 gigantic, noisy wind turbines, to be 

scattered throughout Stockholm, Troy and Mazeppa Townships, as proposed by Applicants, 

should be approved, despite the fact these devices are much taller and larger, and will occupy the 

visual field of all local residents, including Petitioners, than anything else now existing here 

(other than a single broadcast tower of unknown height in Section 30 of Mazeppa Township). 

75. As a review of history will show, and as is also evidenced by the past practice of 

the Board of Adjustment's rendering entirely favorable actions upon WES Projects, whenever a 

"wind fatm" developer meets the objective requirements of the Zoning Ordinance, then it must 

be said that the opinions of the local residents count for nothing-the State's Attorney was heard 

to so advise the Board of Adjustment on December 17, 2018. Furthermore, as Petitioners 

understand the event, the Grant County State's Attorney (Mark Reedstrom), on December 17, 

2018, advised the Board of Adjustment that if the Application meets the specific details and 

requirements of Zoning Ordinance (such as they are, having been fashioned from Big Wind's 

early influence), there is no choice but to grant the CUP. 
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76. The actual Findings of Fact comprising the Decision of the Board of Adjustment, 

made December 17, 2018, and filed December 28, 2018 (signed by Nancy Johnson, 

Chairperson), have been previously referenced as being attached hereto, marked Exhibit P-1. 

77. It is further recognized that once the Board of Adjustment has made a decision as 

to the merits of a CUP, then, by virtue of the Legislature's further amendatory delegations and 

refinements to the zoning power, the prospects of success for those in the position of these 

Petitioners are fairly slim under the statutory provisions in SDCL § 11-2-61 and the decisions of 

the Supreme Court. 

78. Petitioners, nevertheless, assert to this Court the Decision as made by the Board 

of Adjustment on December 17, 2018, and entered December 28, 2018, on the CUP Application 

presented by these Applicants is illegal and now further state the grounds of such illegality, in 

those paragraphs within Sections F and G, following. 

F. The Burdens ,md Duties of Contractual P rtvitp with Applicants: 

79. To the best information and knowledge of Petitioners, there is not presently a 

single wind turbine - or WES - existing in Grant County. All of that is about to change, and 

soon, as these Applicants endeavor to thickly populate the landscape of the County's western 

townships with wind turbines, following the earlier lead of Cattle Ridge Wind (now an affiliate 

of Applicants, as referenced in paragraph 7) with a CUP (for dozens of WES installations) 

approved by this Board of Adjustment in March 2017. 

80. There are other applications for WES construction in Grant County moving 

forward at this time, including the Dakota Range series, but these actions are not of immediate 

concern to Petitioners. 

81. Applicants, Petitioners further allege, have adhered to the recommendations of a 

certain siting guide for WES Projects, as published by the American Wind Energy Association (a 
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trade group m which NextEra Energy, the indirect, controlling member of Applicants, 

participates). This guide is thick with suggestions on how to win the support of both landowners 

(leases and other contractual arrangements, which entails the making of monetary commitments) 

and local governmental officials (necessary for local zoning and related approvals, as is the case 

in Grant County). Petitioners are reminded of the adage "killing two birds with one stone" when 

the local governmental officials, whose support is crucial, are also landowners, or closely related 

to persons who are landowners willing to allow subjugation of their lands for wind turbines over 

a period of many decades. 

82. Local elected officials in Grant County control the land use approval process and 

appointment of the members of the Board of Adjustment (Respondent). An advocate for Big 

Wind, PAUL DUMMANN, served as a member of the County Board for many terms, until 

losing his bid for re-election in November 2018. (One of Mr. Dummann's last official acts in 

office - on December 28, 2018, while a blizzard was raging in Milbank and all of Grant County 

- was to vote with the majority, approving an updated version of Big Wind's idea of a proper 

Zoning Ordinance.) Board member Dummann is believed to have signed a wind development 

lease with another "wind farm" developer (Apex Clean Energy), cu1rently enmeshed in several 

WES Projects in the northwestern part of Grant County. Whether Mr. Dummann's lease with 

Apex requires the specific sort of "cooperation" concerning local permits that other wind leases 

require (e.g., see paragraph 85, following) is not yet directly known by Petitioners. 

83. The leases, wind easements and so-called "good neighbor agreements" used by 

wind developers are closely guarded secrets - although many landowners in Grant County have 

executed such documents, Petitioners have not had the opportunity to review the lease and other 

fotms deployed by these Applicants (apa1i from the KEVIN KRAKOW power line easement, 

referenced in paragraph 25, above). If the forms or instruments are of record with the Zoning 
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Administrator, or the Board of Adjustment, or even the Grant County Register of Deeds, 

Petitioners are not aware of that fact. 

84. Recalling that the WES Project (proposed by Cattle Ridge Wind Farm, LLC 

(CRWF, now an affiliate of these Applicants) immediately to the no11h of Crowned Ridge Wind 

I and II was initially rolled out by Geronimo Energy, LLC, it should be noted the blank lease 

form (entitled "Land Lease and Wind Easement," some 23 pages in length) used by that entity 

was disclosed to Grant County officials prior to the hearing in March 2017. 

85. In executing the lease, the owner - as lessor - is also expected to make certain 

"Lessor's Covenants," as outlined in At1icle V of that instrument. Section 5.4 of the Cattle 

Ridge lease form, in pertinent part, provides: 

Lessor shall also cooperate with Lessee to obtain and maintain any permits 
needed for the Wind Facilities. In connection with the issuance of such pennits, 
and to the extent allowed by (and subject to) applicable law, Lessor hereby waives 
any and all setback requirements, including any setback requirements described 
in the zoning ordinance of the county in which the Premises are located or in any 
governmental entitlement or permit hereafter issued to Lessee, with respect to the 
locations of any Wind Facilities to be installed or constructed on the Premises or 
on adjacent properties that are a part of the Project. Lessor shall also provide 
Lessee with such further assurances and shall execute any estoppel certificates, 
consents to assignments, non-disturbance agreements or additional documents 
that may be reasonably necessary for recording purposes or requested by Lessee 
or any of its lenders. Lessee shall reimburse Lessor for its reasonable and actual 
out-of-pocket expenses directly incurred in connection with such cooperation. 
(Emphasis supplied.) 

Once the lease has been signed (the "Effective Date"), Lessor is thereafter required to "maintain 

in strictest confidence, for the benefit of Lessee" (namely, Geronimo or its assigns, in this 

example) all infonnation pertaining to financial tenns or payments. 

86. At the present time (December 2018), NANCY JOHNSON and RICHARD 

HANSEN are serving members of the Board of Adjustment, and were likewise serving thereon 

at the time of the March 2017 presentation for the WES Project of CRWF (now, as noted earlier, 
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an affiliate of these Applicants). Both identified members recused themselves on November 13, 

2018 (the date of the Board of Adjustment "evidentiary" hearing, as further referenced in 

paragraph 90.A, following), and also at the time of the Board's Decision of December 17, 2018 

(although NANCY JOHNSON would nevertheless sign, as Chairperson, the Findings of Fact for 

these Applicants on December 28, 2018). 

87. While those recusals concerning the exercise of quasi-judicial powers seem 

entirely apt and required by law (it being understood that both NANCY JOHNSON and 

RICHARD HANSEN are also patties to lease or other agreements with these Applicants), it is 

noteworthy the same individuals have continued to sit as members of the GRANT COUNTY 

PLANNING COMMISSION (on December 17, 2018, immediately following their recusals as 

members of the Board of Adjustment) in the recent preparation and making of recommendations 

to the County Board of Commissioners regarding the proposed text of proposed amendments to 

Section 1211 of the Zoning Ordinance (namely, that section, as originally adopted in 2004, 

outlining special requirements for WES Projects). Petitioners are also reminded of the possible 

contractual duty of Lessors to always facilitate the business interests of these Applicants. While 

Petitioners are not currently privy to the specific text of the leases between these two members of 

the Board of Adjustment and these two Applicants, the Court's permission is sought to engage in 

discovery as to these concerns. 

88. During the March 2017 presentation by CRWF as to its own WES Project, 

RICHARD HANSEN also recused himself, as he "is a patty to the project" (according to the 

minutes of the Board of Adjustment meeting held March 13, 2017). Again, Member Hansen's 

recusal, at that time and in that proceeding, seems entirely apt and required by law, since it is 

believed RICHARD HANSEN would have entered into a lease with the "duty" language quoted 

in paragraph 69, above. 
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89. Petitioners believe also the matter of conflicts of interest within the membership 

of those serving on the Board of Adjustment is somewhat more complicated than the described, 

straight-forward recusals of NANCY JOHNSON and RICHARD HANSEN (in their role as 

members of the Board of Adjustment, even as they continued to remain in their respective chairs 

as members of the GRANT COUNTY PLANNING COMMISSION, recommending text for 

amending the WES provisions of the Zoning Ordinance) may otherwise reflect. These concerns 

will be fmther outlined, following. 

G. The Decision o(December 17. 201 8 (entered December 28, 201 8) is Illegal: 

90. The Decision made December 17, 2018, and entered December 28, 2018 

(annexed as Exhibit P-1), is infom and illegal based on each of ( or the cumulative effect arising 

from) the following asse1tions, now made by Petitioners upon information, knowledge and 

belief: 

A. The CUP Applications of these Applicants came before the Board of Adjustment on 

November 13, 2018, then consisting of seven members (Adler, Pillatzki, Johnson, Spartz, 

Leddy, Hansen and Mach). Because Johnson and Hansen have interests in the 

Applicants' WES Projects, they declared themselves recused and left the building. 

Although the minutes do not clearly say so, it appears alternates Jeff McCulloch and Don 

Weber assumed these vacancies. The Staff Report was considered, with certain 

conditions being prescribed. Upon motion of Pillatzki, seconded by Spartz, approval of 

the CUP Applications was further conditioned on meeting a ¾ mile setback from non

participating residences - this motion, which was approved on a vote of 4 (members 

McCulloch, Weber, Sprutz and Pillatzki voting yes) to 3 (members Leddy, Adler and 

Mach, no), was akin to rolling a live hand grenade into the midst of the meeting/ 111is 

approved action was immediately followed by a motion of Weber to postpone all further 
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action on the CUP Applications until the County Board had conducted a second reading 

of the proposed changes to Section 1211 (as previously referenced in paragraph 56, 

above). Weber's motion was seconded and adopted, with Leddy, Adler, Mach and 

Weber voting yes, and Spartz, Pillatzki and McCulloch voting no. At the making of this 

motion, the County Board's second reading of Zoning Ordinance amendments was not 

yet scheduled. 

B. A further unsigned legal notice was published in Grant County's legal newspaper on 

December 5, 2018, advising of "Notice of Intent to Reconsider a Motion to Postpone by 

the Board of Adjustment on a Proposed Conditional Use Permit." The Notice asserted 

that MARK LEDDY, a member of the Board of Adjustment, had "filed an intent to 

reconsider the above motion to postpone," and if reconsideration is approved on 

December 17, 2018, the Board of Adjustment may further consider the proposed 

Conditional Use Pennit (the notice identified both Applicants). Petitioners wish to learn 

what further communications transpired between Applicants, First District and Member 

Leddy as to why Applicants were unwilling to await further changes to the Zoning 

Ordinance, thus prompting publication of this Notice. In any event, the ¾ mile setback 

"hand grenade" of the same meeting, November 13, 2018, was somehow defused, never 

to be proposed again, and on December 17, 2018, the Board of Adjustment, by a vote of 

6-1 ( as is also referenced in paragraph 1, above), approved the CUP Applications of both 

Applicants. As futther identified in subparagraph F(i), following, the member moving 

for reconsideration, MARK LEDDY, may have been motivated by the interests of close 

family members and his personal business interests, sufficient to comprise a disqualifying 

conflict of interest, a matter for which Petitioners intend to conduct discovery, if 

permitted by the Court. 
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C. Immediately prior to the vote on December 17, 2018, Petitioners believe the State's 

Attorney in and for Grant County advised or admonished the Board of Adjustment that if 

the CUP Applicants meet the standards outlined in Section 1211 of the Zoning 

Ordinance, the Board of Adjustment had no choice but to enter an approval. (With one 

dissent, at least one member of the Board did not heed the State's Attorney.) Petitioners 

maintain that merely meeting the objective requirements of Section 1211 of the Zoning 

Ordinance does not compel 1he conclusion a proposal is fully consistent with the Comp 

Plan or that every CUP Applicant for more WES Projects, ipso facto, deserves approval 

over the objections of those who own property, and must both live and work in the rural 

townships in and among these WES Projects. 

D. Petitioners further believe the Staff Report (authored by officials of First District) was 

adopted and became part of the resolution of approval. As such, that pru1 of the Staff 

Report providing "[t]he Conditional Use Pe1mit is transferable" is objected to as being 

neither authorized nor provided for by the Zoning Ordinance of Grant County, or 

otherwise required by governing law. 

E. The Staff Report also purports to approve the disposal of "Shadow Flicker" by the WES 

proposed by these Applicants. To the extent the WES will display any Shadow Flicker 

on the residences or real properties of Petitioners, such purported approval by the Board 

of Adjustment is objected to, as it is tantamount to the assertion of an easement or the 

creation of a servitude upon such prope11ies, contrary to the rights, privileges and 

entitlements of Petitioners as fee owners. 

F. While two members of the Board of Adjustment (Johnson and Hansen) would deem 

themselves disqualified, the further inquiry as to whether other conflict<; of interest 

existed went unanswered. Petitioners state that the Board of Adjustment then continued 
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to hear and determine these matters, with the exercise of quasi-judicial powers, 

notwithstanding the evident and disqualifying self-interest of at least two other members, 

as outlined following: 

i). Member MARK LEDDY is a leading, outspoken advocate for further wind energy 

development in Grant County, having built a new hotel business in Milbank in 

expectation of an influx of business from WES construction crews and assorted 

hosts of managers pursuing the favor of both landowners and local governmental 

officials, Petitioners believe. Further, Leddy's father and a brother are both 

Participating Owners for the site leases in nearby Cattle Ridge Wind Project (each 

having presumably signed a lease with the same text quoted in paragraph 85, 

above). While Petitioners agree that Leddy was not serving as a member of the 

Board of Adjustment at that specific time, he is serving now - and this is the time 

1hat Cattle Ridge's affiliates, these Applicants, are seeking a CUP from the Board of 

Adjustment. Leddy is the Board of Adjustment member whose participation in the 

motion to postpone was then reconsidered, as referenced in Subparagraphs A and B, 

above. Petitioners wish to undertake discovery of all these matters accordingly. 

ii). Member MIKE MACH has served as a County Board Member, Planning 

Commissioner, and Member of the Board of Adjustment for a number of years, 

having been the chair of the County Board during 2017 ( at the time of the Cattle 

Ridge Wind project being approved). Mach is a leader in the Grant County 

community, but he is also employed by Otter Tail Power Company, an entity 

heavily invested in developing and managing power transmission lines that will 

take the energy feeds from these Applicants (while recognizing that Mach is not 

employed by Otter Tail in the transmission side of the business). Mach often 
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appears at official meetings with the "Otter Tail" logo prominently appearing on his 

shirt. Mach's employer has a vested (and large) financial interest in the outcome of 

these proceedings, and thus, Mach's participation in the approval of the CUP 

Applications of these Applicants constitutes a conflict of interest. 

G. The delegation of the zoning power to Grant County is subject to both constitutional and 

statutory restraints. In particular, the Comp Plan, as developed, is to be a guiding 

document for operation of the Zoning Ordinance. Nothing in the Comp Plan gives any 

signal that Grant County's rural residents, including these Petitioners, would be under the 

type or depth of "wind farm development assault" as is represented by the CUP 

Applications of these Applicants. Further, contrary to the assertion in Section 11 of 

Decision, the proposed use of these Applicants does not meet the intent, purpose and 

regulations of the County's Comprehensive Land Use Plan. 

H. The type of development being proposed by Applicants, and as approved by the Board of 

Adjustment, represents "Trespass Zoning," a concept that implies a forfeiture of some 

part of the rights held by Petitioners, collectively and respectively, for the lawful 

development, use, occupation and enjoyment of their own lands in a manner consistent 

with the Grant County Zoning Ordinance. A diagram illustrating the concept of "Trespass 

Zoning," not specifically keyed to current or proposed setbacks of the Grant County 

Zoning Ordinance, is attached to this Petition as Exhibit P-2, and incorporated by this 

reference. The fact that Petitioners, if the Applicants now prevail, will be relegated to 

living and working in the immediate vicinity of a WES Project, including the further 

construction to be expected by Cattle Ridge Wind Farm (as an affiliate and now also part 

of Applicants' euphemistic "footprint" upon the surface of Grant County) will inhibit, 

preclude, damage, or destroy the respective abilities of these Petitioners to further 
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develop, use, occupy and enjoy their lands in accordance with the regulations for the "A" 

District of Grant County. For example, Petitioners each make their living in the care, 

feeding and growing of cattle on grass, and it is customary for each Petitioner to make 

some use of aerial spray plane services during the growing season for the control of 

noxious weeds, including thistles and leafy spurge. Each of the Petitioners - based on the 

representations of these applicator services - is fearful of losing those services due to the 

sheer size, number and proximity of the proposed turbines as mapped by Applicants. 

Even if such spray services remain available, Petitioners have been warned to expect a 

substantial increase in cost, as many pilots are unwilling to take the risk of collision. 

I. The location or siting of a WES Project is an inherently complex issue. While it is true 

the Zoning Ordinance makes some provision for WES as a Conditional Use in the "A" 

district, it does not follow that the Board of Adjustment has no discretion in the exercise 

of quasi-judicial powers, or is required by law or the Zoning Ordinance to approve such a 

conditional use if the CUP Application otherwise meets the requirements of Section 

1211. If this result is exactly what the law requires, as the State's Attorney was heard to 

suggest to the Board of Adjustment, then by te1ms of the Zoning Ordinance, has not 

Grant County effectively delegated the decision-making power over a WES Project 

(including the number of turbine locations) and the public interest to the Applicants 

themselves? If a CUP Applicant has applied, and the minimal requirements of Section 

1211 are met, then the Board of Adjustment must approve it? Rather than assess the 

concerns of Petitioners with the assistance of an unbiased expert in "wind farm" 

developments (the combined concerns of shadow flicker, noise and related safety 

concerns, in addition to the anticipated market value loss of property, since few if any 

willing, sober buyers would choose to live in or near a WES Project and, after paying 
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good money for the privilege, be forever subject to shadow flicker, noise and related 

safety concerns), the Board of Adjustment (with one dissent) accepts the averments of 

Applicant's practiced witnesses, and, after the State's Attorney advises these concerns 

make no difference; such has cleared the way for Respondent Board of Adjustment to 

dismiss the stated concerns of Petitioners, as to their property interests and also their 

health and safety concerns, with a wave of the hand. 

J. It is standard practice in Grant County to approve the CUP Applications for additional 

WES Projects, without any changes or meaningful restrictions being imposed by the 

Board of Adjustment. Is this because Petitioners' expressed concerns have no merit 

whatsoever, or because some element or faction of the Board of Adjustment is 

contractually obliged, or by other concerns (such as employment or close family ties), to 

ensure these Applicants (as representatives of Big Wind) must duly and promptly receive 

what they have asked for? Why not a¾ mile setback from residences, unless it just isn't 

enough of "Trespass Zoning" to suit Applicants or other voices of Big Wind? This 

appears to be so. During the Grant County Board of Commissioners meeting held 

December 28, 2018, Commissioner Mach (who serves also on the Respondent Board of 

Adjustment, his patiicipation in the merits of the Applicants' CUP being of concern to 

Petitioners, as outlined in subparagraph F.ii, above, at p. 37), revealingly declared (per 

the County Auditor's minutes of that date), just prior Mach's voting for approval of the 

new Zoning Ordinance amendments previously referenced in this Petition: 

He works for a coal fired power plant. He is an employee not an owner. 

Stated he is pro wind or anything that brings progress to the community. 

He talked about a township in Brookings County that had very little tax 

revenue for roads and now has $168,000 in the bank. He wants to see the 

county progress. The wind energy companies are not interested in 

setbacks in building projects if there is a ¾ mile or more setback. What 

other industry can we bring in? Expressed appreciation for Economic 
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Development and their support. The money generated by the wind farms 
will be good for the taxing authorities. Thanked Chairman Johnson for 
her work at the meetings. In favor of the amendments as presented. 

As a participant in the exercise of quasi-judicial powers, this member of Respondent 

Board, clearly, is focused on the limits for setbacks that Big Wind claims to have, not 

what might actually suffice to protect the interests of Non-Participating Owners. In 

regularly attending to his day job, Petitioners suspect, Commissioner Mach must look at a 

495 foot smokestack at Big Stone, and concluded, somehow, that tolerating thirty-two 

(32) of them - each with a 380-foot moving and humming rotor - along with all the rest 

of it - isn't so out of step with that rural landscape Petitioners now call home. Even the 

avid desire of Grant County for more tax revenue all around, however, does not tnunp the 

interests that Petitioners now seek to protect, all as further described and referenced in 

this Petition and as to which, Petitioners claim to be the sole and exclusive owners. 

H Prayer for Relief: 

Wherefore, Petitioners pray for relief as follows: 

91. That pursuant to SDCL § 21-31-3 and § 11-2-62, upon such further notice as the 

Couit deems appropriate, the Cou1t issue a Writ of Certiorari to the Respondent, Grant Cowity 

Planning Commission, sitting as the Board of Adjustment. 

92. That pursuant to SDCL § 21-31-5 and § 11-2-62, the Court further issue within 

the Writ a restraining order, preventing the Respondent, or any other board, agency or official of 

Grant County, from taking any further action with respect to any Conditional Use Permit, 

building permit or other land use rights, concerning the sites as contemplated by the Applicants. 

93. That the Court, upon such further proceedings as deemed appropriate, including 

the taking of evidence by referee or otherwise, reverse the Decision or other determination of the 

Respondent Board of Adjustment, in the form of the motion adopted December 17, 2018, and 
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stated within the Findings of Fact, filed December 28, 2018, or any subsequent detennination, if 

any, concerning the specific WES Projects and sites for location thereof within Grant County, as 

proposed by Applicants, on one or more of the grounds as heretofore alleged in this Petition. 

94. That during discovery and the taking of evidence, as may be authorized by the 

Court under the form of Writ to be proposed, Petitioners, inter alia, intend to inquire of the 

individual members of the Grant County Board of Commissioners, Grant County Planning 

Commission, and Grant County Board of Adjustment, and the alternates having been seated for 

one or more sessions relevant to these Applicants, as to which of them, if any, or their family 

members, have engaged in discussions of the facts and circumstances leading to this Conditional 

Use Permit, with persons representing or acting on behalf of Applicant, or being in privity of 

contracts (including discussions or negotiations related to any contract intended but not yet 

executed) with Applicants for the siting of wind turbines. 

95. That the Court detem1ine, in due course, the Conditional Use Pem1it approved is 

not the type or kind of relief or remedy that may be lawfully awarded within the context of the 

Zoning Ordinance, considering that, under the facts and circumstances presented here, and being 

an exercise of a purported delegated power, is more akin to a ''taking" (eminent domain power). 

As such, under the facts presented, the Decision is in excess of any lawful delegation of the 

Zoning Power by the Legislature. As to these Petitioners, the Conditional Use Permit is a fonn 

of "Trespass Zoning," an adverse taking of their own collective, inchoate rights to use, enjoy, 

develop and hold their respective lands, consistent with a full and complete "bundle of sticks," as 

fee owners. Respondent Board of Adjustment would allow these Applicants to "take" from 

Petitioners, without compensation, because, as Board Member Mach would so candidly state 

while wearing his County Board member hat, these "wind farms" will result in tax revenue, this 

outcome is progress for Grant County. What this actually is - given Zoning Ordinance's 
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proclivity for measuring setbacks (to the extent such now exist, albeit inadequate in full measure) 

to dwellings or buildings rather than property lines - is a vivid display of "Trespass Zoning" 

(with credit to Kevon Martis for title and description of the concept) hard at work in Grant 

County. Outcomes under the Zoning Ordinance, via approval actions of the Board of 

Adjustment, are favorable to Big Wind, because the proposed "wind farms" are thought to meet 

also the specifications of the Zoning Ordinance. And, of course, Big Wind was the moving force 

behind the design and text of the Zoning Ordinance in the first place! (A new Zoning Ordinance 

is coming forth, but it, too, meets the approval of Big Wind!) A full circle, indeed. 

96. That the Court also dete1mine as follows: Grant County's exercise of Zoning 

Power is inherently defective, illegal, inconsistent with the Comp Plan, constituting a taking of 

rights and privileges (to be confe1Ted on Applicants and Participating Owners), and comprising 

also an abuse of its own citizens, in that the County has taken up the delegation of such power, 

using the Model, or the South Dakota Model (as referenced in this Petition), serving as a mold or 

guide for fostering WES Project developments. Officers and agents of Grant County have paid 

close attention to whatever level of interference Big Wind claims willing to tolerate. (When 

Commissioner Mach declares that Big Wind will not proceed with projects if a required ¾ mile 

setbacks to residences is adopted, much more than that is being said; without Trespass Zoning 

being available, an implicit part of the Zoning Ordinance, Big Wind's "footprint" here would not 

be nearly so large - and perhaps it would not be visible at all.) Petitioners hope to learn just 

when this was said by Big Wind, the venue and identity of all pa1ticipants in that conversation, 

and what else, if anything, may have hen said on that occasion. Now that Grant County's 

morning has dawned (with Big Wind standing along side), the County's decision makers seem 

open to as many large-sized, industrial-scale activities as might be shoehorned into the 

landscape. That this is excellent for tax revenue is the claim of those like Commissioner Mach. 
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That it is a bad outcome for Non-Participating Owners was not once seriously entertained by the 

Board of Adjustment. 

97. That the Court determine: the County has no power, in the guise of the Zoning 

Power, to grant what effectively amounts to an easement or servitude upon, through or across the 

"bundles of sticks" held by Petitioners, nor, under the pretense of the Zoning Power, is there 

actual lawful power to foster a land use that endangers the public in their travels upon the roads 

and statutory highways, while rendering the Petitioners infirm and insecure in their respective 

premises; further, the exercise of this purported Zoning Power, in this manner, via a Board of 

Adjustment that, Petitioners have herein asserted, remains infected by undeclared conflicts of 

interest and evident bias, only makes this result that much more shameful, and illegal. 

98. That the Court detem1ine also: the Zoning Ordinance does not actually and fully 

provide for the safety of the citizens (what should be the professed, paramount consideration of 

any Zoning Power scheme), including these Petitioners, who, as Non~Participating Owners, are 

now being called upon to live within or near a future "wind farm" (perhaps several of them). 

This Zoning Ordinance, in the hands of the Board of Adjustment, likewise fails to provide for the 

safety of Pa1iicipating Owners, recognizing, perhaps, that health and the ability to sleep without 

disturbance is of little consequence to those in privity with these Applicants, as they eagerly 

await future rents and incomes. Petitioners, on the other hand, are unwilling to suffer this 

invasion of a use that is not compatible with cun-ent district uses, one that represents not only 

infringement of property rights - a stealing of stick-.; from the bundle of each Petitioner, as it 

were, while also posing health risks to Petitioners, who live and work on their respective lands. 

99. That the Court award costs to Petitioners and against Respondent Board of 

Adjustment, for having acted in an absence or in excess of proper jurisdiction under the Zoning 

Power, in the manner as stated and alleged hereinabove, or that as the decision of Respondent, 
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sitting as the Board of Adjustment, is not in conformity with the requirements of the Zoning 

Ordinance, the Comp Plan (the proposed use, on this scale, of this density, and consequential 

impact upon both adjoining properties and the respective inhabitants thereof, is simply not 

compatible with others, as required), and other governing law and, therefore, is illegal. 

100. That the Decision of the Respondent Board of Adjustment, made December 17, 

2018, and entered in the form of Findings of Fact, on December 28, 2018, be reversed, and that 

the Court enter an award, in favor of Petitioners, of all other relief allowed by law in these 

circumstances. 

Dated at Canton, South Dakota, this 17th day of January, 2019. 

ARVID J. SWANSON, P.C. 
27452 482nd Ave. 
Canton, SD 57013 
605-743-2070 

Respectfully submitted, 

Isl A.J. Swanson 
A.J. Swanson 

E-mail: aj@ajswanson.com 

Separate Notice of Appearance to Follow for: 
Jared I. Gass 
GASS LAW, P.C. 
212 5th Ave. 
Brookings, SD 57006 
605-692-4277 
E-mail: jared@gasslawoffice.com 

Attorneys for Petitioners, 
JARED KRAKOW, MEGAN KRAKOW, KEVIN KRAKOW, 
CINDY KRAKOW, KELLY OWEN and KEVIN OWEN 

(Verification of Petitioners follow on separate pages) 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC & 
Crowned Ridge Wind II, LLC. 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADnJSTMENT, 

Respondent 

IN CIRCUIT COURT 

TIDRD JUDICIAL CIRCUIT 

25CIV19-__ _ 

PETITION FOR WRIT 
OF CERTIORARI 
(SDCL § 11-2-61) 

VERIFICATION OF 
PETITIONERS JARED 
KRAKOW & MEGAN KRAKOW 

JARED KRAKOW and MEGAN KRAKOW, each being a petitioner in the above

referenced matter, being first duly sworn, state that he or she is familiar with the petition for writ, 
and the facts stated therein regarding himself or herself, ·as petitioner and his or her respective 
interests therein, and now, he or she does hereby verify the factual allegations are true and 

correct to the best of his or her infonnation, lmowledge and beHef. 

Date: 
I/IS/!~ 

JARED KRAKOW 

~~~ KRAKOW 
Date: 

Subscribed and sworn to before me, a Notary Public, y JARED KRAKOW and MEGAN 
KRAKOW, each personally known to me, this date: ' \ b I , . 

My Commission Expires: 

_j \\p_ \~0>2D ____ __ _ 

(SEAL) 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Rfdge Wind, LLC & 
Crowned Ridge Wind II. LLC. 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, silting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

IN CIRCUIT COURT 

TIDRD JUDICIAL CIRCUIT 

25CIV19w __ _ 

PETITION FOR WRIT 
OF CERTIORARI 
(SDCL § 11-2-61) 

VERIFICATION OF 
PETITIONERS KEVIN 
KRAKOW & CINDY KRAKOW 

KEVIN KRAKOW and CINDY KRAKOW, each being a petitioner in the above
referenced matter, being first duly sworn, state that he or she is familiar with the petition for writ, 
and the facts stated therein regarding himself or herself1 as petitioner and his or her respective 
interests thereh1, and now, he or she does hereby verify the factual allegations are true and 
correct to the best of his or her information, knowledge and belief. 

1,.,t,yt,.-/ ~ Date: /~ / ~ - / f 

~~Jzcu~J ___ D~me~:)_·- /5_~/~9 __ KEV~lKRAKOW ~ 

CINDY KO 

Subscribed and swom to before me, a Notary Public, bY, KWIN KRAKOW and CINDY 
KRAKOW, each personally known to me, l:his date: ,., 15-1 L-( ___ . 

,. , ..... •'' .. ,.,t . ' . . 
/vfY·, C°9mm1s~i.o'n Expires: 

. ·:.-,.'.('\;.tt·' ·11, ·0.btq 
• ->-; J-. - ~ ~ ---

' , I : ~ I > \ ' -
1 

• I . ' I • . ,' \ '·. \ . -.... 
\ .- . • · (S E' J.\ £° ) 

• ! ' ,c-0 \ 
• I ·11. \ I I 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC & 
Crowned Ridge Wind II, LLC. 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

25CIV19-__ _ 

PETITION FOR WRJT 
OF CERTIORARI 
(SDCL § 11-2-61) 

VERIFICATION OF 
PETITIONER KELLY OWEN 

KELLY OWEN, being a petitioner in the above-referenced matter, being first duly 
sworn, states 1hat he is familiar with the petition for writ, and the facts stated therein regarding 
himself, as petitioner and his respective interests therei~ and now, he does hereby verify the 
factual allegations are true and correct to the best of his information, knowledge and belie±: 

.P .a=te..:.....: __,_,./ f---'-1----'~'+/ ....... 1_9,_ ___ _ 
I , 

.My Commission Expires: 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC & 
Crowned Ridge Wind II, LLC. 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUS1MENT, 

Respondent. 

IN CIRCUIT COURT 

THIRD WDICIAL CIRCUIT 

25CIV19-__ 

PETITION FOR WRIT 
OF CERTIORARI 
(SDCL § 11-2-61) 

VERIFICATION OF 
PETITIONER KEVIN OWEN 

KEVIN OWEN, being a petitioner in the above-referenced matter, being first duly sworn, 
states that he is familiar with the petition for writ, and the facts stated therein regarding himself, 
as petitioner and his respective interests therein, and now, he does hereby verify the factual 
allegations are true and correct to the best of his information, knowledge and belief 

~~a__ /-/L/-1°1 Dfile=: _________ _ 
KEVIN OWEN 

Subscribed and sworn to before me, a Notary Public, by KEVIN OWEN, personally known to 
me, this date: \-\_~----'-- _,_\C\-----'---------

My Commission Expires: 

::s\J---<"'.,L ~ b l ~CB\ . -

SEAL 
BRITTANY FOLK 
~ NOTARY PUBLIC~ 
~ BOU'lliDAKOTA ~ 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC & 
Crowned Ridge Wind II, LLC., assigned 
CUP08172018, 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

THE STATE OF SOUTH DAKOTA TO: 

IN CIRCUIT COURT 

11-IIRD JUDICIAL CIRCUIT 

25CIV 19-000007 

WRIT OF 
CERTIORARI 
(SDCL § 11-2-61) 

RESPONDENT GRANT COUNTY PLANNING COMMISSION, SITTING AS THE GRANT 
COUNTY BOARD OF ADJUSTMENT, AND GRANT COUNTY STATE'S ATTORNEY, 
MARK REEDSTROM, GREETINGS: 

IT APPEARING: upon the Petition for Writ of Ce1tiorari, verified by Petitioners JARED 

KRAKOW, MEGAN KRAKOW, KEVIN KRAKOW, CINDY KRAKOW, KELLY OWEN and 

KEVIN OWEN, now being presented to this Court pursuant to SDCL § 11-2-61, and concerning 

the certain action of Respondent Board of Adjustment as made by voting thereon on December 

17, 2018, and for which Findings of Fact were subsequently signed by Respondent's Chairperson 

Nancy Johnson on December 28, 2018, and filed that date in Respondent's office (the 

"Decision"), under provisions of the Grant County Zoning Ordinance and as to a Conditional 

Use Permit sought by CROWNED RIDGE WIND, LLC, and CROWNED RIDGE WIND II, 

LLC, each a Delaware limited liability company ("Applicants"), having an address of Corp Gov 

- Law/JB, 700 Universe Blvd., Juno Beach, FL 33408, and a registered agent and office within 

008035
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Writ of Certiorari 
25CIV 19-000007 (Grant County) 
Krakow et a.l. v. Gram County Planning Commlssion sitting as the Grant County 
Board of Adjuswient, Respondent 

the state of Corporation Service Company, 503 S. Pierre St., Pierre, SD 57501-4522; Applicant 

seeks the permit for the construction and operation of up to thirty-two (32) wind turbines, to be 

constructed upon lands leased from those referenced in the Petition as "Participating Owners," 

and situate within Mazeppa, Stockholm, and Troy Townships, within Grant County, South 

Dakota; and 

IT APPEARING FURTHER, as the statute requires an assertion that the action taken is 

illegal, in whole or in pait, and specifying the grounds of the asserted illegality, the Court 

observes that the Petition for Writ of Ce1tiorari, filed on January 18, 2019, makes a number of 

claims regarding the requirements of the Grant County Zoning Ordinance, including claims the 

Decision entails approval of a proposed activity of such scope and with risk of harm and loss to 

Petitioners, and entailing also what is termed by them as "Trespass Zoning," understood, by 

reason of setbacks that are inadequate, from Petitioners' perspective, or are otherwise measured 

from dwellings or buildings rather than property lines, to be a form of taking or a preclusion of 

future enjoyment and use of Petitioners' own prope1ties in conformity with the Zoning 

Ordinance, and that, in the totality of the circumstances, represents an exercise of governmental 

power beyond the scope of the Zoning Power as may be lawfully delegated by the South Dakota 

Legislature, and inferentially, the potential illegality of Respondent's action, and said Petition 

further alleges the proposed use by Applicants is not named in or envisioned by the Grant 

County Comprehensive Land Use Plan adopted in 2004, and additionally, va1ious persons 

serving as members of Respondent Board have served and, in the exercise of quasi-judicial 

powers, taken action notwithstanding undisclosed conflicts of interest or bias in favor of wind 

development actions, all such allegations, collectively, being deemed sufficient, as threshold 

matter, to warrant and support the issuance of the writ as sought; 

IT IS ORDERED the Writ shall be and is hereby allowed for purposes of conducting the 

review envisioned by the statute, with service hereof (along with a true copy of the Petition for 

Writ of Certiorari 
- 2-
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Writ of Certiorari 
25CIV 19-000007 (Grant County) 
Krakow et al. v. Grant County Planning Commission sitting as the Grant County 
Board of Adjustment, Respondent 

Writ, with verifications and Exhibits P-1 and P-2 thereto, and other initial pleadings, if any) to be 

made by U.S. mail (or service may be admitted) upon (a) any member of the Grant County 

Planning Commission, sitting as the Grant County Board of Adjustment, (b) upon either the 

Grant County Auditor or Zoning Administrator or officer, and (c) by means of ECF to the Grant 

County State's Attorney, Mark Reedstrom; and 

IT IS FURTHER ORDERED the Board of Adjustment shall make a return of the papers 

before Respondent as to the matter identified in the Petition, including therein all matters 

considered by the Board of Adjustment in reaching the action taken, within 60 days of the date of 

notice of entry or of allowance of this Writ (or other satisfacto1y proofs of service), or within 

such additional time as the Court may allow, the return to include a true copy of the Grant 

County Zoning Ordinance, and Grant County Comprehensive Land Use Plan, each as was in 

force and effect on the date of the action taken, and any other matters of Grant County resolution 

or ordinance as relate or respond to the assertions or claims set forth in the Petition for Writ, all 

such matters returned to be served also upon counsel for Petitioners; and 

IT IS FURTHER ORDERED, notice of the issuance of this Writ shall be given to 

Applicants, CROWNED RIDGE WIND, LLC, and CROWNED RIDGE WIND II, LLC (if 

Applicants intervene, then to counsel also appearing for such Applicants); in the event 

Petitioners seek to stay the proceedings to be reviewed by Writ, in accord with SDCL § 11-2-62, 

separate notice of the application shall be given to Respondent Board of Adjustment, Grant 

County State's Attorney and any other counsel appearing for Respondent Board of Adjustment, 

as well as counsel appearing for the Applicants; and 

IT IS FINALLY ORDERED: whether upon motion of any party or sua sponte, the Court 

may issue such other and additional orders in this matter for purposes of administration of 

justice, or in the hearing or trial of the case, and further, the parties shall be entitled to exercise 

written or other discovery methods as provided for by Chapter 15-6, SDCL, including the use of 

Writ of Certiorari 
- 3 -
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Writ of Certiorari 
25CIV 19-000007 (Grant County) 
Krakow et al. v. Grant County Planning Commission sitting as the Grant C oun'ty 
Board of Adjustment, Respondent 

written interrogatories, served upon Respondent, or directed to one or more officers, agents or 

the appointed or serving members of such Board of Adjustment, including members and 

alternate members having heard the matter on November 13, 2018, and pa1ticipating in the vote 

upon the motion adopted December 17, 2018, or in having signed the findings of fact as entered 

in this matter on or a bout December 28, 2018, such discovery may include inquiry therein as to 

potential or actual grounds for conflicts and personal interests or bias, if any. 

Issued: 

Attest: 

Attest: 
Johnson, Donna 
Clerk/Deputy 

Julie Andernon~, \ =-r 
CLERK OF COURTS 

By: _________ _ 

BY THE COURT: 

Honorable Robert Spears 
Circuit Court Judge 

Signed: 1/31/2019 10:45:16 AM 

Filed on: 01/31/2019 GRANT County, South Dakota 25CIV19-000007 

Writ of Certiorari 
-4-
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC 
and Crowned Ridge Wind JI, LLC, assigned 
CUP08172018 

JARED KRAKOW, MEGAN KRAKOW, 
KEVIN KRAKOW, CINDY KRAKOW, 
KELLY OWEN, and KEVIN OWEN, 

Petitioners, 

vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

25CIV19-000007 

MOTION TO INTERVENE 

Crowned Ridge Wind, LLC and Crowned Ridge Wind II, LLC ( collectively 

"Crowned Ridge"), by and through their attorneys of record, and pursuant to SDCL § 15-

6-24, moves the Court for an Order allowing it to intervene as a respondent in the above

entitled matter. 

In support of this Motion to Intervene, Crowned Ridge states that it has an interest 

in this action, as it was granted the Conditional Use Permit that is the subject of 

Petitioners' Petition for Writ of Certiorari. Crowned Ridge seeks to construct wind 

turbines on land situated in Grant County, South Dakota, and is directly affected by the 

1 
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outcome of the Court's decision on the Writ of Certiorari. Crowned Ridge submits that 

its interests will not be adequately protected by the named Defendant, as they have 

distinct interests. Petitioners, through their attorney of record, indicate they do not 

oppose or object to Crof!j'ed Ridge's intervention.' 

Dated this£ day of February, 2019. 

TZ & LEBRUN, P.C. 

h il acher 
Dana Van Beek Palmer 
Steven J. Oberg 
Attorneys for Defendants 
110 N. Minnesota Avenue, Suite 400 
Sioux Falls, SD 57104 
Telephone: (605) 332-5999 
mschumacher@lynnjackson.com 
dpalmer@lynnjackson.com 
soberg@lynnjackson.com 

1 Because Petitioners have indicated they do not object to Crowned Ridge's intervention, no 
supporting brief is being submitted along with thjs Motion. If the Court desires briefing on the 
issue, Crowned Ridge will, of course, submit such briefing. 

2 
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STATE OF SOUTH DAKOTA 

COUNTY OF GRANT 

) 
: ss 
) 

In the Matter of Conditional Use Permit 
Applications of Crowned Ridge Wind, LLC & 
Crowned Ridge Wind fl LLC., assigned 
CUP08172018, 

ALLEN ROBISH, and 
KRISTI MOGEN, 

Petitioners, 
vs. 

GRANT COUNTY PLANNING 
COMMISSION, sitting as GRANT 
COUNTY BOARD OF ADJUSTMENT, 

Respondent. 

THE STATE OF SOUTH DAKOTA TO: 

IN CIRCUIT COURT 

THIRD JUDICIAL CIRCUIT 

25CIV 19-009 

WRIT OF 
CERTIORARI 
(SDCL § 11-2-61) 

RESPONDENT GRANT COUNTY PLANNING COMMISSION, SITTING AS THE GRANT 
COUNTY BOARD OF ADJUSTMENT, AND GRANT COUNTY STATE'S ATTORNEY, 
MARK REEDSTROM, GREETINGS: 

IT APPEARING: upon the Petition for Writ of Certiorari, verified by Petitioners ALLEN 

ROBISH and KRISTI MOGEN, now being presented to this Court pursuant to SDCL § 11-2-61, 

and concerning the certain action of Respondent Board of Adjustment made on December 17, 

2018, and for which Findings of Fact have been signed by Respondent's Chairperson Nancy 

Johnson on December 28, 2018, and filed that date in Respondent's office (the "Decision"), under 

provisions of the Grant County Zoning Ordinance and as to a Conditional Use Permit sought by 

CROWNED RIDGE WIND, LLC, and CROWNED RIDGE WIND II, LLC, each a Delaware 

limited liability company ("Applicants"), having an address of Corp Gov - Law/JB, 700 Universe 

Filed: 2/13/2019 3:16 PM CST Grant County, South Dakota 25CIV19-000009 008041
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Blvd., Juno Beach, FL 33408, and a registered agent and office within the state of Corporation 

Service Company, 503 S. Pierre St., Pierre, SD 57501-4522; Applicant seeks the pem1it for the 

constmction and operation of up to thitty-two (32) wind turbines, upon lands leased from those 

referenced in the Petition as "Pruticipating Owners," and situate within Grant County, South 

Dakota; and 

IT APPEARING FURTHER, as the statute requires an assertion that the action taken is 

illegal, in whole or in part, and specifying the grounds of the asserted illegality, the Court observes 

that the Petition for Writ of Ce1tiorari, filed on January 25. 2019. makes a number of claims 

regarding due process violations and conflict of interest violations all in relation to the 

requirements of the Grant County Zoning Ordinance and State law, including claims the Decision 

entails approval of a proposed activity of such scope and with risk of hann and loss to Petitioners, 

and entailing also what is tenned by them as '"Trespass Zoning," understood, by reason of setbacks 

that are inadequate, from Petitioners' perspective, or are otherwise measured from dwellings or 

buildings rather than property tines, to be a form of taking or a preclusion of future enjoyment and 

use of Petitioners' own properties in confonuity with the Zoning Ordinance, and that, in the totality 

of the circumstances, represents an exercise of governmental power beyond the scope of the 

Zoning Power as may be lawfully delegated by the South Dakota Legislature, and inferentially, 

the potential illegality of Respondent's action, and said Petition further alleges the proposed use 

by Applicants is not named in or envisioned by the Grant County Comprehensive Land Use Plan 

adopted in 2004, and additionally, various persons serving as members of Respondent Board have 

served and, in the exercise of quasi-judicial powers, taken action notwithstanding undisclosed 

conflicts of interest or bias in favor of wind development actions, all such allegations, collectively, 

2 
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being deemed sutlicient. as threshold matter, to warrant and support the issuance of the writ as 

sought; 

IT IS HEREBY ORDERED AS FOLLOWS: 

l. The Writ shall be and is hereby allowed for purposes of conducting the review envisioned 

by the statute, with service hereof (along ,1:.,ith a trne copy of the Petition for Writ, with 

verifications and Exhibits 1 and 2 thereto, and other initial pleadings, if any) to be made by 

U.S. mail (or service may be admitted) upon (a) any member of the Grant County Planning 

Commission. sitting as the C'n·ant County Board of Adjustment, (b) upon either the Grant 

County Auditor or Zoning Administrator or otlicer, and (c) by means of ECF to the Grant 

County State' s Attorney, Mark Rccdstrom; and 

2. TI1e Board of Adjustment shall make a return of the papers before Respondent as to the 

matter identified in the Petition, including therein all matters considered by the Board of 

Adjustment in reaching the action taken, within 60 days of the date of notice of entry or of 

allowance of this Writ (or other satisfactory proofs of service), or within such additional 

time as the Court may allow, the return to include a hue copy of the Grant County Zoning 

Ordinance, the Grant County Comprehensive Land Use Plan, and the Grant County Board 

of Adjustment Bylaws, each as was in force and effect on the date of the action taken, and 

any other matters of Grant County resolution or ordinance as relate or respond to the 

assertions or claims set forth in the Petition for Writ, all such matters returned to be served 

also upon counsel for Petitioners; and 

3. Notice of the issuance of this Writ shall be given to Applicants, CROWNED RIDGE 

WIND, LLC, and CROWNED RIDGE WIND 11, LLC (if Applicants intervene, then to 

counsel also appearing for such Applicants); in the event Petitioners seek to stay the 

3 
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proceedings to be reviewed by Writ, in accord with SDCL § 11-2-62. separate notice of 

the application shall be given to Respondent Board of Adjustment, Grant County State's 

Attorney and any other counsel appearing for Respondent Board of Adjustment, as well as 

counsel appearing for the Applicants; and 

4. Whether upon motion of any party or sua f>ponte, the Court may issue such other and 

additional orders in this matter for purposes of administration of justice, or in the hearing 

or trial of the case, and further, the parties shall be entitled to exercise written or other 

discovery methods as provided for by Chapter 15-6, SDCL, including the use of written 

inten-ogatories, served upon Respondent, or directed to one or more otlicers, agents or the 

appointed or serving members of such Board of Adjustment, including members and 

alternate members having heard the matter on November 13, 2018, and participating in the 

vote upon the motion adopted December 17, 2018, or in having signed the findings of fact 

pertaining to this matter on or about December 28, 2018, such discovery may include 

inquiry therein as to potential or actual grounds for conflict<; of interest or bias, if any. 

Issued: 

Attest: 

Attest: 
Anderson, Julie 
Cterk/Deputy 

Julie Anderson, Cl cl~ 

CLERK OF COURTS 

By:------------

BY THE COURT: 

Robert L. Spears 
Circuit Court Judge 

4 

Signed: 2/11/2019 10:49:54 AM 
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