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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o

IN THE MATTER OF THE PETITION OF 

TRANSCANADA KEYSTONE PIPELINE, LP 

FOR ORDER ACCEPTING CERTIFICATION 

OF PERMIT ISSUED IN DOCKET HP09-001 TO 

CONSTRUCT THE KEYSTONE XL PROJECT 

: 

: 

: 

HP 14-001 

APPLICANT’S NOTICE OF 

FILING OF EXHIBITS 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o

You are hereby notified that TransCanada Keystone Pipeline, LP has transmitted its 

proposed hearing exhibits in electronic format to the South Dakota Public Utilities Commission 

for positing on the South Dakota PUC’s website. 

Dated this 22
nd

 day of July, 2015.

WOODS, FULLER, SHULTZ & SMITH P.C. 

   By  /s/ James E. Moore 

James E. Moore 

PO Box 5027 

300 South Phillips Avenue, Suite 300 

Sioux Falls, SD 57117-5027 

Phone (605) 336-3890 

Fax (605) 339-3357 

Email James.Moore@woodsfuller.com 

- and -

William Taylor 

2921 E. 57
th

 Street, #10

Sioux Falls, SD 57108 

Phone 605-212-1750 

Bill.Taylor@williamgtaylor.com 

Attorneys for Applicant TransCanada 
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CERTIFICATE OF SERVICE 
 

 I hereby certify that on the 22
nd

 day of July, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of Applicant’s Notice of Filing 

of Exhibits, to the following: 

Patricia Van Gerpen 

Executive Director 

South Dakota Public Utilities Commission 

500 E. Capitol Avenue 

Pierre, SD 57501 

patty.vangerpen@state.sd.us 

Kristen Edwards 

Staff Attorney 

South Dakota Public Utilities Commission 

500 E. Capitol Avenue 

Pierre, SD 57501 

kristen.edwards@state.sd.us 

Brian Rounds 

Staff Analyst 

South Dakota Public Utilities Commission 

500 E. Capitol Avenue 

Pierre, SD 57501 

brian.rounds@state.sd.us 

Darren Kearney 

Staff Analyst South Dakota Public Utilities 

Commission 

500 E. Capitol Avenue 

Pierre, SD 57501 

darren.kearney@state.sd.us 

Tony Rogers, Director 

Rosebud Sioux Tribe - Tribal Utility 

Commission 

153 South Main Street 

Mission, SD 57555 

tuc@rosebudsiouxtribe-nsn.gov 

Cindy Myers, R.N. 

PO Box 104 

Stuart, NE 68780 

csmyers77@hotmail.com 

Jane Kleeb 

1010 North Denver Avenue 

Hastings, NE 68901 

jane@boldnebraska.org 

Byron T. Steskal 

Diana L. Steskal 

707 E. 2
nd

 Street 

Stuart, NE 68780 

prairierose@nntc.net 

Terry Frisch 

Cheryl Frisch 

47591 875
th

 Road 

Atkinson, NE 68713 

tcfrisch@q.com 

Arthur R. Tanderup 

52343 857
th

 Road 

Neligh, NE 68756 

atanderu@gmail.com 

 

Lewis GrassRope 

PO Box 61 

Lower Brule, SD 57548 

wisestar8@msn.com 

Carolyn P. Smith 

305 N. 3
rd

 Street 

Plainview, NE 68769 

peachie_1234@yahoo.com 
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Robert G. Allpress 

46165 Badger Road 

Naper, NE 68755 

bobandnan2008@hotmail.com 

 

Amy Schaffer 

PO Box 114 

Louisville, NE 68037 

amyannschaffer@gmail.com  

Louis T. (Tom) Genung 

902 E. 7
th

 Street 

Hastings, NE 68901 

tg64152@windstream.net 

Benjamin D. Gotschall 

6505 W. Davey Road 

Raymond, NE 68428 

ben@boldnebraska.org 

Nancy Hilding 

6300 West Elm 

Black Hawk, SD 57718 

nhilshat@rapidnet.com   

Elizabeth Lone Eagle 

PO Box 160 

Howes, SD 57748 

bethcbest@gmail.com 

Paul F. Seamans 

27893 249
th

 Street 

Draper, SD 57531 

jacknife@goldenwest.net 

John H. Harter 

28125 307
th

 Avenue 

Winner, SD 57580 

johnharter11@yahoo.com 

Viola Waln 

PO Box 937 

Rosebud, SD 57570 

walnranch@goldenwest.net 

Peter Capossela 

Peter Capossela, P.C. 

Representing Standing Rock Sioux Tribe 

PO Box 10643 

Eugene, OR 97440 

pcapossela@nu-world.com 

Wrexie Lainson Bardaglio 

9748 Arden Road 

Trumansburg, NY 14886 

wrexie.bardaglio@gmail.com  

Travis Clark 

Fredericks Peebles & Morgan LLP 

Suite 104, 910 5
th

 St. 

Rapid City, SD 57701 

tclark@ndnlaw.com 

Harold C. Frazier 

Chairman, Cheyenne River Sioux Tribe 

PO Box 590 

Eagle Butte, SD 57625 

haroldcfrazier@yahoo.com 

mailto:kevinckeckler@yahoo.com 

Jerry P. Jones 

22584 US Hwy 14 

Midland, SD 57552 

Cody Jones 

21648 US Hwy 14/63 

Midland, SD 57552 

Debbie J. Trapp 

24952 US Hwy 14 

Midland, SD 57552 

mtdt@goldenwest.net  

 

Gena M. Parkhurst 

2825 Minnewsta Place 

Rapid City, SD 57702 

GMP66@hotmail.com 
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Jennifer S. Baker 

Representing Yankton Sioux Tribe 

Fredericks Peebles & Morgan LLP 

1900 Plaza Dr. 

Louisville, CO 80027 

jbaker@ndnlaw.com 

Joye Braun 

PO Box 484 

Eagle Butte, SD 57625 

jmbraun57625@gmail.com 

Duncan Meisel 

350.org 

20 Jay St., #1010 

Brooklyn, NY 11201 

duncan@350.org 

The Yankton Sioux Tribe 

Robert Flying Hawk, Chairman 

PO Box 1153 

Wagner, SD 57380 

robertflyinghawk@gmail.com 

Thomasina Real Bird 

Attorney for Yankton Sioux Tribe 

trealbird@ndnlaw.com 

Bruce Ellison 

Attorney for Dakota Rural Action 

518 6
th

 Street #6 

Rapid City, SD 57701 

belli4law@aol.com 

Chastity Jewett 

1321 Woodridge Drive 

Rapid City, SD 57701 

chasjewett@gmail.com   

RoxAnn Boettcher 

Boettcher Organics 

86061 Edgewater Avenue 

Bassett, NE 68714 

boettcherann@abbnebraska.com  

Bruce Boettcher 

Boettcher Organics 

86061 Edgewater Avenue 

Bassett, NE 68714 

boettcherann@abbnebraska.com  

Bonny Kilmurry 

47798 888 Road 

Atkinson, NE 68713 

bjkilmurry@gmail.com  

Ronald Fees 

17401 Fox Ridge Road 

Opal, SD 57758 

Robert P. Gough, Secretary 

Intertribal Council on Utility Policy 

PO Box 25 

Rosebud, SD 57570 

bobgough@intertribalCOUP.org  

Tom BK Goldtooth 

Indigenous Environmental Network (IEN) 

PO Box 485 

Bemidji, MN 56619 

ien@igc.org 

Dallas Goldtooth 

38731 Res Hwy 1 

Morton, MN 56270 

goldtoothdallas@gmail.com  

Gary F. Dorr 

27853 292
nd

 

Winner, SD 57580 

gfdorr@gmail.com  
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William Kindle, President 

Rosebud Sioux Tribe 

PO Box 430 

Rosebud, SD 575 

William.Kindle@rst-nsn.gov  

ejantoine@hotmail.com 

Paula Antoine 

Sicangu Oyate Land Office Coordinator 

Rosebud Sioux Tribe 

PO Box 658 

Rosebud, SD 57570 

wopila@gwtc.net 

paula.antoine@rosebudsiouxtribe-nsn.gov 

Thomasina Real Bird 

Representing Yankton Sioux Tribe 

Fredericks Peebles & Morgan LLP 

1900 Plaza Dr. 

Louisville, CO 80027 

trealbird@ndnlaw.com  

Sabrina King 

Dakota Rural Action 

518 Sixth Street, #6 

Rapid City, SD 57701 

sabinra@dakotarural.org 

Frank James 

Dakota Rural Action 

PO Box 549 

Brookings, SD 57006 

fejames@dakotarural.org 

Robin S. Martinez 

Dakota Rural Action 

Martinez Madrigal & Machicao, LLC 

616 West 26
th

 Street 

Kansas City, MO 64108 

robin.martinez@martinezlaw.net  

Tracey A. Zephier 

Attorney for Cheyenne River Sioux Tribe 

Fredericks Peebles & Morgan LLP 

910 5
th

 Street, Suite 104 

Rapid City, SD 57701 

tzephier@ndnlaw.com  

Paul C. Blackburn 

4145 20
th

 Avenue South 

Minneapolis, MN 55407 

paul@paulblackburn.net  

 

Matthew Rappold 

Rappold Law Office 

on behalf of Rosebud Sioux Tribe 

PO Box 873 

Rapid City, SD 57709 

matt.rappold01@gmail.com  

April D. McCart 

Representing Dakota Rural Action 

Certified Paralegal 

Martinez Madrigal & Machicao, LLC 

616 W. 26
th

 Street 

Kansas City, MO 64108 

april.mccart@martinezlaw.net  

Kimberly E. Craven 

3560 Catalpa Way 

Boulder, CO 80304 

kimecraven@gmail.com  

Joy Lashley 

Administrative Assistant 

SD Public Utilities Commission 

joy.lashley@state.sd.us  

Mary Turgeon Wynne 

Rosebud Sioux Tribe - Tribal Utility 

Commission 

153 S. Main Street 

Mission, SD 57555 

tuc@rosebudsiouxtribe-nsn.gov  

Eric Antoine 

Rosebud Sioux Tribe 

PO Box 430 

Rosebud, SD 57570 

ejantoine@hotmail.com  
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        /s/ James E. Moore 

      One of the attorneys for TransCanada 
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BEFORE THE PUBLIC UTILITIES COMlVUSSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE 
APPLICATION BY TRANSCANADA 
KEYSTONE PIPELINE, LP FOR A 
PERMIT UNDER THE SOUTH 
DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES 
ACT TO CONSTRUCT THE 
KEYSTONE XL PROJECT 

DOCKET NUMBER HP 

CERTIFICATION 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

City of Calgary ) 
) SS 

Alberta, Canada ) 

TransCanada Keystone Pipeline, LP ("Keystone") hereby certifies that the conditions upon 

which the South Dakota Public Utilities Commission granted the facility permit in Docket 

HP09-001 for the Keystone XL hydrocarbon pipeline (the "Project") under the Energy Conversion 

and Transmission Facilities Act continue to be satisfied. The basis for this ce11ification is set forth 

in the accompanying Petition for Order Accepting Certification under SDCL 49-41B-27. 

Keystone is in compliance with the conditions attached to the June 29, 2010 Amended Final 

Decision and Order in this docket, to the extent that those conditions have applicability in the 

cmTent pre-construction phase of the Project. Keystone ce11ifies that it will meet and comply with 

all of the applicable pennit conditions during construction, operation, and maintenance of the 

Project. 

EXHIBIT 

I ~ooo 
020335



Case Number: HP 

STATUTORY DECLARATION 

, of , in the Province of Alberta, 

Canada, do solemnly declare as follows: 

And I make this solemn declaration conscientiously believing it to be true and knowing 

that it is of the same force and effect as is made under oath. 

DECLARED before me at the e 111-f 

of C:'.{tc,.412-V in the 

Province of Alberta, this I ?.-M- day 

of s·E::-Pn:-7Ylt3t?'- , A.D. 20 I 4 

A Commissioner for Oaths/Notary Public 

(PRINT OF STAMP NAME HERE) 

MY APPOINTMENT EXPIRES 

SHANNON R. ONOOK 
A Notary Public in and for the. 

Province of Alberta. My Comm1ss1on 
expires at the pleas~re of the. 

Lieutenant Govarnor-m-Counc1I 

) 
) 
) 
) 
) 
) ( o(.2t"'I. 0,ouL&I 

A/ . 
(Must 'b egibly printed or stamped in legible 
printing if appointed under section 1 of the ac~) 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER 
THE SOUTH DAKOTA ENERGY 
CONVERSION AND TRANSMISSION 
FACILITIES ACT TO CONSTRUCT THE 
KEYSTONE XL PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

DOCKET NUMBER HP 

PETITION FOR ORDER 
ACCEPTING CERTIFICATION 

UNDER SDCL § 49-4 lB-27 

Petitioner TransCanada Keystone Pipeline, LP (Keystone) sought and obtained a pem1it 

from the South Dakota Public Utilities Commission (Commission) in 2010 to construct and 

operate the Keystone XL hydrocarbon pipeline project (Project) through western South Dakota. 

The Commission granted a final permit in Docket No. HP09-001 on June 29, 2010. More than 

four years have passed since that time. State law provides that permits are perpetual but if 

construction has not commenced within four years of issuance, the applicant must certify to the 

Commission, prior to commencing construction, that the Project continues to meet the conditions 

upon which the permit was issued (SDCL 49-41B-27). By this filing, Keystone makes the 

required certification and requests that the Commission issue an order accepting Keystone's 

certification and finding that the Project continues to meet the conditions upon which the permit 

was issued. 

{01717811.l} 
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Case Number: HP 
Name of Document: Petition for Order Accepting Certification Under SDCL § 49-4IB-27 

I. 
BACKGROUND 

On March 12, 2009, Keystone filed an application in Docket HP 09-001 seeking a 

permit to construct and operate the Project in South Dakota. A hearing was held before the 

Commission from November 2-4, 2009. Keystone, Commission staff, and Dakota Rural Action 

were parties to the proceeding and participated in the hearing. The Commission issued a Final 

Decision and Order dated March 12, 2010. The Commission issued an Amended Final Decision 

and Order dated June 29, 2010, to which 50 conditions are attached. 

As stated in the Amended Final Decision and Order, the Project originally was proposed 

to be developed in three segments: the Steele City Segment from Hardisty, Albe1ia, to Steele 

City, Nebraska; the Gulf Coast Segment from Cushing, Oklahoma, to Liberty County, Texas; and 

the Houston Lateral Segment from Liberty County, Texas to refinery markets near Houston, 

Texas. The Project was conceived to transport incremental crude oil production from the 

Western Canadian Sedimentary Basin to refineries and markets in the United States. 

Construction of the Project was proposed to begin in May 2011 and to be completed in 2012. 

The Project, as proposed, has been delayed. A Presidential Permit required by Executive 

Order 11423 of August 16, 1968, and Executive Order 13337 of April 30, 2004, allowing the 

pipeline to cross the border between Canada and the United States, is still under review before 

the United States Department of State (DOS). Keystone submitted a Presidential Permit 

application to the DOS on September 19, 2008. After that application was denied without 

prejudice due to the Administration's inability to complete its review by a Congressionally 

imposed deadline, Keystone submitted a revised application on May 4, 2012. Drawing upon an 

{01717811.1} 
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Case Number: HP 
Name of Document: Petition for Order Accepting Certification Under SDCL § 49-41 B-27 

extensive public record and multiple draft and final Environmental Impact Statements, DOS 

issued a Final Supplemental Environmental Impact Statement (Final SEIS) on January 31, 2014. 1 

In the Final SEIS, the DOS concluded, among other things, that: 

o Keystone has long-te1m commitments to ship both Canadian and Bakken oil to 
Gulf Coast refineries, production of Canadian and Bakken oil is projected to 
increase, and there is existing demand by Gulf Coast area refiners for stable 
sources of crude oil. (Final SEIS §§ 1.3.1, 1.4.) 

o The analyses of potential impacts associated with construction and normal 
operation of the pipeline "suggest that significant impacts to most resources are 
not expected along the proposed Project route" assuming that the Project complies 
with applicable laws, regulations, and permit conditions. (Final SEIS § 4.16.) 

o Due to market developments, the transportation of Canadian crude by rail is 
already occurring in substantial volumes (an estimated 180,000 bpd), with a 
greater risk ofleaks and spills, as well as injuries and fatalities, than if the oil were 
transported by pipeline. (Final EIS,§§ E.S. 3.1, E.S.5.4.3.) 

On April 18, 2014, the Administration announced an indefinite delay in the current 

Presidential Pem1it review process, referencing on-going litigation related to the approval of a 

revised pipeline route in Nebraska.2 

During the pendency of the current Presidential Permit application, Keystone proceeded 

with the Gulf Coast Segment as a stand-alone project based on its independent utility. 

Construction is complete and that pipeline from Cushing, OK to Liberty County, Texas was 

placed in service on January 22, 2014. Construction of the Houston Lateral segment is currently 

1 http://keystonepipeline-xl.state.gov/finalseis/index.htm. 
2 In 2012, the Nebraska Legislature approved legislation giving the Governor authority to approve a revised route for 
the pipeline in that State. After an extensive public review process led by the Department of Environmental Quality, 
the Governor approved Keystone's proposed re-route in Nebraska. In February 2014, a Nebraska lower court 
declared the legislation unconstitutional. That case is currently on appeal to the Nebraska Supreme Court and the 
effect of the lower court's decision is stayed pending the outcome of that appeal. 
{01717811.1} 
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Case Number: HP 
Name of Document: Petition for Order Accepting Certification Under SDCL § 49-41 B-27 

under way. The currently pending Presidential Permit application involves consideration of the 

former Steele City segment only (see Appendix A; map of the current proposed Project). 

Since the Amended Final Decision and Order, the Bakken Marketlink Project has been 

made part of the Project. Bakken Marketlink includes a five-mile pipeline, pumps, meters, and 

storage tanks near Baker, Montana, to deliver light sweet crude oil from the Bakken formation in 

Montana and North Dakota for transpmtation through the Project. Bakken Marketlink became 

commercial after the Amended Final Decision and Order in this case, as the result of a successful 

open season that closed on November 19, 2010. Bakken Marketlink will deliver up to 100,000 

bpd of domestically-produced crude oil into the Keystone XL Pipeline. Approximately 700,000 

bpd of Bakken formation production is currently being shipped by rail. Bakken Marketlink may 

relieve the need for some of that rail transportation while providing improved ratability and 

lower transportation costs for American producers. 

The material aspects of the proposed construction and operation of the Project in South 

Dakota remain essentially unchanged since the Commission granted its approval in 2010. The 

Project will extend 315 miles, use 36-inch nominal diameter pipe made of high-strength steel, 

and be protected by an external fusion bonded epoxy coating and cathodic protection by 

impressed current. The route corridor through South Dakota is largely unchanged from the route 

analyzed by the Commission as part of the permitting process.3 The pipeline will have batching 

capabilities and will be able to transpo1t products ranging from light crude oil to heavy crude oil. 

3 Keystone has implemented minor route variations designed to accommodate landowner concerns and improve 
constructability. As required by Condition No. 6 of the Amended Final Decision and Order, any material route 
changes will be provided to the Commission for review prior to construction. 
{01717811.1) 
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Case Number: HP 
Name of Document: Petition for Order Accepting Certification Under SDCL § 49-4!8-27 

Since the Amended Final Decision and Order, Keystone has filed seventeen quarterly 

reports with the Commission as required by Condition No. 8 of the Amended Final Decision and 

Order. Each report is submitted by Keystone's public liaison officer and addresses the status of 

land acquisition, construction, permitting, and other items. The most recent quarterly rep01t was 

submitted on July 29, 2014, and a copy of this report is attached hereto as Appendix B. 

II. 
THE PROJECT CONTINUES TO MEET THE CONDITIONS UPON WHICH THE 

PERMIT WAS ISSUED 

Accompanying this petition is a Certification, signed by the President of the Keystone 

Pipeline business unit, attesting that: (i) the conditions upon which the Commission issued the 

facility permit in this docket continue to be satisfied; (ii) Keystone is in compliance with the 

conditions attached to the June 29, 2010 order, to the extent that those conditions have 

applicability in the current pre-construction phase of the Project; and (iii) Keystone will meet and 

comply with all of the applicable permit conditions during construction, operation, and 

maintenance of the Project. Compliance with those conditions is farther reflected in Keystone's 

July 29, 2014 Quarterly Repo11 (Appendix B). Thus, Keystone has satisfied the statutory 

requirement to certify that the Project continues to meet the conditions upon which the 

Commission's approval was issued. 

In addition, Keystone submits that the circumstances and factual underpinnings of the 

Project that led the Commission to issue the facility permit remain valid. The factual findings 

underlying the Commission's decision are set forth in the June 29, 2010 Amended Final Decision 

and Order. In supp011 of this petition, Appendix C hereto presents those findings of fact from the 

{0171781 l.l} 
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Case Number: HP 
Name of Document: Petition for Order Accepting Certification Under SDCL § 49-41 B-27 

Commission's Amended Final Decision and Order that have changed since 2010 and describes 

the nature of those changes. As Appendix C makes clear, to the extent that there have been 

changes in the underlying facts, those changes are either neutral or positive to the Commission's 

concerns. In sum, the need, impacts, efficacy, and safety of the Project have not changed since 

the Amended Final Decision and Order. 

III. 
CONCLUSION 

The attached Certification, together with this petition and the supporting appendices, 

provides the necessary basis for the Commission to find that the Project continues to meet the 

conditions upon which the June 2010 permit was issued. Accordingly, Keystone respectfully 

requests that the Commission accept its certification under SDCL § 49-41B-27. 

Dated this 15th day of September, 2014. 

(01717811.l} 
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1.0 EXECUTIVE SUMMARY 

TransCanada filed a new a Presidential Permit application with the Department of State on May 4, 2012 and 

on January 31, 2014 the Department of State issued a Final Supplemental Environmental Impact Statement 

(FSEIS). The project is currently in the National Interest Determination period of the Presidential Permit 

process. Construction activities have not taken place, or will take place, in South Dakota until the required 

permits and regulatory approvals are obtained for any proposed construction site. Project personnel are 

continuing to review the proposed pipeline route to identify any potential construction issues before 

construction. The construction plan for the portion of the Keystone XL Pipeline Project through South 

Dakota is dependent on the timing of final regulatory approvals and may include three or four spreads. 

Keystone will implement the conditions of federal and state permits at the times specified by those permits. 

(See Appendix A for a table of the Summary of Consultations with the South Dakota Department of 

Environmental and Natural Resources.) 

2.0 PROJECT DESCRIPTION 

The project will include approximately 1,204 miles of 36 inch diameter pipeline from Hardisty, Alberta to 

Steel City, Nebraska, including approximately 313 miles in South Dakota. 

3.0 LAND ACQUISITION ST A TUS (South Dakota) 

3.1 Pipeline Right-of-Way Acquisition 

The pipeline centerline crosses property owned by 301 landowners. Keystone has acquired easements from 

over 99% of the landowners. Easements have been acquired from the vast majority of all private 

landowners. Acquisition of tracts owned by the State of South Dakota is in process. 

3.2 Pump Stations 

The pump stations will be located in Harding, Meade, Haakon, Jones, and Tripp County, South Dakota. 

Keystone has purchased all seven pump station sites. The size of each pump station site is approximately 10 

acres. 
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3.3 Pipe and Contractor Yards 

Keystone has leased 11 pipe yards and six contractor yards in South Dakota. The leases were originally for 

36 months, commencing on October 10, 2010. The leases have been extended an additional 24 months, 

expiring on October 1, 2015. The yards are in Harding, Butte, Meade, Haakon, Jones, Lyman and Tripp 

Counties. Each yard is approximately 30 acres in size. 

3.4 Contractor Housing Camps 

As outlined in the Keystone XL FSEIS, in Section 2.1.5.4 - Construction Camps, some remote areas in 

South Dakota do not have sufficient temporary housing near the proposed route to house all construction 

personnel working on spreads in those areas. In those remote areas, temporary work camps would be 

constructed to meet the housing needs of the construction workforce. Details of the construction camp 

configuration will depend on the final construction spread configuration and construction schedule, which is 

dependent on receipt of the final federal approval. 

4.0 Non-Environmental Permitting Status (South Dakota) 

4.1 County Roads 

102 crossing permit applications have been filed for the pipeline to cross under all county road rights-of

way. Of the 102 applications filed, 101 have been acquired as of September 30, 2013. 

4.2 State Roads 

Thirteen (13) crossing permits and twenty-four (24) temporary approach permit applications have been filed 

with the state of South Dakota Department of Transportation (SD DOT) for the pipeline to cross under the 

state road rights-of-way. All crossing and temporary approach permits have been received from the SD 

DOT. 

4.3 Railroads 

Two crossing easement permits are being negotiated for the pipeline to cross under existing railroad rights

of-way. The South Dakota State Railroad application was received November 23, 2012. Canadian Pacific 

Railway was sold to the Genesee & Wyoming Railway; All permitting was transferred and is pending a 

signed license agreement. 

Keystone XL Pipeline Project- June 30, 2014 2 

020348



4.4 Pump Stations 

The special use permits required for the two Harding County pump stations were approved 

on September 28, 2010. Of the remaining five pump stations, four do not require a special use permit, 

leaving only one special use permit needed for the pump station in Jones County. 

4.5 Contractor Camps 

All construction camps will be permitted, constructed and operated consistent with applicable county, state, 

and federal regulations. (See Table 2.1-11 of the FSEIS for relevant regulations and permits required for the 

construction.) 

5.0 ENVIRONMENTAL PERMITTING STATUS (South Dakota) 

Keystone is awaiting or will be preparing and submitting all remaining applications for required federal and 

state environmental permits for work in South Dakota and will obtain the required permits in advance of 

pipeline construction activities. 

6.0 FEDERAL PERMITS 

TransCanada filed a Presidential Permit application with the U.S. Department of State on May 4, 2012 to 

authorize the international border crossing for the Keystone XL Project. On January 31, 2014 the US 

Department of State issued a Final Supplemental Environmental Impact Statement addressing Keystone's 

May 2012 Presidential Permit application. The project is currently in the National Interest Determination 

phase. The route through South Dakota is largely unchanged from the route analyzed for the SDPUC 

permit. 

The former "Gulf Coast Segment" of the Keystone XL Project (a pipeline from Cushing Oklahoma to the 

Gulf Coast in Texas) was determined to have independent utility and was constructed as the stand-alone 

Gulf Coast pipeline separate from the Keystone XL Project. 

Keystone XL pipeline will also file permit applications with the US Army Corps of Engineers for the 

necessary authorizations under Section 404 of the Clean Water Act and Section IO of the Rivers and 

Harbors Act. 
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6.1 Permit Compliance 

Keystone will implement the conditions of federal and state permits at the times specified by those permits. 

(See Appendix A for a table of the Summary of Consultations with the South Dakota Department of 

Environmental and Natural Resources.) 

7.0 CONSTRUCTION STATUS 

No construction activities have taken place, or will take place, in South Dakota until the required permits 

and regulatory approvals are obtained for any proposed construction site. Project personnel are continuing 

to review the proposed pipeline route to identify any potential construction issues before construction. 

8.0 ENVIRONMENTAL CONTROL ACTIVITIES 

Environmental control activities, as required by applicable permit conditions, will be implemented when 

construction activities start in South Dakota. 

9.0 STATUS OF EMERGENCY RESPONSE AND INTEGRITY MANAGEMENT PLANS 

9.1 Emergency Response Plan 

Development of the Keystone Pipeline Project operational Emergency Response Plan for the U.S. is 

ongoing and will be submitted to Pipeline and Hazardous Materials Safety Administration (PHMSA) six 

months before pipeline in-service. New TransCanada-owned emergency response equipment trailers are 

planned for storage in South Dakota. 

Through its public awareness program, TransCanada continues to provide various types of information 

related to Keystone emergency response and pipeline safety awareness. 

9.2 Integrity Management Plan for High Consequence Areas 

Development of the Integrity Management Plan for the high consequence areas is ongoing. Progress in 

identifying high consequence areas and creating their subsequent tactical plans is about 70% complete. 

These tactical plans will be included in the Emergency Response Plan. After further discussions and 

coordination with PHMSA, the Integrity Management Plan will be formally submitted to PHMSA. 
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10.0 OTHER COMPLIANCE MEASURES 

See Appendix B for the status of implementation of South Dakota Public Utilities Commission (PUC) 

conditions. 

Keystone XL Pipeline Project - June 30, 2014 5 

020351



Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

APPENDIX A 

TransCanada 
In business to deliver 

Table 1: Recent Consultations with South Dakota 
Department of Environment and Natural Resources 

Date of Agency I Purpose of Follow-up 
Contact Individual Consultation Results of Consultation Required 

8-3-10 SD DENR Discuss both state and Laid out a blue print for State Determine if a 

Kelli Buscher, John federal permitting for the permitting. construction 
Miller, Albert Keystone XL Pipeline stormwater 

Spangler, Brian project in South Dakota discharge permit is 

Walsh, Mike DeFea as well as to review the required for the 
current project status and camps as it is not 

SDGFP 
schedule in South required for 
Dakota. pipeline related 

Leslie Murphy, John construction 
Lott 

SD DAG 

Raymond Sowers, 
Bill Smith 

10-23-12 SDGFP Silka Coordination with FWS, Keystone will modify Sage Grouse Updating Sage 
Kempana, Travis DOS, SD GFP regarding Protection Plan to account for SD Grouse Protection 
Runia Keystone Sage Grouse GFP additional input, conduct Plan, mitigation 

Protection Plan and ambient noise studies and plans and noise 
mitigation plans additional modeling, and revise modeling 

mitigation plans for SD GFP 
review. 

10-25-12 SD DENR Verification of permit Discussed water withdrawal and Keystone will 

Al Spangler application process discharge permit application and prepare permit 
format required applications 

12-3-12 SD DENR Followed up with SD DENR needs a notarized Prepare statement 

Ashley Brakke DENR with the submitted statement from the applicant for SD Camp 
air permit applications for saying these were the generators Contractor(s) to 
the contractor camps [for that would be used for emergency sign, notarize and 
emergency generators]. electric power. Ms. Brakke was send to the DENR 

about Yz way through with the Air Quality 
applications and none yet required representative 
the permit. when they are on 

board. 

12-5-12 SD DENR Followed up with SD DENR stated that they were OK Prepare statement 

Ashley Brakke DENR with the submitted with the notarized letter not being for SD Camp 
air permit applications for submitted until the camp contractor Contractor(s) to 
the contractor camps [for had been identified and on board. sign, notarize and 
emergency generators]. send to the DENR 

Air Quality 
representative 
when they are on 
board. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

Date of Agency I Purpose of 
Contact Individual Consultation 
4-10-13 SD DENR Confirm/discuss whether 

Al Spangler there would be any 
issues associated with 
hydrotest water obtained 
in SD being used to test 
pipe in Nebraska as long 
as the water was pushed 
back and released in SD 
near the location where 
the water was withdrawn. 

4-15-13 SDGFP Discuss the potential for 
Paul Coughlin water withdrawal from 

Lake Gardner, which is a 
SD Game Protection 
Area. 

5-7-13 SD DENR Discuss the feasibility of 

Genny McMat, the Keystone utilizing 
Marc Rush Lake Gardner as a 

source for hydrostatic test 

SDGFP 
water and dust control 
water 

Leslie Murphy, 
Gene Galinat, John 
Lott 

5-9-13 SDGFP Emailed a pdf map of the 
Leslie Murphy proposed water 

withdrawal location for 
Lake Gardner 

11-14-13 SD DENR Discuss the renewal 

William Marcouiller process for the temporary 
discharge permit that had 
been issued to Keystone 
in April 2013. 

04-03-14 SD Natural Heritage Request for most recent 
Program observation records for 

Casey Heimerl northern long -eared bat 

04-16-14 SD Natural Heritage Request for most recent 
Program observation records for 
Casey Heimerl northern long -eared bat 

Keystone XL Pipeline Project- June 30, 2014 

TransCanada 
In business to deliver 

Follow-up 
Results of Consultation Required 

Al Spangler confirmed that he did Keystone will 
not see any issue with this follow up with SD 
approach. He would double-check DENR on the 
with the water people and confirm. feasibility of using 

SD test water in 
NE. 

SD GFP was receptive to the Keystone will 
potential water withdrawal from prepare a formal 
Lake Gardner. SD GFP requested written request for 
a formal written request. the withdrawal of 

water from Lake 
Gardner 

SDGFP conditionally approved of Follow-up with 
the water withdrawal from Lake SDGFP on their 
Gardner as long as there was progress 
adequate water present. SD GFP developing a list of 
also stated that they would have to conditions that 
determine of there would be any would permit the 
other conditions that would need to use of water from 
be met to allow for the water Lake Gardner for 
withdrawal. the proposed use 

[no further 
conditions were 
proposed] 

Work with SD GFP 
to fund restoration 
or conservation 
project in 
exchange for water 
use. 

Provided the map following May 7, None 
2013 meeting 

SD DENR confirmed that the Keystone would 
permit was good through need to renew the 
December31, 2015. permit if discharge 

activities would 
occur after 
December 2015. 

Being processed No 

Received via email: tabular and No 
GIS (shapefiles) of the observation 
records of the northern long-eared 
bat for the counties that the Project 
crosses. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

Date of Agency I Purpose of 
Contact Individual Consultation 

05-28-14 SD Natural Heritage Voluntary Informal 
Program Conference with US Fish 

Casey Heimerl and Wildlife Service to 
discuss the potential 

SD Game, Fish and 
impacts to northern long-
eared bat and red knot 

Parks resulting from the Project. 
Tom Kirschenmann Both species are 

proposed for listing under 
the Endangered Species 
Act. 
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.. 

Follow-up 
Results of Consultation Required 

Keystone to revise habitat Keystone will 
assessment report for the northern submit a revised 
long-eared bat and red knot based report to USFWS 
on the comments and guidance 
provided during the meeting. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

APPENDIX B 

TransCanada 
In business to deliver 

Table 2: Status of Implementation of South Dakota PUC Conditions 

STATUS OF OTHER MEASURES 
NO. CONDITION REQUIRED BY CONDITIONS 

1 Keystone shall comply with all applicable laws and regulations in its Construction of the project has not been 
construction and operation of the Project. These laws and initiated. Keystone will comply with all 
regulations include, but are not necessarily limited to: the federal applicable laws and regulations during 
Hazardous Liquid Pipeline Safety Act of 1979 and Pipeline Safety construction and operation of the Project. 
Improvement Act of 2002, as amended by the Pipeline Inspection, 
Protection, Enforcement, and Safety Act of 2006, and the various 
other pipeline safety statutes currently codified at 49 U .S.C. § 601 
01 et seq. (collectively, the "PSA"); the regulations of the United 
States Department of Transportation implementing the PSA, 
particularly 49 C.F.R Parts 194 and 195; temporary permits for use 
of public water for construction, testing or drilling purposes, SDCL 
46-5-40.1 and ARSD 7 4:02:01 :32 through 7 4:02:01 :34.02 and 
temporary discharges to waters of the state, SDCL 34A-2-36 and 
ARSD Chapters 74:52:01 through 74:52:11, specifically, ARSD § 
74:52:02:46 and the General Permit issued thereunder covering 
temporary discharges of water from construction dewatering and 
hydrostatic testing. 

2 Keystone shall obtain and shall thereafter comply with all applicable Construction of the project has not been 
federal, state and local permits, including but not limited to: initiated. Keystone is in the process of 
Presidential Permit from the United States Department of State, obtaining all applicable permits from 
Executive Order 11423 of August 16, 1968 (33 Fed. Reg. 117 41) Federal, State and Local entities. Upon 
and Executive 'Order 13337 of April 30, 2004 (69 Fed. Reg. 25229), commencement of construction Keystone 
for the construction, connection, operation, or maintenance, at the will follow all applicable laws and conditions 
border of the United States, of facilities for the exportation or related to these permits. 
importation of petroleum, petroleum products, coal, or other fuels to 
or from a foreign country; Clean Water Act § 404 and Rivers and 
Harbors Act Section 10 Permits; Special Permit if issued by the 
Pipeline and Hazardous Materials Safety Administration; Temporary 
Water Use Permit, General Permit for Temporary Discharges and 
federal, state and local highway and road encroachment permits. 
Any of such permits not previously filed with the Commission shall 
be filed with the Commission upon their issuance. To the extent that 
any condition, requirement or standard of the Presidential Permit, 
including the Final EIS Recommendations, or any other law, 
regulation or permit applicable to the portion of the pipeline in this 
state differs from the requirements of these Conditions, the more 
stringent shall apply. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

3 Keystone shall comply with and implement the Recommendations 
set forth in the Final Environmental Impact Statement when issued 
by the United States Department of State pursuant to its Amended 
Department of State Notice of Intent To Prepare an Environmental 
Impact Statement and To Conduct Scoping Meetings and Notice of 
Floodplain and Wetland Involvement and To Initiate Consultation 
Under Section 106 of the National Historic Preservation Act for the 
Proposed TransCanada Keystone XL Pipeline; Notice of Intent--
Rescheduled Public Scoping Meetings in South Dakota and 
extension of comment period (FR vol. 74, no. 54, Mar. 23, 2009). 
The Amended Notice and other Department of State and Project 
Documents are available on-line at: 

httQ://www.key:stoneQiQeline-
xl.state.gov/clientsite/key:stonexl.nsf?OQen. 

4 The permit granted by this Order shall not be transferable without 
the approval of the Commission pursuant to SDCL 49-418-29. 

5 Keystone shall undertake and complete all of the actions that it and 
its affiliated entities committed to undertake and complete in its 
Application as amended, in its testimony and exhibits received in 
evidence at the hearing, and in its responses to data requests 
received in evidence at the hearing. 

6.a The most recent and accurate depiction of the Project route and 
facility locations is found on the maps in Exhibit TC-14. The 
Application indicates in Section 4.2.3 that Keystone will continue to 
develop route adjustments throughout the pre-construction design 
phase. These route adjustments will accommodate environmental 
features identified during surveys, property-specific issues, and civil 
survey information. The Application states that Keystone will file 
new aerial route maps that incorporate any such route adjustments 
prior to construction. Ex TC-1.4.2.3, p. 27. 

6.b Keystone shall notify the Commission and all affected landowners, 
utilities and local governmental units as soon as practicable if 
material deviations are proposed to the route. 

6.c Keystone shall notify affected landowners of any change in the 
route on their land. 

6.d At such time as Keystone has finalized the pre-construction route, 
Keystone shall file maps with the Commission depicting the final 
preconstruction route 

Keystone XL Pipeline Project- June 30, 2014 

TransCanada 
In business to deliver 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

The Department of State re-initiated its 
NEPA review upon receipt of Keystone's 
May 4, 2012 application for a Presidential 
Permit. The Department is in the process of 
preparing a Supplement to the August 2011 
Final Environmental Impact Statement for 
the project. Construction of the project has 
not been initiated. Keystone will comply 
with and implement the Recommendations 
set forth in the Final Environmental Impact 
Statement, and the Supplemental 
Environmental Impact Statement, as 
reflected in the Record of Decision, when 
issued by the Department of State. 

N/A at this time. 

Construction of the project has not been 
initiated. When construction is initiated, 
Keystone will undertake the actions 
committed to during the SDPUC hearings. 

Keystone will file new aerial route maps 
reflecting route adjustments prior to 
construction. 

Keystone will continue to work with all 
landowners, utilities, local government and 
other affected parties as the final route is 
being developed and will notify the 
Commission and all affected parties of any 
material deviations to the proposed route. 

This is a continuing occurrence during 
engineering review. Keystone will continue 
to notify landowners of route changes on 
their land as well as inform them of 
associated activities, such as civil and 
environmental surveys. 

Construction of the project has not been 
initiated. Keystone will finalize the route and 
submit to the Commission new maps 
depicting the final preconstruction route prior 
to construction. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 

· South Dakota Public Utilities Commission 

NO. CONDITION 

6.e If material deviations are proposed from the route depicted on 
Exhibit TC-14 and accordingly approved by this Order, Keystone 
shall advise the Commission and all affected landowners, utilities 
and local governmental units prior to implementing such changes 
and afford the Commission the opportunity to review and approve 
such modifications. 

6.f At the conclusion of construction, Keystone shall file detail maps 
with the Commission depicting the final as-built location of the 
Project facilities. 

7 Keystone shall provide a public liaison officer, approved by the 
Commission, to facilitate the exchange of information between 
Keystone, including its contractors, and landowners, local 
communities and residents and to promptly resolve complaints and 
problems that may develop for landowners, local communities and 
residents as a result of the Project. Keystone shall file with the 
Commission its proposed public liaison officer's credentials for 
approval by the Commission prior to the commencement of 
construction. After the public liaison officer has been approved by 
the Commission, the public liaison officer may not be removed by 
Keystone without the approval of the Commission. The public 
liaison officer shall be afforded immediate access to Keystone's on-
site project manager, its executive project manager and to 
contractors' on-site managers and shall be available at all times to 
the Staff via mobile phone to respond to complaints and concerns 
communicated to the Staff by concerned landowners and others. 
Keystone shall also implement and keep an up-dated web site 
covering the planning and implementation of construction and 
commencement of operations in this state as an informational 
medium for the public. As soon as the Keystone's public liaison 
officer has been appointed and approved, Keystone shall provide 
contact information for him/her to all landowners crossed by the 
Project and to law enforcement agencies and local governments in 
the vicinity of the Project. The public liaison officer's contact 
information shall be provided to landowners in each subsequent 
written communication with them. If the Commission determines 
that the public liaison officer has not been adequately performing 
the duties set forth for the position in this Order, the Commission 
may, upon notice to Keystone and the public liaison officer, take 
action to remove the public liaison officer. 
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TransCanada 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone has advised the Commission of all 
material route changes to date and has 
afforded the commission the opportunity to 
review and approve such modifications. 

Keystone will submit final route maps to the 
Commission at the conclusion of 
construction. 

The Commission has approved Sarah 
Metcalf as the public liaison officer for the 
Keystone XL project. The liaison can be 
reached at: 

Mailing Address: 

South Dakota Pipeline Liaison Officer 

PO Box491 
Aberdeen, South Dakota 57402 
Phone: (888) 375-1370 

Email: smetcalf12@gmail.com 

Contact information for the South Dakota 
liaison was sent out in December 2010 to 
landowners. Notification to law enforcement 
agencies and local governments in the 
vicinity of the Project was completed in 1st 
quarter 2011 in conjunction with notice 
required by other conditions for these 
groups. The liaison continues to contact 
affected counties, townships and other 
groups as the permit process takes place. 

The TransCanada Keystone Pipeline 
website at: 

htt~://www.transcanada.com/ke:i 
stone.html 
provides general information about planning 
for construction of the project. When 
construction commences, more detailed 
construction information will be posted. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

8 Until construction of the Project, including reclamation, is 
completed, Keystone shall submit quarterly progress reports to the 
Commission that summarize the status of land acquisition and route 
finalization, the status of construction, the status of environmental 
control activities, including permitting status and Emergency 
Response Plan and Integrity Management Plan development, the 
implementation of the other measures required by these conditions, 
and the overall percent of physical completion of the project and 
design changes of a substantive nature. Each report shall include a 
summary of consultations with the South Dakota Department of 
Environment and Natural Resources and other agencies concerning 
the issuance of permits. The reports shall list dates, names, and the 
results of each contact and the company's progress in 
implementing prescribed construction, land restoration, 
environmental protection, emergency response and integrity 
management regulations, plans and standards. The first report shall 
be due for the period ending June 30, 2010. The reports shall be 
filed within 31 days after the end of each quarterly period and shall 
continue until the project is fully operational. 

9 Until one year following completion of construction of the Project, 
including reclamation, Keystone's public liaison officer shall report 
quarterly to the Commission on the status of the Project from 
his/her independent vantage point. The report shall detail problems 
encountered and complaints received. For the period of three years 
following completion of construction, Keystone's public liaison 
officer shall report to the Commission annually regarding post-
construction landowner and other complaints, the status of road 
repair and reconstruction and land and crop restoration and any 
problems or issues occurring during the course of the year 

10 Not later than six months prior to commencement of construction, 
Keystone shall commence a program of contacts with state, county 
and municipal emergency response, law enforcement and highway, 
road and other infrastructure management agencies serving the 
Project area in order to educate such agencies concerning the 
planned construction schedule and the measures that such 
agencies should begin taking to prepare for construction impacts 
and the commencement of project operations. 

11 Keystone shall conduct a preconstruction conference prior to the 
commencement of construction to ensure that Keystone fully 
understands the conditions set forth in this order. At a minimum, the 
conference shall include a Keystone representative, Keystone's 
construction supervisor and Staff. 

12 Once known, Keystone shall inform the Commission of the date 
construction will commence, report to the Commission on the date 
construction is started and keep the Commission updated on 
construction activities as provided in Condition 8. 

13 Except as otherwise provided in the conditions of this Order and 
Permit, Keystone shall comply with all mitigation measures set forth 
in the Construction Mitigation and Reclamation Plan (CMR Plan) 
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TransCanada 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will continue to submit quarterly 
reports until the construction and 
reclamation of the Keystone XL pipeline is 
complete and the pipeline is operational. 

The public liaison officer will comply with this 
condition and is currently available to 
affected landowners and parties in the 
State. Quarterly reporting will begin with 
active construction activities. 

Keystone has commenced and will continue 
a program of contacts to inform and 
coordinate with county and municipal 
emergency response, law enforcement and 
highway, road and other infrastructure 
management agencies regarding planned 
construction and eventual operation of the 
Keystone XL Pipeline. 

Prior to the start of construction a Keystone 
representative, the Keystone construction 
supervisor, and staff will arrange a 
preconstruction conference with the 
Commission to ensure a full understanding 
of the conditions set forth in this order. 

Keystone will inform the Commission 
accordingly during the preconstruction 
conference. 

Construction of the project has not been 
initiated. Keystone will comply with the 
requirements set forth in the CMR Plan 
d_uring construction. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

13.a If modifications to the CMR Plan are made by Keystone as it refines 
its construction plans or are required by the Department of State in 
its Final EIS Record of Decision or the Presidential Permit, the CMR 
Plan as so modified shall be filed with the Commission and shall be 
complied with by Keystone. 

14 Keystone shall incorporate environmental inspectors into its CMR 
Plan and obtain follow-up information reports from such inspections 
upon the completion of each construction spread to help ensure 
compliance with this Order and Permit and all other applicable 
permits, laws, and rules 

15 Prior to construction, Keystone shall, in consultation with area 
NRCS staff, develop specific construction/reclamation units 
(Con/Rec Units) that are applicable to particular soil and subsoil 
classifications, land uses and environmental settings. The Con/Rec 
Units shall contain information of the sort described in response to 
Staff Data Request 3-25 found in Exhibit TC-16. 

15.a In the development of the Con/Rec Units in areas where NRCS 
recommends, Keystone shall conduct analytical soil probing and/or 
soil boring and analysis in areas of particularly sensitive soils where 
reclamation potential is low. Records regarding this process shall 
be available to the Commission and to the specific land owner 
affected by such soils upon request 

15.b Through development of the Con/Rec Units and consultation with 
NRCS, Keystone shall identify soils for which alternative handling 
methods are recommended. 

15.b.1 Keystone shall thoroughly inform the landowner regarding the 
options applicable to their property, including their respective 
benefits and negatives, and implement whatever reasonable option 
for soil handling is selected by the landowner. Records regarding 
this process shall be available to the Commission upon request. 

15.c Keystone shall, in consultation with NCRS, ensure that its 
construction planning and execution process, including Con/Rec 
Units, CMR Plan and its other construction documents and planning 
shall adequately identify and plan for areas susceptible to erosion, 
areas where sand dunes are present, areas with high 
concentrations of sodium bentonite, areas with sodic, saline and 
sodic-saline soils and any other areas with low reclamation potential 

15.d The Con/Rec Units shall be available upon request to the 
Commission and affected landowners. Con/Rec Units may be 
evaluated by the Commission upon complaint or otherwise, 
regarding whether proper soil handling, damage mitigation or 
reclamation procedures are being followed. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will submit any modifications to 
the CMR Plan to the Commission and 
comply with any modifications to the CMR 
Plan. 

Construction of the project has not been 
initiated. Keystone will utilize environmental 
inspectors and comply with this condition 
during the construction of the project. 

Keystone has completed the consultation 
with NRCS and has received the 
concurrence of the NRCS for Con/Rec Units 
to be utilized in South Dakota. Keystone will 
consult further with the NRCS should 
alterations to the Con/Rec Units be required. 

Keystone has completed analytical soil 
probing and/or soil boring and analysis in 
areas of particularly sensitive soils where 
reclamation potential is low. Records 
regarding the process are available to the 
Commission and to the specific land owner 
affected by such soil upon request. 

Keystone has completed the analytical soil 
probing and/or boring in areas of sensitive 
soils following the NRCS recommendations. 

This is discussed with the landowners and 
itemized in the "Binding Agreement". These 
agreements are available to the 
Commission upon request. 

Keystone's construction planning and 
execution process consisted of consultation 
with the NRCS for identified areas 
susceptible to erosion, areas where sand 
dunes are present, areas with high 
concentration of sodium bentonite, areas 
with sodic, saline and sodic-saline soils and 
any other areas with low reclamation 
potential. The identified areas were 
addressed in the CON/REC Units, CMR 
Plan, and will be listed on construction 
alignment sheets. 

Con/Rec Units will be available upon 
request to the Commission and affected 
landowners. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

15.e Areas of specific concern or of low reclamation potential shall be 
recorded in a separate database. Action taken at such locations 
and the results thereof shall also be recorded and made available to 
the Commission and the affected property owner upon request. 

16 Keystone shall provide each landowner with an explanation 
regarding trenching and topsoil and subsoil/rock removal, 
segregation and restoration method options for his/her property 
consistent with the applicable Con/Rec Unit and shall follow the 
landowner's selected preference as documented on its written 
construction agreement with the landowner, as modified by any 
subsequent amendments, or by other written agreement(s). 

16.a Keystone shall separate and segregate topsoil from subsoil in 
agricultural areas, including grasslands and shelter belts, as 
provided in the CMR Plan and the applicable Con/Rec Unit. 

16.b Keystone shall repair any damage to property that results from 
construction activities 

16.c Keystone shall restore all areas disturbed by construction to their 
preconstruction condition, including their original preconstruction 
topsoil, vegetation, elevation, and contour, or as close thereto as is 
feasible, except as is otherwise agreed to by the landowner. 

16.d Except where practicably infeasible, final grading and topsoil 
replacement and installation of permanent erosion control 
structures shall be completed in non-residential areas within 20 
days after backfilling the trench. 

16.d.1 In the event that seasonal or other weather conditions, extenuating 
circumstances, or unforeseen developments beyond Keystone's 
control prevent compliance with this time frame, temporary erosion 
controls shall be maintained until conditions allow completion of 
cleanup and reclamation. 

16.d.2 In the event Keystone cannot comply with the 20-day time frame as 
provided in this Condition, it shall give notice of such fact to all 
affected landowners, and such notice shall include an estimate of 
when such restoration is expected to be completed. 

16.e Keystone shall draft specific crop monitoring protocols for 
agricultural lands. 

Keystone XL Pipeline Project- June 30, 2014 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Areas of specific concern or of low 
reclamation potential will be recorded in a 
separate database. Action taken at such 
locations and the results thereof will be 
recorded and made available to the 
Commission and the affected property 
owner upon request. 

This is discussed with the landowners and 
itemized in the "Binding Agreement". 

Keystone will separate and segregate 
topsoil from subsoil in agricultural areas, 
including grasslands and shelter belts, as 
provided in the CMR Plan and the 
applicable Con/Rec Unit. 

Keystone will address this during or 
following construction activities. 

Keystone will address this during or 
following construction activities and will 
restore disturbed areas as close as feasible 
to their preconstruction conditions or as 
otherwise agreed to by the landowner. 

Keystone will address this during 
construction. 

Keystone will address this during 
construction. 

Keystone will address this during 
construction. 

Keystone is in the process of developing 
specific crop monitoring protocols for 
agricultural lands. These protocols will be 
finalized prior to the start of construction and 
implemented following construction. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

16.e.1 If requested by the landowner, Keystone shall provide an 
independent crop monitor to conduct yield testing and/or such other 
measurements of productivity as he shall deem appropriate. The 
independent monitor shall be a qualified agronomist, rangeland 
specialist or otherwise qualified with respect to the species to be 
restored. The protocols shall be available to the Commission upon 
request and may be evaluated for adequacy in response to a 
complaint or otherwise. 

16.f Keystone shall work closely with landowners or land management 
agencies to determine a plan to control noxious weeds. Landowner 
permission shall be obtained before the application of herbicides. 

16.g Keystone's adverse weather plan shall apply to improved hay land 
and pasture lands in addition to crop lands. 

16.h The size, density and distribution of rock within the construction 
right-of-way following reclamation shall be similar to adjacent 
undisturbed areas. 

16.h.1 Keystone shall treat rock that cannot be backfilled within or below 
the level of the natural rock profile as construction debris and 
remove it for disposal offsite except when the landowner agrees to 
the placement of the rock on his property. In such case, the rock 
shall be placed in accordance with the landowner's directions. 

16.i Keystone shall utilize the proposed trench line for its pipe stringing 
trucks where conditions allow and shall employ adequate measures 
to de-compact subsoil as provided in its CMR Plan. Topsoil shall be 
de-compacted if requested by the landowner. 

16.i.1 Topsoil shall be de-compacted if requested by the landowner. 

16.j Keystone shall monitor and take appropriate mitigative actions as 
necessary to address salinity issues when dewatering the trench, 
and field conductivity and/or other appropriate constituent analyses 
shall be performed prior to disposal of trench water in areas where 
salinity may be expected. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

If requested by the landowner, Keystone will 
provide an independent crop monitor and 
develop appropriate protocols, which will be 
available to the Commission upon request 

Keystone has prepared a noxious weed 
control plan and provided a draft to the 
County Weed Boards for review and 
approval. 

Keystone is in the process of developing an 
adverse weather plan and will include both 
improved hay lands and pasture lands in 
addition to crop lands. 

Keystone will require the Contractor to 
remove excess rocks so that the size 
density and distribution of rock within the 
construction right-of-way is similar to the 
adjacent undisturbed areas. 

Keystone will require the Contractor to treat 
rock that cannot be backfilled within or 
below the level of the natural rock profile as 
construction debris and remove it for 
disposal offsite except when the landowner 
agrees to the placement of the rock on his 
property. In such case, the rock shall be 
placed in accordance with the landowner's 
directions and all Federal and State permits. 

Keystone will utilize the trench line for its 
pipe stringing trucks when site conditions 
allow and will employ adequate measures to 
de-compact subsoil as provided in its CMR 
Plan and in the specified CON/REC unit. 

Keystone will employ adequate measures to 
de-compact subsoil as provided in its CMR 
Plan and in the specified CON/REC unit, 
and will de-compact topsoil if requested by 
the landowner. 

Keystone will monitor and take appropriate 
actions as necessary to address salinity 
issues when dewatering the trench. Field 
conductivity and/or other appropriate 
constituent analyses will be performed prior 
to disposal of trench water in areas where 
salinity is expected. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

16.j.1 Keystone shall notify landowners prior to any discharge of saline 
water on their lands or of any spills of hazardous materials on their 
lands of one pint or more or of any lesser volume which is required 
by any federal, state, or local law or regulation or product license or 
label to be reported to a state or federal agency, manufacturer, or 
manufacturer's representative. 

16.k Keystone shall install trench and slope breakers where necessary in 
accordance with the CMR Plan as augmented by Staffs 
recommendations in Post Hearing Commission Staff Brief, pp. 26-
27 

16.I Keystone shall apply mulch when reasonably requested by 
landowners and also wherever necessary following seeding to 
stabilize the soil surface and to reduce wind and water erosion. 
Keystone shall follow the other recommendations regarding mulch 
application in Post Hearing Commission Staff Brief, p. 27. 

16.m Keystone shall reseed all lands with comparable crops to be 
approved by landowner in landowner's reasonable discretion, or in 
pasture, hay or native species areas with comparable grass or 
forage crop seed or native species mix to be approved by 
landowner in landowner's reasonable discretion. 

16.m.1 Keystone shall actively monitor revegetation of all disturbed areas 
for at least two years. 

16.n Keystone shall coordinate with landowners regarding his/her 
desires to properly protect cattle, shall implement such protective 
measures as are reasonably requested by the landowner and shall 
adequately compensate the landowner for any loss. 

16.o Prior to commencing construction, Keystone shall file with the 
Commission a confidential list of property owners crossed by the 
pipeline and update this list if route changes during construction 
result in property owner changes 

16.p Except in areas where fire suppression resources as provided in 
CMR Plan 2.16 are in close proximity, to minimize fire risk, 
Keystone shall, and shall cause its contractor to, equip each of its 
vehicles used in pre-construction or construction activities, including 
off-road vehicles, with a hand held fire extinguisher, portable 
compact shovel and communication device such as a cell phone, in 
areas with coverage, or a radio capable of achieving prompt 
communication with Keystone's fire suppression resources and 
emergency services. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will notify landowners prior to any 
discharge of saline water on private lands or 
of any spills of hazardous materials on 
private lands of one pint or more or of any 
lesser volume which is required by any 
federal, state, or local law or regulation or 
product license or label to be reported. 

Keystone will install trench and slope 
breakers where necessary in accordance 
with the CMR Plan and SDPUC 
recommendations. 

Keystone will apply mulch in accordance 
with the CMR Plan and the specific 
CON/REC units to stabilize the soil surface 
and to reduce wind and water erosion. 
Keystone will apply mulch at the landowners 
request when the request is reasonable and 
in accordance with site reclamation 
requirements. Keystone will follow the other 
recommendations regarding mulch 
application in Post Hearing Commission 
Staff Brief, p. 27. 

Keystone has developed seed mixtures in 
consultation with the NRCS. 

Keystone will monitor revegetation on all 
disturbed areas for at least two years. 

Keystone will coordinate with landowners 
and implement reasonably requested 
protective measures during construction and 
adequately compensate landowners for any 
loss. 

Prior to commencing construction, Keystone 
will submit to the Commission a confidential 
list of property owners crossed by the 
pipeline and will update this list if route 
changes result in property owner changes 
during construction. 

Keystone will address compliance with this 
condition with Contractor prior to the 
commencement of construction on the right-
of-way. Each vehicle that is subject to this 
condition will be equipped with fire 
extinguisher, portable compact shovel, and 
proper communications devices. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

17 Keystone shall cover open-bodied dump trucks carrying sand or soil 
while on paved roads and cover open-bodied dump trucks carrying 
gravel or other materials having the potential to be expelled onto 
other vehicles or persons while on all public roads. 

18 Keystone shall use its best efforts to not locate fuel storage facilities 
within 200 feet of private wells and 400 feet of municipal wells and 
shall minimize and exercise vigilance in refueling activities in areas 
within 200 feet of private wells and 400 feet of municipal wells. 

19 If trees are to be removed that have commercial or other value to 
affected landowners, Keystone shall compensate the landowner for 
the fair market value of the trees to be cleared and/or allow the 
landowner the right to retain ownership of the felled trees. 

19.a Except as the landowner shall otherwise agree in writing, the width 
of the clear cuts through any windbreaks and shelterbelts shall be 
limited to 50 feet or less, and the width of clear cuts through 
extended lengths of wooded areas shall be limited to 85 feet or 
less. The environmental inspection in Condition 14 shall include 
forested lands. 

20. Keystone shall implement the following sediment control practices: 
a) Keystone shall use floating sediment curtains to maintain 
sediments within the construction right of way in open water bodies 
with no or low flow when the depth of non-flowing water exceeds 
the height of straw bales or silt fence installation. In such situations 
the floating sediment curtains shall be installed as a substitute for 
straw bales or silt fence along the edge or edges of each side of the 
construction right-of-way that is underwater at a depth greater than 
the top of a straw bale or silt fence as portrayed in Keystone's 
construction Detail #11 included in the CMR Plan. 
b) Keystone shall install sediment barriers in the vicinity of 
delineated wetlands and water bodies as outlined in the CMR Plan 
regardless of the presence of flowing or standing water at the time 
of construction. 
c) The Applicant should consult with South Dakota Game, Fish and 
Parks (SDGFP) to avoid construction near water bodies during fish 
spawning periods in which in-stream construction activities should 
be avoided to limit impacts on specific fisheries, if any, with 
commercial or recreational importance. 

21 Keystone shall develop frac-out plans specific to areas in South 
Dakota where horizontal directional drilling will occur. The plan shall 
be followed in the event of a frac-out. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will address this with the 
Contractor. Contractor vehicles carrying 
sand, soil, or gravel while traveling on paved 
public roads shall be covered to avoid the 
potential of expelling the material onto other 
vehicles or persons. 

Keystone will address this in the pre-
construction planning. Fuel storage tanks 
and refueling activities shall follow the 
requirements set forth in the CMRP and 
Spill Prevention and Containment Plan. 

Keystone will comply with this condition 
during the easement acquisition process. 

Keystone will comply with this condition prior 
to or during construction. 

Keystone will comply with parts (a) and (b) 
of this condition during construction. 
Keystone will consult with SDGFP regarding 
spawning periods. The current construction 
schedule will avoid impacts to streams 
during the spawning season. 

Keystone has developed a draft frac-out 
plan and HDD plan in South Dakota. The 
plan will be finalized with the input from the 
Contractor. The plan will be followed in the 
event of a frac-out. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

21.a If a frac-out event occurs, Keystone shall promptly file a report of 
the incident with the Commission. Keystone shall also, after 
execution of the plan, provide a follow-up report to the Commission 
regarding the results of the occurrence and any lingering concerns. 

22. Keystone shall comply with the following conditions regarding 
construction across or near wetlands, water bodies and riparian 
areas: 

a) Unless a wetland is actively cultivated or rotated cropland or 
unless site specific conditions require utilization of Keystone's 
proposed 85 foot width and the landowner has agreed to such 
greater width, the width of the construction right-of-way shall be 
limited to 75 feet in non-cultivated wetlands unless a different width 
is approved or required by the United States Army Corps of 
Engineers. 

b) Unless a wetland is actively cultivated or rotated cropland, extra 
work areas shall be located at least 50 feet away from wetland 
boundaries except where site-specific conditions render a 50-foot 
setback infeasible. Extra work areas near water bodies shall be 
located at least 50 feet from the water's edge, except where the 
adjacent upland consists of actively cultivated or rotated cropland or 
other disturbed land or where site-specific conditions render a 50-
foot setback infeasible. Clearing of vegetation between extra work 
space areas and the water's edge shall be limited to the 
construction right-of-way. 

c) Water body crossing spoil, including upland spoil from crossings 
of streams up to 30 feet in width, shall be stored in the construction 
right of way at least 10 feet from the water's edge or in additional 
extra work areas and only on a temporary basis. 

d) Temporary in-stream spoil storage in streams greater than 30 
feet in width shall only be conducted in conformity with any required 
federal permit(s) and any applicable federal or state statutes, rules 
and standards. 

e) Wetland and water body boundaries and buffers shall be marked 
and maintained until ground disturbing activities are complete. 
Keystone shall maintain 15-foot buffers where practicable, which for 
stream crossings shall be maintained except during the period of 
trenching, pipe laying and backfilling the crossing point. Buffers 
shall not be required in the case of non-flowing streams. 

f) Best management practices shall be implemented to prevent 
heavily silt-laden trench water from reaching any wetland or water 
body directly or indirectly. 
g) Erosion control fabric shall be used on water body banks 
immediately following final stream bank restoration unless riprap or 
other bank stabilization methods are utilized in accordance with 
federal or state permits. 

h) The use of timber and slash to support equipment crossings of 
wetlands shall be avoided. 

Keystone XL Pipeline Project- June 30, 2014 

TransCanada 
In business to deliver 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will comply with this section in the 
event of a frac-out. 

Keystone will comply with all ROW widths, 
setbacks, and BMPS as detailed by the 
Commission. Keystone is identifying the 
appropriate locations for these conditions at 
or near wetlands, water bodies and riparian 
areas during the pre-construction process 
and will identify the ROW widths and 
setbacks on the construction drawings. 
BMPs will be installed as detailed in the 
CMRP. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota· Public Utilities Commission· 

NO. CONDITION 

i) Subject to Conditions 37 and 38, vegetation restoration and 
maintenance adjacent to water bodies shall be conducted in such 
manner to allow a riparian strip at least 25 feet wide as measured 
from the water body's mean high water mark to permanently re-
vegetate with native plant species across the entire construction 
right-of way. 

23. Keystone shall comply with the following conditions regarding road 
protection and bonding: 

a. Keystone shall coordinate road closures with state and local 
governments and emergency responders and shall acquire all 
necessary permits authorizing crossing and construction use of 
county and township roads. 

b) Keystone shall implement a regular program of road 
maintenance and repair through the active construction period to 
keep paved and gravel roads in an acceptable condition for 
residents and the general public. 
c) Prior to their use for construction, Keystone shall videotape those 
portions of all roads which will be utilized by construction equipment 
or transport vehicles in order to document the pre-construction 
condition of such roads. 
d) After construction, Keystone shall repair and restore, or 
compensate governmental entities for the repair and restoration of, 
any deterioration caused by construction traffic, such that the roads 
are returned to at least their preconstruction condition. 
e) Keystone shall use appropriate preventative measures as 
needed to prevent damage to paved roads and to remove excess 
soil or mud from such roadways. 
f) Pursuant to SDCL 49-418-38, Keystone shall obtain and file for 
approval by the Commission prior to construction in such year a 
bond in the amount of $15.6 million for the year in which 
construction is to commence and a second bond in the amount of 
$15.6 million for the ensuing year, including any additional period 
until construction and repair has been completed, to ensure that 
any damage beyond normal wear to public roads, highways, 
bridges or other related facilities will be adequately restored or 
compensated. Such bonds shall be issued in favor of, and for the 
benefit of, all such townships, counties, and other governmental 
entities whose property is crossed by the Project. Each bond shall 
remain in effect until released by the Commission, which release 
shall not be unreasonably denied following completion of the 
construction and repair period. Either at the contact meetings 
required by Condition 10 or by mail, Keystone shall give notice of 
the existence and amount of these bonds to all counties, townships 
and other governmental entities whose property is crossed by the 
Project. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

During the pre-construction planning period 
Keystone will develop and implement 
videotaping of road conditions prior to 
construction activities. Keystone, 
Contractor, and County Representatives will 
be present for evaluation and determination 
of road conditions. 

Keystone will notify state and local 
governments and emergency responders to 
coordinate and implement road closures. All 
necessary permits authorizing crossing and 
construction use of county and township 
roads will be obtained. 

Keystone will file the necessary bond prior 
to construction. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

24 Although no residential property is expected to be encountered in 
connection with the Project, in the event that such properties are 
affected and due to the nature of residential property, Keystone 
shall implement the following protections in addition to those set 
forth in its CMR Plan in areas where the Project passes within 500 
feet of a residence: 

a) To the extent feasible, Keystone shall coordinate construction 
work schedules with affected residential landowners prior to the 
start of construction in the area of the residences. 

b) Keystone shall maintain access to all residences at all times, 
except for periods when it is infeasible to do so or except as 
otherwise agreed between Keystone and the occupant. Such 
periods shall be restricted to the minimum duration possible and 
shall be coordinated with affected residential landowners and 
occupants, to the extent possible. 

c) Keystone shall install temporary safety fencing, when reasonably 
requested by the landowner or occupant, to control access and 
minimize hazards associated with an open trench and heavy 
equipment in a residential area. 

d) Keystone shall notify affected residents in advance of any 
scheduled disruption of utilities and limit the duration of such 
disruption. 

e) Keystone shall repair any damage to property that results from 
construction activities. 
f) Keystone shall separate topsoil from subsoil and restore all areas 
disturbed by construction to at least their preconstruction condition. 

g) Except where practicably infeasible, final grading and topsoil 
replacement, installation of permanent erosion control structures 
and repair of fencing and other structures shall be completed in 
residential areas within 10 days after backfilling the trench. In the 
event that seasonal or other weather conditions, extenuating 
circumstances, or unforeseen developments beyond Keystone's 
control prevent compliance with this time frame, temporary erosion 
controls and appropriate mitigative measures shall be maintained 
until conditions allow completion of cleanup and reclamation. 

25 Construction must be suspended when weather conditions are such 
that construction activities will cause irreparable damage, unless 
adequate protection measures approved by the Commission are 
taken. At least two months prior to the start of construction in South 
Dakota, Keystone shall file with the Commission an adverse 
weather land protection plan containing appropriate adverse 
weather land protection measures, the conditions in which such 
measures may be appropriately used, and conditions in which no 
construction is appropriate, for approval of or modification by the 
Commission prior to the start of construction. The Commission shall 
make such plan available to impacted landowners who may provide 
comment on such plan to the Commission 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

In the event that Keystone constructs within 
500 feet of a residence, it will implement 
these protective measures and those set 
forth in the CMR Plan. 

Keystone is preparing this adverse weather 
land protection plan and will submit it to the 
Commission after the plan has been 
completed but at least 2 months prior to 
start of construction in South Dakota. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

26 Reclamation and clean-up along the right-of-way must be 
continuous and coordinated with ongoing construction. 

27 All pre-existing roads and lanes used during construction must be 
restored to at least their pre-construction condition that will 
accommodate their previous use, and areas used as temporary 
roads during construction must be restored to their original 
condition, except as otherwise requested or agreed to by the 
landowner or any governmental authority having jurisdiction over 
such roadway 

28 Keystone shall, prior to any construction, file with the Commission a 
list identifying private and new access roads that will be used or 
required during construction and file a description of methods used 
by Keystone to reclaim those access roads. 

29 Prior to construction, Keystone shall have in place a winterization 
plan and shall implement the plan if winter conditions prevent 
reclamation completion until spring. The plan shall be provided to 
affected landowners and, upon request, to the Commission. 

30 Numerous Conditions of this Order, including but not limited to 16, 
19, 24, 25, 26, 27 and 51 relate to construction and its effects upon 
affected landowners and their property. The Applicant may 
encounter physical conditions along the route during construction 
which makes compliance with certain of these Conditions infeasible. 
If, after providing a copy of this order, including the Conditions, to 
the landowner, the Applicant and landowner agree in writing to 
modifications of one or more requirements specified in these 
conditions, such as maximum clearances or right-of-way widths, 
Keystone may follow the alternative procedures and specifications 
agreed to between it and the landowner. 

31 Keystone shall construct and operate the pipeline in the manner 
described in the application and at the hearing, including in 
Keystone's exhibits, and in accordance with the conditions of this 
permit, the PHMSA Special Permit, if issued, and the conditions of 
this Order and the construction permit granted herein 

32 Keystone shall require compliance by its shippers with its crude oil 
specifications in order to minimize the potential for internal 
corrosion. 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will implement this requirement 
during construction of the project. 

Keystone is coordinating with county and 
state road authorities during the pre-
construction planning phase. Pre-
construction conditions will be documented 
and pre-existing roads will be restored to 
pre-construction condition following 
construction. Keystone will comply with the 
condition with respect to temporary roads 
after construction. 

The list of private and new access roads 
that are being planned for use on the Project 
is being developed. This list of roads, 
including the reclamation methods that will 
be implemented will be provided to the 
Commission prior to construction. 

Keystone will develop and submit to the 
Commission a winterization plan which 
addresses these factors. 

Keystone will comply with this condition and 
through negotiations with the landowner and 
any such modifications shall be agreed upon 
in writing. 

Note: Through the SDPUC liaison, Keystone 
has validated a typo in this condition with 
John Smith, the SDPUC General Counsel. 
The typo occurs in the first sentence and is 
a reference Condition 51, which does not 
exist. This should actually reference 
Condition 45. 

Keystone will comply with this condition 
during construction and operation of the 
pipeline. Keystone XL has withdrawn its 
application to PHMSA for a Special Permit, 
subject to its right to apply for a Special 
Permit at a later time. 

Keystone will require compliance by its 
shippers with its crude oil tariff 
specifications. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

33 Keystone's obligation for reclamation and maintenance of the right-
of-way shall continue throughout the life of the pipeline. 

33.a In its surveillance and maintenance activities, Keystone shall, and 
shall cause its contractor to, equip each of its vehicles, including off-
road vehicles, with a hand held fire extinguisher, portable compact 
shovel and communication device such as a cell phone, in areas 
with coverage, or a radio capable of achieving prompt 
communication with emergency services. 

34 In accordance with 49 C.F.R. 195, Keystone shall continue to 
evaluate and perform assessment activities regarding high 
consequence areas. 

34.a Prior to Keystone commencing operation, all unusually sensitive 
areas as defined by 49 CFR 195.6 that may exist, whether currently 
marked on DOT's HCA maps or not, should be identified and added 
to the Emergency Response Plan and Integrity Management Plan 

34.b In its continuing assessment and evaluation of environmentally 
sensitive and high consequence areas, Keystone shall seek out and 
consider local knowledge, including the knowledge of the South 
Dakota Geological Survey, the Department of Game Fish and Parks 
and local landowners and governmental officials. 

35 The evidence in the record demonstrates that in some reaches of 
the Project in southern Tripp County, the High Plains Aquifer is 
present at or very near ground surface and is overlain by highly 
permeable sands permitting the uninhibited infiltration of 
contaminants. This aquifer serves as the water source for several 
domestic farm wells near the pipeline as well as public water supply 
system wells located at some distance and upgradient from the 
pipeline route. Keystone shall identify the High Plains Aquifer area 
in southern Tripp County as a hydrologically sensitive area in its 
Integrity Management and Emergency Response Plans. Keystone 
shall similarly treat any other similarly vulnerable and beneficially 
useful surficial aquifers of which it becomes aware during 
construction and continuing route evaluation 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will monitor the right-of-way 
conditions throughout the life of the pipeline. 

Keystone will require all Operators to 
maintain the required equipment in all 
vehicles on the right-of-way during 
surveillance and maintenance activities. 

Keystone will identify and assess high 
consequence areas in accordance with 49 
C.F.R. 195. 

Keystone will identify HCA's as defined at 
49 CFR 195.6 and add them to the 
Emergency Response Plan and Integrity 
Management Plan. 

Keystone has conducted numerous 
consultations with South Dakota state 
agencies, local agencies and landowners 
and essentially concluded the assessment 
and evaluation of environmentally sensitive 
and high consequence areas and has 
concurrence from stakeholders related to 
construction and restoration plans within 
these areas. 

If new or different information on 
environmentally sensitive and high 
consequence areas becomes available, 
Keystone will assess that information. 

Keystone will identify the High Plains Aquifer 
area in southern Tripp County and any other 
similarly vulnerable and beneficially useful 
surficial aquifers as a hydrologically 
sensitive area in its Integrity Management 
and Emergency Response Plans. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public UtilitiesConimissiC>h 

NO. CONDITION 

36 Prior to putting the Keystone Pipeline into operation, Keystone shall 
prepare, file with PHMSA and implement an emergency response 
plan as required under 49 CFR 194 and a manual of written 
procedures for conducting normal operations and maintenance 
activities and handling abnormal operations and emergencies as 
required under 49 CFR 195.402. Keystone shall also prepare and 
implement a written integrity management program in the manner 
and at such time as required under 49 CFR 195.452. At such time 
as Keystone files its Emergency Response Plan and Integrity 
Management Plan with PHMSA or any other state or federal 
agency, it shall also file such documents with the Commission. The 
Commission's confidential filing rules found at ARSD 20: 10:01 :41 
may be invoked by Keystone with respect to such filings to the 
same extent as with all other filings at the Commission. If 
information is filed as "confidential," any person desiring access to 
such materials or the Staff or the Commission may invoke the 
procedures of ARSD 20:10:01 :41 through 20: 10:01 :43 to 
determine whether such information is entitled to confidential 
treatment and what protective provisions are appropriate for limited 
release of information found to be entitled to confidential treatment. 

37 To facilitate periodic pipeline leak surveys during operation of the 
facilities in wetland areas, a corridor centered on the pipeline and 
up to 15 feet wide shall be maintained in an herbaceous state. 
Trees within 15 feet of the pipeline greater than 15 feet in height 
may be selectively cut and removed from the permanent right-of-
way. 

38 To facilitate periodic pipeline leak surveys in riparian areas, a 
corridor centered on the pipeline and up to 10 feet wide shall be 
maintained in an herbaceous state. 

39 Except to the extent waived by the owner or lessee in writing or to 
the extent the noise levels already exceed such standard, the noise 
levels associated with Keystone's pump stations and other noise-
producing facilities will not exceed the L 1 0=55dbA standard at the 
nearest occupied, existing residence, office, hotel/motel or non-
industrial business not owned by Keystone. The point of 
measurement will be within 100 feet of the residence or business in 
the direction of the pump station or facility. Post-construction 
operational noise assessments will be completed by an 
independent third-party noise consultant, approved by the 
Commission, to show compliance with the noise level at each pump 
station or other noise-producing facility. The noise assessments will 
be performed in accordance with applicable American National 
Standards Institute standards. The results of the assessments will 
be filed with the Commission. In the event that the noise level 
exceeds the limit set forth in this condition at any pump station or 
other noise producing facility, Keystone shall promptly implement 
noise mitigation measures to bring the facility into compliance with 
the limits set forth in this condition and shall report to the 
Commission concerning the measures taken and the results of 
post-mitigation assessments demonstrating that the noise limits 
have been met. 

Keystone XL Pipeline Project- June 30, 2014 

TransCanada 
In business to deliver 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will file its Emergency Response 
Plan and Integrity Management Plan with 
the Commission upon filing with PHMSA 
and will invoke the Commission's 
confidential filing rules. 

Keystone will maintain a corridor centered 
on the pipeline and up to 15 feet wide in an 
herbaceous state to facilitate periodic 
pipeline leak surveys during operation of the 
facilities in wetland areas. 

Keystone will maintain a corridor centered 
on the pipeline and up to 10 feet wide in an 
herbaceous state to facilitate periodic 
pipeline leak surveys during operation of the 
facilities in riparian areas. 

Keystone will design pump stations and 
other noise-producing facilities so that noise 
will not exceed the L 1 0 = 55dbA standard 
at the nearest occupied receptor (existing 
residence, office, hotel/motel or non-
industrial business not owned by Keystone). 
Keystone will utilize a third-party noise 
consultant, approved by the Commission, to 
show post-construction compliance with the 
noise level at each pump station or other 
noise-producing facility and will file the 
assessments with the Commission. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

40 At the request of any landowner or public water supply system that 
offers to provide the necessary access to Keystone over his/her 
property or easement(s) to perform the necessary work, Keystone 
shall replace at no cost to such landowner or public water supply 
system, any polyethylene water piping located within 500 feet of the 
Project with piping that is resistant to permeation by BTEX. 

40.a Keystone shall publish a notice in each newspaper of general 
circulation in each county through which the Project will be 
constructed advising landowners and public water supply systems 
of this condition. 

41 Keystone shall follow all protection and mitigation efforts as 
identified by the U.S. Fish and Wildlife Service ("USFWS") and 
SDGFP 

41.a Keystone shall identify all greater prairie chicken and greater sage 
and sharp-tailed grouse leks within the buffer distances from the 
construction right of way set forth for the species in the FE IS and 
Biological Assessment (BA) prepared by DOS and USFWS 

41.b In accordance with commitments in the FEIS and BA, Keystone 
shall avoid or restrict construction activities as specified by USFWS 
within such buffer zones between March 1 and June 15 and for 
other species as specified by USFW Sand SDGFP. 

42 Keystone shall keep a record of drain tile system information 
throughout planning and construction, including pre-construction 
location of drain tiles. Location information shall be collected using 
a sub-meter accuracy global positioning system where available or, 
where not available by accurately documenting the pipeline station 
numbers of each exposed drain tile. 

42.a Keystone shall maintain the drain tile location information and tile 
specifications and incorporate it into its Emergency Response and 
Integrity Management Plans where drains might be expected to 
serve as contaminant conduits in the event of a release. 

42.b If drain tile relocation is necessary, the applicant shall work directly 
with landowner to determine proper location. 

Keystone XL Pipeline Project- June 30, 2014 

TransCanada 
In business to deliver 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will replace polyethylene water 
piping located within 500 feet of the Project 
with piping that is resistant to permeation by 
BTEX when requested and provided access 
by the landowner or a public water supply 
system. 

Keystone will publish a notice in each 
newspaper of general circulation in each 
county through which the Project will be 
constructed advising landowners and public 
water supply systems of condition 40. 

Keystone is currently involved in 
consultation with the USFWS and SDGFP 
and will follow protection and mitigation 
efforts agreed to during consultation with the 
agencies. 

Keystone is involved in consultations with 
SDGFP to identify greater prairie chicken 
and greater sage and sharp-tailed grouse 
leks and to develop construction mitigation 
plans for each species. 

Keystone will address this requirement 
during pre-construction planning efforts. 

Records will be kept of drain tile system 
information. 

Keystone will maintain the drain tile location 
information and tile specifications and 
incorporate it into its Emergency Response 
and Integrity Management Plans where 
drains might be expected to serve as 
contaminant conduits in the event of a 
release. 

Keystone will work directly with landowner to 
determine proper location should drain tile 
relocation be necessary. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

42.c The location of permanent drain tiles shall be noted on as-built 
maps. Qualified drain tile contractors shall be employed to repair 
drain tiles. 

43 Keystone shall follow the "Unanticipated Discoveries Plan," as 
reviewed by the State Historical Preservation Office ("SHPO") and 
approved by the DOS and provide it to the Commission upon 
request. Ex TC-1.6.4, pp. 94-96; Ex S-3. 

43.a If during construction, Keystone or its agents discover what may be 
an archaeological resource, cultural resource, historical resource or 
gravesite, Keystone or its contractors or agents shall immediately 
cease work at that portion of the site and notify the DOS, the 
affected landowner(s) and the SHPO. 

43.b If the DOS and SHPO determine that a significant resource is 
present, Keystone shall develop a plan that is approved by the DOS 
and commenting/signatory parties to the Programmatic Agreement 
to salvage avoid or protect the archaeological resource. 

43.c If such a plan will require a materially different route than that 
approved by the Commission, Keystone shall obtain Commission 
and landowner approval for the new route before proceeding with 
any further construction. 

43.d Keystone shall be responsible for any costs that the landowner is 
legally obligated to incur as a consequence of the disturbance of a 
protected cultural resource as a result of Keystone's construction or 
maintenance activities. 

44.a Prior to commencing construction, Keystone shall conduct a 
literature review and records search, and consult with the BLM and 
Museum of Geology at the S.D. School of Mines and Technology 
("SDSMT") to identify known fossil sites along the pipeline route 
and identify locations of surface exposures of paleontologically 
sensitive rock formations using the BLM's Potential Fossil Yield 
Classification system. 

44.a.1 Any area where trenching will occur into the Hell Creek Formation 
shall be considered a high probability area. 

Keystone XL Pipeline Project - June 30, 2014 

TransCanada 
In business to deliver· 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will identify the location of 
permanent drain tiles on as-built maps. 
Keystone will employ qualified drain tile 
contractors to repair drain tiles impacted by 
the project. 

Keystone will comply with the "Unanticipated 
Discoveries Plan," as reviewed by the State 
Historical Preservation Office ("SHPO") and 
approved by the DOS and will provide the 
plan to the Commission upon request. 

Keystone will comply with this condition 
during construction. 

Keystone will develop a treatment plan that 
is approved by the DOS and 
commenting/signatory parties to the 
Programmatic Agreement to salvage, avoid, 
or protect an archaeological resource that 
DOS and SHPO determine as significant. 

Keystone will obtain approval from the 
Commission and affected landowner(s) for 
any materially different route that may be 
required as a result of unanticipated 
discoveries prior to further construction. 

Keystone will be responsible for costs that 
the landowner is legally obligated to incur as 
a consequence of the disturbance of a 
protected cultural resource as a result of 
Keystone's construction or maintenance 
activities. 

Keystone is currently completing 
consultations with the BLM and Museum of 
Geology at the S.D. School of Mines and 
Technology ("SDSMT") to identify known 
fossil sites along the pipeline route and 
identify locations of surface exposures of 
paleontologically sensitive rock formations 
using the BLM's Potential Fossil Yield 
Classification system. 

Keystone has identified locations along the 
pipeline route where trenching will occur into 
the Hell Creek Formation and has identified 
these locations as areas of high probability 
to yield fossils. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

44.b Keystone shall at its expense conduct a pre-construction field 
survey of each area identified by such review and consultation as a 
known site or high probability area within the construction ROW. 
Following BLM guidelines as modified by the provisions of 
Condition 44, including the use of BLM permitted paleontologists, 
areas with exposures of high sensitivity (PFYC Class 4) and very 
high sensitivity (PFYC Class 5) rock formations shall be subject to a 
100% pedestrial field survey, while areas with exposures of 
moderately sensitive rock formations (PFYC Class 3) shall be spot-
checked for occurrences of scientifically or economically significant 
surface fossils and evidence of subsurface fossils. Scientifically or 
economically significant surface fossils shall be avoided by the 
Project or mitigated by collecting them if avoidance is not feasible. 
Following BLM guidelines for the assessment and mitigation of 
paleontological resources, scientifically significant paleontological 
resources are defined as rare vertebrate fossils that are identifiable 
to taxon and element, and common vertebrate fossils that are 
identifiable to taxon and element and that have scientific research 
value; and scientifically noteworthy occurrences of invertebrate, 
plant and trace fossils. Fossil localities are defined as the 
geographic and stratigraphic locations at which fossils are found 

44.c Following the completion of field surveys, Keystone shall prepare 
and file with the Commission a paleontological resource mitigation 
plan. The mitigation plan shall specify monitoring locations, and 
include BLM permitted monitors and proper employee and 
contractor training to identify any paleontological resources 
discovered during construction and the procedures to be followed 
following such discovery. Paleontological monitoring will take place 
in areas within the construction ROW that are underlain by rock 
formations with high sensitivity (PFYC Class 4) and very high 
sensitivity (PFYC Class 5), and in areas underlain by rock 
formations with moderate sensitivity (PFYC Class 3) where 
significant fossils were identified during field surveys. 

Keystone XL Pipeline Project - June 30, 2014 

TransCanada 
In business to deliver 

STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone has conducting pre-construction 
field surveys of each area identified as high 
probability to yield fossils within the 
construction ROW. Keystone is conducting 
pedestrial field surveys of 100% of areas 
with exposures of high sensitivity (PFYC 
Class 4) and very high sensitivity (PFYC 
Class 5) rock formations utilizing the BLM 
guidelines as modified by the provisions of 
Condition 44, including the use of BLM 
permitted paleontologists. Additionally, 
Keystone is spot-checking areas of 
moderately sensitive rock formations (PFYC 
Class 3). Keystone will avoid scientifically 
or economically significant surface fossils or 
will mitigate by collecting them if avoidance 
is not feasible. 

Keystone will prepare and file with the 
Commission a paleontological resource 
mitigation plan upon completion of survey. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
Sol.Ith Dakota Puolic Utilities Commission 

NO. CONDITION 

44.d If during construction, Keystone or its agents discover what may be 
a paleontological resource of economic significance, or of scientific 
significance, as defined in subparagraph (b) above, Keystone or its 
contractors or agents shall immediately cease work at that portion 
of the site and, if on private land, notify the affected landowner(s). 
Upon such a discovery, Keystone's paleontological monitor will 
evaluate whether the discovery is of economic significance, or of 
scientific significance as defined in subparagraph (b) above. If an 
economically or scientifically significant paleontological resource is 
discovered on state land, Keystone will notify SDSMT and if on 
federal land, Keystone will notify the BLM or other federal agency. 
In no case shall Keystone return any excavated fossils to the 
trench. If a qualified and SLM-permitted paleontologist, in 
consultation with the landowner, BLM, or SDSMT determines that 
an economically or scientifically significant paleontological resource 
is present, Keystone shall develop a plan that is reasonably 
acceptable to the landowner(s), BLM, or SDSMT, as applicable, to 
accommodate the salvage or avoidance of the paleontological 
resource to protect or mitigate damage to the resource. The 
responsibility for conducting such measures and paying the costs 
associated with such measures, whether on private, state or federal 
land, shall be borne by Keystone to the same extent that such 
responsibility and costs would be required to borne by Keystone on 
BLM managed lands pursuant to BLM regulations and guidelines, 
including the BLM Guidelines for Assessment and Mitigation of 
Potential Impacts to Paleontological Resources, except to the 
extent factually inappropriate to the situation in the case of private 
land (e.g. museum curation costs would not be paid by Keystone in 
situations where possession of the recovered fossil(s) was turned 
over to the landowner as opposed to curation for the public). If such 
a plan will require a materially different route than that approved by 
the Commission, Keystone shall obtain Commission approval for 
the new route before proceeding with any further construction. 
Keystone shall, upon discovery and salvage of paleontological 
resources either during pre-construction surveys or construction 
and monitoring on private land, return any fossils in its possession 
to the landowner of record of the land on which the fossil is found. If 
on state land, the fossils and all associated data and documentation 
will be transferred to the SDSM; if on federal land, to the BLM. 

44.e To the extent that Keystone or its contractors or agents have control 
over access to such information, Keystone shall, and shall require 
its contractors and agents to, treat the locations of sensit(ve and 
valuable resources as confidential and limit public access to this 
information. 

Keystone XL Pipeline Project - June 30, 2014 

TransCanada 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will comply with this condition 
during construction. 

To the extent that Keystone or its 
contractors or agents have control over 
access to such information, Keystone will, 
and will require its contractors and agents to 
treat the locations of sensitive and valuable 
resources as confidential and limit public 
access to this information. 
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Keystone XL Pipeline Project 
Response to Condition 8 for the 
South Dakota Public Utilities Commission 

NO. CONDITION 

45 Keystone shall repair or replace all property removed or damaged 
during all phases of construction and operation of the proposed 
transmission facility, including but not limited to, all fences, gates 
and utility, water supply, irrigation or drainage systems. 

45.a Keystone shall compensate the owners for damages or losses that 
cannot be fully remedied by repair or replacement, such as lost 
productivity and crop and livestock losses or loss of value to a 
paleontological resource damaged by construction or other 
activities. 

46 In the event that a person's well is contaminated as a result of 
construction or pipeline operation, Keystone shall pay all costs 
associated with finding and providing a permanent water supply that 
is at least of similar quality and quantity; and any other related 
damages, including but not limited to any consequences, medical or 
otherwise, related to water contamination. 

47 Any damage that occurs as a result of soil disturbance on a 
persons' property shall be paid for by Keystone 

48 No person will be held responsible for a pipeline leak that occurs as 
a result of his/her normal farming practices over the top of or near 
the pipeline 

49 Keystone shall pay commercially reasonable costs and indemnify 
and hold the landowner harmless for any loss, damage, claim or 
action resulting from Keystone's use of the easement, including any 
resulting from any release of regulated substances or from 
abandonment of the facility, except to the extent such loss, damage 
claim or action results from the gross negligence or willful 
misconduct of the landowner or its agents. 

50 The Commission's complaint process as set forth in ARSD 20:10:01 
shall be available to landowners, other persons sustaining or 
threatened with damage or the consequences of Keystone's failure 
to abide by the conditions of this permit or otherwise having 
standing to obtain enforcement of the conditions of this Order and 
Permit. 

Keystone XL Pipeline Project - June 30, 2014 

TransCanada 
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STATUS OF OTHER MEASURES 
REQUIRED BY CONDITIONS 

Keystone will repair or replace all property 
removed or damaged during all phases of 
construction and operation of the proposed 
transmission facility. 

Keystone will compensate the owners for 
damages or losses that result from 
construction and operation of the proposed 
transmission facility and cannot be fully 
remedied by repair or replacement. 

Keystone will pay all costs associated with 
finding and providing a permanent water 
supply that is at least of similar quality and 
quantity and any other related damages 
related to water contamination in the event 
that a well is contaminated as a result of 
construction or pipeline operation. 

Keystone will compensate for damage that 
occurs as a result of soil disturbance on a 
persons' property caused by construction 
and operation of the Project. 

Keystone will not hold any person 
responsible for a pipeline leak that occurs as 
a result of normal farming practices. 

Keystone will pay commercially reasonable 
costs and indemnify and hold the landowner 
harmless for any loss, damage, claim or 
action resulting from Keystone's use of the 
easement, including any resulting from any 
release of regulated substances or from 
abandonment of the facility, except to the 
extent such loss, damage claim or action 
results from the gross negligence or willful 
misconduct of the landowner or its agents. 

The Commission's complaint process as set 
forth in ARSD 20:10:01 shall be available to 
landowners, other persons sustaining or 
threatened with damage or the 
consequences of Keystone's failure to abide 
by the conditions of this permit or otherwise 
having standing to obtain enforcement of the 
conditions of this Order and Permit. 
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CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

1.0 INTRODUCTION 

2.0 GENERAL CONDITIONS 
2.1 Training 
2.2 Environmental Inspection 
2.3 Advance Notice of Access to Property Prior to Construction 
2.4 Other Notifications 
2.5 Damages to Private Property 
2.6 Appearance of Worksite 
2.7 Access 
2.8 Aboveground Facilities 
2.9 Minimum Depth of Cover 
2.10 Non-Hazardous Waste Disposal 
2.11 Hazardous Wastes 
2.12 Noise Control 
2.13 Weed Control 
2.14 Dust Control 
2.15 Off Road Vehicle Control 
2.16 Fire Prevention and Control 
2.17 Road and Railroad Crossings 
2.18 Adverse Weather 
2.19 Cultural Resources 

3.0 SPILL PREVENTION AND CONTAINMENT 
3.1 Spill Prevention 

3.1.1 Staging Area 
3.1.2 Construction Right of Way 

3.2 Contingency Plans 
3.3 Equipment 
3.4 Emergency Notification 
3.5 Spill Containment and Countermeasures 

4.0 UPLANDS (AGRICULTURAL, FOREST, PASTURE, RANGE AND GRASS LANDS) 
4.1 Interference with Irrigation Systems 
4.2 Clearing 
4.3 Topsoil Removal and Storage 
4.4 Grading 
4.5 Temporary Erosion and Sediment Control 

4.5.1 General 
4.5.2 Sediment Barriers 
4.5.3 Trench Plugs 
4.5.4 Temporary Slope Breakers (Water Bars) 
4.5.5 Drainage Channels or Ditches 
4.5.6 Temporary Mulching 
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4.5.7 Tackifier 
4.6 Stringing 
4.7 Trenching 

4. 7.1 Trench Dewater/Well Points 
4.8 Welding, Field Joint Coating, and Lowering In 
4.9 Padding and Backfilling 
4.10 Clean Up 
4.11 Reclamation and Revegetation 

4.11.1 Relieving Compaction 
4.11.2 Rock Removal 
4.11.3 Soil Additives 
4.11.4 Seeding 
4.11.5 Permanent Erosion and Sediment Control 
4.11.6 Fences 
4.11.7 Farm Terraces 
4.11.8 Right-of-Way and Pipeline Markers 

4.12 Pasture and Range Lands 
4.13 Forested Lands 
4.14 Residential and Commercial/Industrial Areas 

4.14.1 Residential and Commercial Areas 
4.14.2 Site - Specific Plans 
4.14.3 Landowner Complaint Resolution Procedure 

4.15 &l-AEl-l=!#!sFragile Soil Clean Up and Reclamation/Revegetation (-Steele-Gity 
Segment) 

4.15.1 General 
4.15.2 Right-of-Way Construction 
4.15.3 Right-of-Way Reclamation 
4.15.4 Post - Construction 

4.16 Operations and Maintenance 

5.0 DRAIN TILE SYSTEMS 
5.1 General 
5.2 Identification and Classification of Drain Tile Systems 

5.2.1 Publicly Owned Drain Tiles 
5.2.2 Privately Owned Drain Tiles 

5.3 Mitigation of Damage to Drain Tile Systems 
5.3.1 Non-interference with Drain Tile 
5.3.2 Non-disturbance of Drain Tile Mains 
5.3.3 Relocation or Replacement of Existing Drain Tiles Prior to Construction 
5.3.4 Future Drain Tiles/Systems 
5.3.5 Other Mitigation Measures 

5.4 Responsibility for Repair of Drain Tile Systems 
5.4.1 Local Drain Tile Contractor Repair 
5.4.2 Pipeline Contractor Repair 
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CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

5.4.3 Landownerrrenant Repair 
5.5 Drain Tile Repairs 

5.5.1 Temporary Repairs During Construction 
5.5.2 Permanent Repairs 

5.6 Inspection/Acceptance of Drain Tile Repairs 

6.0 WETLAND CROSSINGS 
6.1 General 
6.2 Easement and Workspace 
6.3 Vehicle Access and Equipment Crossing 
6.4 Temporary Erosion and Sediment Control 
6.5 Wetland Crossing Procedures 

6.5.1 Dry Wetland Crossing Method 
6.5.2 Standard Wetland Crossing Method 
6.5.3 Flooded Push/Pull Wetland Crossing Method 

6.6 Restoration and Reclamation 

7.0 WATERBODIES AND RIPARIAN LANDS 
7.1 General 
7.2 Easement and Workspace 
7.3 Vehicle Access and Equipment Crossings 
7.4 Waterbody Crossing Methods 

7.4.1 Non-flowing Open Cut Crossing Method 
7.4.2 Flowing Open Cut Crossing Method of Minor, Intermediate, and Major 

Waterbodies 
7.4.3 Flowing Stream Crossing - Dry Flume Method 
7.4.4 Flowing Stream Crossing- Dry Dam and Pump Method 
7.4.5 Horizontal Directional Drill Crossings 
7.4.6 Horizontal Bore Crossings 

7.5 Clearing 
7.6 Grading 
7.7 Temporary Erosion and Sediment Control 
7.8 Trenching 
7.9 Pipe Installation 
7.10 Backfilling 
7.11 Stabilization and Restoration of Stream Banks and Slopes 

8.0 HYDROSTATIC TESTING 
8.1 Testing Equipment Location 
8.2 Test Water Source and Discharge Locations 
8.3 Filling the Pipeline 
8.4 Dewatering the Pipeline 

8.4.1 Splash Pup 
8.4.2 Splash Plate 
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8.4.3 Plastic Liner 
8.4.4 Straw Bale Dewatering Structure 

9.0 DRAWINGS AND FIGURES 

Detail 1 
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Detail 5 
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Detail 7 
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Detail 11 
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Temporary/Permanent Slope Breaker Detail (Water Bars) 
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Typical Dewatering Filter Bag 
Typical Straw Bale Dewatering Structure 
Typical Permanent Trench Breaker 
"Dry" Wetland Crossing Method 
Standard Wetland Crossing Method 
Push/Pull Wetland Crossing Method 
Typical Open Cut Wet Crossing Method Non-Flowing Waterbody 
Typical Open Cut Wet Crossing Method Flowing Waterbody 
Typical Dry Flume Crossing Method 
Typical Dry Flume Crossing Method (Procedures) 
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Typical Temporary Bridge Crossing 
Typical Flume Bridge Crossing 
Typical Railcar Bridge Crossing 
Flexible Channel Liner Installation 
Typical Rock Rip-Rap 
Typical Uncased/Railroad Crossing Bore Detail 
(Omitted) 
Streambank Reclamation - Log Wall 
Streambank Reclamation - Vegetated Geotextile Installation 
Typical ROW Layout/Soil Handling 11 O' Construction ROW 50' Easement Drain Tile 
Crossing 
Header/Main Crossovers of Pipeline 
Relocate/Replace Drainage Header/Main 
Drainage and Irrigation Temporary Drain Tile Repair 
Drainage and Irrigation Permanent Drain Tile Repair 
Equipment Cleaning Station Detail 
Equipment Wash Station Detail 
Topsoil Conservation-Triple Ditch 
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CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

1.0 INTRODUCTION 

The construction, mitigation, and reclamation requirements described in this Plan apply 
to work on all of TransCanada Keystone Pipeline, L.P.'s (Keystone's) Keystone XL 
Project (Project) lands, including the following; 

uplands, including agricultural (cultivated or capable of being cultivated) lands, 
pasture lands; range lands; grass lands; forested lands; lands in residential, 
commercial, or industrial areas; lands in public rights of way; and lands in private 
rights-of-way; 

wetlands; and 

waterbodies and riparian areas. 

Keystone, during the construction, operation, and maintenance of the Project, shall 
implement the construction, mitigation, and reclamation actions contained in this Plan to 
the extent that they do not conflict with the requirements of any applicable federal, state, 
or local rules and regulations, or other permits or approvals that are applicable to the 
Project. Additionally, Keystone may deviate from specific requirements of this Plan on 
specific private lands as agreed to by landowners or as required to suit actual site 
conditions as determined and directed by Keystone. All work must be in compliance 
with federal, state, and local permits. 

The Project will be designed, constructed, operated and maintained in a manner that 
meets or exceeds applicable industry standards and regulatory requirements. 
Keystone's Integrity Management Plan and Emergency Response Plan outlines the 
preventative maintenance, inspection, line patrol, leak detection systems, SCADA, and 
other pipeline integrity management procedures to be implemented during operation of 
the Project. 

2.0 GENERAL CONDITIONS 

2.1 Training 

Experienced, well-trained personnel are essential for the successful 
implementation of this Plan. Keystone and its Contractors shall undergo 
prevention and response, as well as safety training. The program shall be 
designed to improve awareness of safety requirements, pollution control laws 
and procedures, and proper operation and maintenance of equipment. 

The construction contractor (Contractor), and all of his subcontractors shall 
ensure that persons engaged in Project construction are informed of the 
construction issues and concerns and that they attend and receive training 
regarding these requirements as well as all laws, rules and regulations applicable 
to the work. Prior to construction, all Project personnel will be trained on 
environmental permit requirements and environmental specifications, including 
fuel handling and storage, cultural resource protection methods, stream and 
wetland crossing requirements, and sensitive species protection measures. 
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Different levels of training shall be required for different groups of Contractor 
personnel. Contractor supervisors, managers, field foremen, and other 
Contractor personnel designated by Keystone shall attend a comprehensive 
environmental training session. All other Contractor personnel shall attend a 
training session before the beginning of construction and during construction as 
environmental issues and incidents warrant. Additional training sessions shall be 
held for newly assigned personnel prior to commencing work on the Project. 

All Contractor personnel shall attend the training session prior to entering the 
construction right-of-way. All Contractor personnel shall sign an 
acknowledgement of having attended the appropriate level of training and shall 
display a hard hat sticker that signifies attendance at environmental training. In 
order to ensure successful compliance, Contractor personnel shall attend repeat 
or supplemental training if compliance is not satisfactory or as new, significant 
new issues arise. 

All visitors and any other personnel without specific work assignments shall be 
required to attend a safety and environmental awareness orientation. 

2.2 Environmental Inspection 

Keystone will use Environmental Inspectors on each construction spread. The 
Environmental Inspectors will review the Project activities daily for compliance 
with state, federal and local regulatory requirements. The Environmental 
Inspectors will have the authority to stop specific tasks as approved by the Chief 
Inspector. They can also order corrective action in the event that construction 
activities violate the provisions of this Plan, landowner requirements, or any 
applicable permit requirements. 

2.3 Advance Notice of Access to Property Prior to Construction 

Prior to initially accessing landowners' property, Keystone shall provide the 
landowner or tenant with a minimum of 24 hours prior notice unless otherwise 
negotiated with the landowner and as described in the Project line list). 
Additionally, the landowner or tenant shall be provided with Keystone contact 
information. Landowners may utilize contact information to inform Keystone of 
any concerns related to construction. 

Prior notice shall consist of a personal contact, a telephone contact, or delivery of 
written notice to the landowner to inform the landowner of whereby the 
landowner or tenant is informed of Keystone's intent to initially access the land. 
The landowner or tenant need not acknowledge receipt of written notice before 
Keystone can enter the landowner's property. 

Keystone will coordinate with managers of public lands to reduce conflicts 
between construction activities and recreational uses. Keystone will consult with 
land managers on state and federal lands regarding any necessary construction 
and maintenance restrictions consistent with management and use of such 
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lands. Damages from disruption of recreational uses of private lands will be the 
subject of compensation negotiations with individual landowners. 

If pipeline activities occur during the winter season Keystone will consult with the 
appropriate regulatory agencies to establish the appropriate protective measures 
to avoid or mitigate wildlife seasonal. timing or migration concerns. 

2.4 Other Notifications 

The Contractor shall notify, in writing, both Keystone and the authority having 
jurisdiction over any road, railroad, canal, drainage ditch, river, foreign pipeline, 
or other utility to be crossed by the pipeline at least 48 hours (excluding 
Saturdays, Sundays, and statutory holidays), or as specified on the applicable 
permit(s), prior to commencement of pipeline construction, in order that the said 
authority may appoint an inspector to ensure that the crossing is constructed in a 
satisfactory manner. 

The Contractor shall notify Keystone immediately of any spill of a potentially 
hazardous substance that creates a sheen on a wetland or waterbody, as well as 
any existing soil contamination discovered during construction. 

The Contractor shall immediately notify Keystone of the discovery of previously 
unreported historic property, other significant cultural materials, or suspected 
human remains uncovered during pipeline construction. 

The Contractor shall immediately notify Keystone of a Project-related injury to or 
mortality of a threatened or endangered animal. 

2.5 Damages to Private Property 

Pipeline construction activities shall be confined to the construction right-of-way, 
temporary work space, additional temporary work space, and approved access 
routes. 

Keystone shall reasonably compensate landowners for any construction-related 
damages caused by Keystone which occur on or off of the established pipeline 
construction right-of-way. 

Keystone shall reasonably compensate landowners for damages to private 
property caused by Keystone beyond the initial construction and reclamation of 
the pipeline, to include those damages caused by Keystone during future 
construction, operation, maintenance, and repairs relating to the pipeline. 

2.6 Appearance of Worksite 

The construction right-of-way shall be maintained in a clean, neat condition at all 
times. At no time shall litter be allowed to accumulate at any location on the 
construction right-of-way. The Contractor shall provide a daily garbage detail 
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with each major construction crew to keep the construction right-of-way clear of 
trash, pipe banding and spacers, waste from coating products, welding rods, 
timber skids, defective materials and all construction and other debris 
immediately behind construction operations unless otherwise approved by 
Keystone. Paper from wrapping or coating products or lightweight items shall not 
be permitted to be scattered by the wind. 

The traveled surfaces of roads, streets, highways, etc. (and railroads when 
applicable) shall be cleaned free of mud, dirt, or any debris deposited by 
equipment traversing these roads or exiting from the construction right-of-way. 

2.7 Access 

Prior to the pipeline's installation, Keystone and the landowner shall reach a 
mutually acceptable agreement on the route that shall be utilized by the 
Contractor for entering and exiting the pipeline construction right-of-way should 
access to the construction right-of-way not be practicable or feasible from 
adjacent segments of the pipeline construction right-of-way, public road, or 
railroad right-of-way. 

All construction vehicles and equipment traffic shall be confined to the public 
roads, private roads acquired for use by Keystone, and the construction right-of
way. If temporary private access roads are constructed, they shall be designed 
to maintain proper drainage and shall be built to minimize soil erosion. 

Sufficiently sized gaps shall be left in all spoil and topsoil wind rows and a hard or 
soft plug shall be left in the trench at all temporary private access roads and 
obvious livestock or wildlife trails unless the landowner agrees prior to 
construction that these access points can be blocked during construction. 

All construction-related private roads and access points to the right-of-way shall 
be marked with signs. Any private roads not to be utilized during construction 
shall also be marked. 

Keystooe-will-tlevelep a site SJ*lBifitr.mssi~lafl-fer-tl'.Je-GEtr:p.s4ee-+itle-6;m4s 
to address the primary concerns of limited access and conflicts 'Nith hunters 
during construction. 

2.8 Aboveground Facilities 

Locations for aboveground facilities shall be selected in a manner so as to be as 
unobtrusive as reasonably possible to ongoing agricultural or other landowner 
activities occurring on the lands adjacent to the facilities. If it is not feasible, to 
avoid interference, such activities shall be located so as to incur the least 
hindrance to the adjacent agricultural operations (i.e., located in field corners or 
areas where at least one side is not used for cropping purposes) provided the 
location is consistent with the design constraints of the pipeline. Aboveground 
facilities shall avoid floodplains and wetlands to the maximum extent possible. 
Additionally, they shall be located to avoid existing drain tile systems to the 
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extent possible. To further reduce visual impacts from aboveground pipeline 
facilities and structures, Keystone will comply with standard industry painting 
practices with respect to aboveground facilities. Keystone will address any visual 
aesthetics issues with landowners in individual consultations. 

2.9 Minimum Depth of Cover 

The pipeline shall be installed so that the top of the pipe and coating is a 
minimum depth of 5 feet below the bottom of waterbodies including rivers, 
creeks, streams, ditches, and drains. This depth shall normally be maintained 
over a distance of 15 feet on each side of the waterbody measured from the top 
of the defined stream channel. If concrete weights or concrete coated pipe is 
utilized for negative buoyancy of the pipeline, the minimum depth of cover shall 
be measured from the top of the concrete to the original ground contour. The 
following table indicates standard depths that would apply to pipeline 
construction. 

Normal For Rock 
Excavation Excavation 

Location (inches) (inches 
Most areas 48 36 
All waterbodies 60 36 
Dry creeks, ditches, drains, washes, gullies, etc. 60 36 
Drainage ditches at public roads and railroads 60 48 

Depth of cover requirements may be modified by Keystone based on site-specific 
conditions. However, all depths shall be in compliance with all established 
codes. 

2.10 Non-Hazardous Waste Disposal 

Non-hazardous pipeline construction wastes include human waste, trash, pipe 
banding and spacers, waste from coating products, welding rods, timber skids, 
cleared vegetation, stumps, and rock. 

All waste which contains (or at any time contained) oil, grease, solvents, or other 
petroleum products falls within the scope of the oil and hazardous substances 
control, cleanup, and disposal procedures. This material shall be segregated for 
handling and disposal as hazardous wastes. 

The Contractor shall be responsible for ensuring that human wastes are handled 
and disposed of exclusively by means of portable, self-contained toilets during all 
construction operations. Wastes from these units shall be collected by a 
licensed contractor for disposal only at licensed and approved facilities. 

The Contractor shall remove all trash from the construction right-of-way on a 
daily basis unless otherwise approved or directed by Keystone. 
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The Contractor shall dispose of HOD drill cuttings and drilling mud at a Keystone
approved location. Disposal options may include spreading over the construction 
right-of-way in an upland location approved by Keystone, or hauling to an 
approved licensed landfill or other site approved by Keystone. 

The Contractor shall remove all extraneous vegetative, rock, and other natural 
debris from the construction right-of-way by the completion of cleanup 

The Contractor shall remove all trash and wastes from Contractor yards, and 
Pipe Stockpipe Sites, and staging areas when work is completed at each 
location. 

The Contractor shall dispose of all waste materials at licensed waste disposal 
facilities. Wastes shall not be disposed of in any other fashion such as un
permitted burying or burning. 

2.11 Hazardous Wastes 

The Contractor shall ensure that all hazardous and potentially hazardous 
materials are transported, stored, and handled in accordance with all applicable 
legislation. Workers exposed to or required to handle dangerous materials shall 
be trained in accordance with the applicable regulator and the manufacturer's 
recommendations. 

The Contractor shall dispose of all hazardous materials at licensed waste 
disposal facilities. Hazardous wastes shall not be disposed of in any other 
fashion such as un-permitted burying or burning. 

All transporters of oil, hazardous substances, and hazardous wastes shall be 
licensed and certified according to the applicable state vehicle code. Incidents 
on public highways shall be reported to the appropriate agencies. 

All hazardous wastes being transported off-site shall be manifested. The 
manifest shall conform to requirements of the appropriate state agency. The 
transporter shall be licensed and certified to handle hazardous wastes on the 
public highways. The vehicles as well as the drivers must conform to all 
applicable vehicle codes for transporting hazardous wastes. The manifest shall 
conform to 49 CFR Parts 172.101, 172.202, and 172.203. 

If toxic or hazardous waste materials or containers are encountered during 
construction, the Contractor shall stop work immediately to prevent disturbing or 
further disturbing the waste material and shall immediately notify Keystone. The 
Contractor shall not restart work until clearance is granted by Keystone. 

2.12 Noise Control 

The Contractor shall minimize noise during non-daylight hours and within 1 mile 
of residences or other noise-sensitive areas such as hospitals, motels or 
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campgrounds. Keystone shall abide by all applicable noise regulations regarding 
noise near residential and commercial/industrial areas. The Contractor shall 
provide notice to Keystone if noise levels are expected to exceed bylaws for a 
short duration. Keystone will give advanced notice to landowners within 500 feet 
of right-of-way prior to construction, limit the hours during which construction 
activities with high-decibel noise levels are conducted, coordinate work 
schedules, and ensure that construction proceeds quickly through such areas. 
The Contractor shall minimize noise in the immediate vicinity of herds of livestock 
or poultry operations, which are particularly sensitive to noise. 

Keystone will set up a toll-free telephone line for landowners to report any 
construction noise-related issues. 

2.13 Weed Control 

Keystone will prepare a weed management plan for each state crossed by the 
project. as required. In general. these plans will consider the following measures 
listed below. 

Prior to mobilization for the Project, the Contractor shall thoroughly clean all 
construction equipment, including timber mats, prior to moving the equipment to 
the job site to limit the potential for the spread of noxious weeds, insects and soil
borne pests. The Contractor shall clean the equipment with high-pressure 
washing equipment. 

Prior to construction, Keystone will mark all areas of the right-of-way which 
contain infestations of noxious, invasive species or soil-borne pests. Such 
marking will clearly indicate the limits of the infestation along the right-of-way. 
During construction, the Contractor shall clean the tracks, tires, and blades of 
equipment by hand (track shovel) or compressed air to remove excess soil prior 
to movement of equipment out of weed or soil-borne pest infested areas or utilize 
cleaning stations to remove vegetative materials using water under high pressure 
(see detail Drawings 30 and 31). 

In areas of isolated weed populations, the Contractor shall strip topsoil from the 
full width of the construction right-of-way and store the topsoil separately from 
other topsoil and subsoil. The Environmental Inspectors will identify these 
locations in the field prior to grading activities. 

The Contractor shall use mulch and straw or hay bales that are free of noxious 
weeds for temporary erosion and sediment control. 

The Contractor shall implement pre-construction treatments such as mowing 
prior to seed development or herbicide application to areas of noxious weed 
infestation prior to other clearing, grading, trenching, or other soil disturbing work 
at locations identified in the construction drawings. 

Keystone will implement Best Management Practices (BMPs) for conducting 
vegetation control where necessary before and after construction. Typical 
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agricultural herbicides, developed in consultation with county or state regulatory 
agencies, will be used. Herbicide types will be determined based on the weed 
species requiring control. The Contractor shall apply herbicides, where required, 
within one week, or as deemed necessary for optimum mortality success, prior to 
disturbing the area by clearing, grading, trenching, or other soil disturbing work. 
Herbicides shall be applied by applicators appropriately licensed or certified by 
the state in which the work is conducted. All herbicides applied prior to 
construction shall be non-residual or shall have a significant residual effect no 
longer than 30 days. Herbicides applied during construction shall be non
residual. Keystone will implement BMPs in the use of pesticides and herbicides 
along the pipeline corridor to reduce potential impacts to avian and wildlife 
species. 

The Contractor shall not use herbicides in or within 100 feet of a wetland or 
waterbody. 

After pipeline construction, on any construction right-of-way over which Keystone 
will retain control over the surface use of the land after construction (i.e., valve 
sites, metering stations, pump stations, etc.), Keystone shall provide for weed 
control to limit the potential for the spread of weeds onto adjacent lands used for 
agricultural purposes. Any weed control spraying performed by Keystone shall 
be done by a state-licensed pesticide applicator. 

Keystone shall be responsible for reimbursing all reasonable costs incurred by 
owners of land adjacent to aboveground facilities when the landowners must 
control weeds on their land which can be reasonably determined to have spread 
from land occupied by Keystone's aboveground facilities. 

2.14 Dust Control 

The Contractor shall at all time control airborne dust levels during construction 
activities to levels acceptable to Keystone. The Contractor shall employ water 
trucks, sprinklers or calcium chloride as necessary to reduce dust to acceptable 
levels. Utilization of calcium chloride is limited to roads. 

Dust shall be strictly controlled where the work approaches dwellings, farm 
buildings, and other areas occupied by people and when the pipeline parallels an 
existing road or highway. This shall also apply to access roads where dust 
raised by construction vehicles may irritate or inconvenience local residents. The 
speed of all Contractor vehicles shall be controlled in these areas. Emissions 
from construction equipment combustion, open burning, and temporary fuel 
transfer systems and associated tanks will be controlled to the extent required by 
state and local agencies through the permit process. 

The Contractor shall take appropriate precautions to prevent fugitive emissions 
caused by sand blasting from reaching any residence or public building. The 
Contractor shall place curtains of suitable material, as necessary, to prevent 
wind-blown particles from sand blasting operations from reaching any residence 
or public building. 
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Additional measures may be required by state regulations or local ordinances. 
The Contractor will comply with all applicable state regulations and local 
ordinances with respect to truck transportation and fugitive dust emissions. 

2.15 Off Road Vehicle Control 

Keystone shall offer to landowners or managers of forested lands to install and 
maintain measures to control unauthorized vehicle access to the construction 
right-of-way where appropriate. These measures may include the following 
unless otherwise approved or directed by Keystone based on site specific 
conditions or circumstances: 

signs; 

fences with locking gates; 

slash and timber barriers, pipe barriers, or boulders lined across the 
construction right-of-way; and 

conifers or other appropriate trees or shrubs across the construction right-of
way. 

2.16 Fire Prevention and Control 

The Contractor shall comply with all federal, state, county and local fire 
regulations pertaining to burning permits and the prevention of uncontrolled fires. 
The following mitigative measures shall be implemented to prevent fire hazards 
and control of fires: 

A list of relevant fire authorities and their designated representative to contact 
shall be maintained on site by construction personnel. 

Adequate fire fighting equipment shall be available on site in accordance with 
the applicable regulatory requirements shall be available on site. 

The level of forest fire hazard shall be posted at the construction office (where 
visible for workers) and workers shall be made aware of the hazard level and 
related implications. 

The Contractor shall provide equipment to handle any possible fire 
emergency. This shall include, although not be limited to, water trucks; 
portable water pumps; chemical fire extinguishers; hand tools such as 
shovels, axes, and chain saws; and heavy equipment adequate for the 
construction of fire breaks when needed. 

Specifically, the Contractor shall supply and maintain in working order an 
adequate supply of fire extinguishers for each crew engaged in potentially 
combustible work such as welding, cutting, grinding, and burning of brush or 
vegetative debris. 
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In the event of a fire, the Contractor shall immediately use resources 
necessary to contain the fire. The Contractor shall then notify local 
emergency response personnel. 

All tree clearing activities are to be carried out in accordance with local rules 
and regulations for the prevention of forest fires. 

Burning shall be done in compliance with state, county, or local applicable 
regulations. 

Any burning will be done within the right-of-way. Only small piles shall be 
burned to avoid overheating or damage to trees or other structures along the 
right-of-way. 

Flammable wastes shall be removed from the construction site on a regular 
basis. 

Flammable materials kept on the construction site must be stored in approved 
containers away from ignition sources. 

Smoking shall be prohibited around flammable materials. 

Smoking shall be prohibited on the entire construction site when the fire 
hazard is high. 

2.17 Road and Railroad Crossings 

Construction across paved roads, highways, and railroads will be in accordance 
with the requirements of the road and railroad crossing permits and approvals 
obtained by Keystone. In general, all major paved roads, all primary gravel 
roads, highways, and railroads will be crossed by boring beneath the road or 
railroad. Detail drawing 21 illustrates a typical bored road or railroad crossing. 
Boring requires the excavation of a pit on each side of the feature, the placement 
of boring equipment in the pit, and boring a hole under the road at least equal to 
the diameter of the pipe. Once the hole is bored, a prefabricated pipe section will 
be pulled through the borehole. For long crossings, sections can be welded onto 
the pipe string just before being pulled through the borehole. Boring will result in 
minimal or no disruption to traffic at road or railroad crossings. Each boring will 
be expected to take 1 to 2 days for most roads and railroads and up to 10 days 
for long crossings such as interstate or four-lane highways. 

Most smaller, unpaved roads and driveways will be crossed using the open-cut 
method where permitted by local authorities or private owners. The open-cut 
method will require temporary closure of the road to traffic and establishment of 
detours. If no reasonable detour is feasible, at least one lane of traffic will be 
kept open, except during brief periods when it is essential to close the road to 
install the pipeline. Most open-cut road crossings can be finished and the road 
resurfaced in 1 or 2 days. Keystone will take measures, such as posting signs at 
open-cut road crossings, to ensure safety and minimize traffic disruptions. 

2.18 Adverse Weather 
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The Contractor shall restrict certain construction activities and work in cultivated 
agricultural areas in excessively wet soil conditions to minimize rutting and soil 
compaction. In determining when or where construction activities should be 
restricted or suspended during wet conditions, the Contractor shall consider the 
following factors: 

the extent that rutting may cause mixing of topsoil with subsoil layers or 
damage to tile drains; 

excessive buildup of mud on tires and cleats; 

excessive ponding of water at the soil surface; and 

the potential for excessive soil compaction. 

The Contractor shall implement mitigative measures as directed by Keystone in 
order to minimize rutting and soil compaction in excessively wet soil conditions 
which may include: 

restricting work to areas on the spread where conditions allow; 
using low ground weight, wide-track equipment, or other low impact 
construction techniques; 

limiting work to areas that have adequately drained soils or have a cover of 
vegetation ,such as sod, crops or crop residues, sufficient to prevent mixing 
of topsoil with subsoil layers or damage to drain tiles; and 

installing geotextile material or construction mats in problem areas. 

"Stop work" authority will be designated to the chief inspector but will be 
implemented when recommended by the Environmental Inspector. 

2.19 Cultural Resources 

Keystone intends to avoid cultural resources to the extent practicable by 
rerouting the pipeline corridor and related appurtenances, avoiding construction 
activities on properties listed in or eligible for listing in the National Register of 
Historic Places (NRHP), as well as boring or using HDD through culturally sterile 
soils. 

The Contractor shall implement the measures outlined in any unanticipated 
discovery plan or any Programmatic Agreement that is adopted to minimize 
disturbance to cultural sites and shall take immediate action as outlined in the 
Programmatic Agreement if any unanticipated cultural discovery is encountered 
during construction. 

The preferred treatment of any historical property or culturally significant site is 
avoidance. Where reguiredRBGessai=y, Keystone will monitor the construction 
spread using a cultural resource monitor working under the direction of a 
professional who meets the standards of the Secretary of the Interior's Historic 
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Preservation Professional Qualification Standards (48 FR 44716, September 29, 
1983). 

Prior to commencing construction, Keystone also will provide an appropriate level 
of training to all construction personnel so that the requirements of any 
unanticipated discovery plan or Programmatic Agreement are understood and 
unanticipated discoveries quickly identified. 

In the event an unanticipated cultural discovery is made, the Contractor will 
immediately halt all construction activities within a 100-foot radius, including 
traffic; notify the Keystone Environmental Inspector; and implement interim 
measures to protect the discovery from looting or vandalism. The appropriate 
federal, state, local, or tribal authorities will be notified of discovery within 48 
hours of the initial find. Construction will not proceed within the 100-foot radius of 
discovery site until all mitigation measures defined in the Programmatic 
Agreement are concluded and Keystone receives approval from the appropriate 
agencies that construction may resume. No work or activity within the 100-foot 
buffer area may take place until approvals are communicated at the spread level 
by the lead Environmental Inspector. 

3.0 SPILL PREVENTION AND CONTAINMENT 

Spill prevention and containment applies to the use and management of hazardous 
materials on the construction right-of-way and all ancillary areas during construction. 
This includes the refueling or servicing of all equipment with diesel fuel, gasoline, 
lubricating oils, grease, and hydraulic and other fluids during normal upland applications 
and special applications within 100 feet of perennial streams or wetlands. 

Keystone will prepare a project-specific Spill Prevention Containment and 
Countermeasure (SPCC) Plan. The Contractor shall provide additional information to 
complete the SPCC Plan for each construction spread, and shall provide site-specific 
data that meets the requirements of 40 CFR Part 112 for every location used for staging 
fuel or oil storage tanks and for every location used for bulk fuel or oil transfer. Each 
SPCC Plan will be prepared prior to introducing the subject fuel, oil, or hazardous 
material to the subject location. 

3.1 Spill Prevention 

3.1.1 Staging Areas 

Staging areas (including Contractor yards and pipe stockpile sites) shall 
be set up for each construction spread. Bulk fuel and storage tanks will 
be placed only at Contractor yards. No bulk fuel and storage tanks will be 
placed in the construction ROW. Hazardous materials at staging areas 
shall be stored in compliance with federal and state laws. The following 
spill prevention measures shall be implemented by the Contractor: 

Contractor fuel trucks shall be loaded at existing bulk fuel dealerships 
or from bulk tanks set up for that purpose at the staging area. In the 
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former case, the bulk dealer is responsible for preventing and 
controlling spills. 

The Environmental Inspector shall inspect the tank site for compliance 
with the 100-foot setback requirement and approve the tank site prior 
to installing bulk fuel or storage tanks on the construction yard. 

Fuels and lubricants shall be stored only at designated staging areas. 
Storage of fuel and lubricants in the staging area shall be at least 100 
feet away from the water's edge. Refueling and lubrication of 
equipment shall be restricted to upland areas at least 100 feet away 
from perennial streams and wetlands. 

Contractors shall be required to perform all routine equipment 
maintenance at the staging area and recover and dispose of wastes in 
an appropriate manner. 

Fixed fuel dispensing locations will be provided with secondary 
containment to capture fuel from leaks, drips, and overfills. 

Temporary liners, berms, or dikes (secondary containment) shall be 
constructed around the aboveground bulk tanks, providing 110 
percent containment volume of the largest storage tank or trailer 
within the containment structure, so that potential spill materials shall 
be contained and collected in specified areas. Tanks shall not be 
placed in areas subject to periodic flooding or washout. 

Drivers of tank trucks are responsible for safety and spill prevention 
during tank truck unloading. Procedures for loading and unloading 
tank trucks shall meet the minimum requirements established by the 
Department of Transportation. 

Drivers of tank trucks are responsible for setting brakes and chocking 
wheels prior to off loading. Warning signs requiring drivers to set 
brakes and chock wheels shall be displayed at all tanks. Proper 
grounding of equipment shall be undertaken during fuel transfer 
operations. Drivers shall observe and control the fueling operations at 
all times to prevent overfilling the temporary tank. 

Prior to departure of any tank truck, all vehicle outlets shall be 
examined closely by the driver for leakage, tightened, adjusted or 
replaced to prevent leakage while in transit. 

A supply of sorbent and barrier materials sufficient to allow the rapid 
containment and recovery of spills shall be maintained at each 
construction staging area. Sorbent and barrier materials shall also be 
utilized to contain runoff from contaminated areas. 

Shovels and drums shall be kept at each of the individual staging 
areas. In the event that small quantities of soil become contaminated, 
shovels shall be utilized to collect the soil and the material shall be 
stored in 55-gallon drums. Large quantities of contaminated soil may 
be bio-remediated on site or disposed in an approved landfill, subject 
to government approval, or collected utilizing heavy equipment, and 
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stored in drums or other suitable containers prior to disposal. Should 
contamination occur adjacent to staging areas as a result of runoff, 
shovels or heavy equipment shall be utilized to collect the 
contaminated material. Contaminated soil shall be disposed of in 
accordance with state and federal regulations. 

Temporary aboveground tanks shall be subject to visual inspection on 
a monthly basis and when the tank is refilled. Inspection records shall 
be maintained. Operators shall routinely keep tanks under close 
surveillance and potential leaks or spills shall be quickly detected. 

Visible fuel leaks shall be reported to the Contractors' designated 
representative and corrected as soon as conditions warrant. 
Keystone's designated representative shall be informed. 

Drain valves on temporary tanks shall be locked to prevent accidental 
or unauthorized discharges from the tank. 

Oil and other hazardous materials stored in 350-gallon totes, 55-
gallon drums, 5-gallon pails, smaller retail-size containers or other 
portable containers will be staged or stored in areas with a secondary 
temporary containment structure. Secondary containment structures 
may consist of temporary earthen berms with a chemical resistant 
liner, or a portable containment system constructed of steel, PVC, or 
other suitable material. The secondary containment structure will be 
capable of containing 110 percent of the volume of material stored in 
these areas. 

Keystone may allow modification of the above specifications as 
necessary to accommodate specific situations or procedures. Any 
modifications must comply with all applicable regulations and permits. 

3.1.2 Construction Right-of-Way 

The Contractor will ensure that all equipment is free of leaks prior to use 
on the Project and prior to entering or working in or near waterbodies or 
wetlands. Throughout construction, the Contractor will conduct regular 
maintenance and inspections of the equipment to reduce the potential for 
spills or leaks. 

Rubber-tired vehicles (pickup trucks, buses) normally shall refuel at the 
construction staging areas or commercial gas stations. Tracked 
machinery (backhoes, bulldozers) shall be refueled and lubricated on the 
construction right-of-way. Equipment maintenance shall be conducted in 
staging areas when practical. When impractical, repairs to equipment 
can be made on the construction right-of-way when approved by 
Keystone's representative. 

Each fuel truck that transports and dispenses fuel to construction 
equipment or Project vehicles along the construction ROW or within 
equipment staging and material areas shall carry an oil spill response kit 
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and spill response equipment onboard at all times. In the event that 
response materials are depleted through use or their condition is 
deteriorated through age, the materials will be replenished prior to placing 
the fueling vehicle back into service. 

The following preventive measures apply to refueling and lubricating 
activities on the construction right-of-way: 

Construction activities shall be conducted to allow for prompt and 
effective cleanup of spills of fuel and other hazardous materials. Each 
construction crew, including cleanup crews shall have on hand 
sufficient tools and material to stop leaks and supplies of absorbent 
and barrier materials to allow rapid containment and recovery of 
spilled materials. Crew members must know and follow the procedure 
for reporting spills. 

Refueling and lubricating of construction equipment shall be restricted 
to upland areas at least 100 feet away from pereAAial-streams and 
wetlands. Where this is not possible (e.g., trench dewatering pumps), 
the equipment shall be fueled by designated personnel with special 
training in refueling, spill containment, and cleanup. The 
Environmental Inspector shall ensure that signs are installed 
identifying restricted areas. 

No fuel, oil or hazardous material storage, staging, or transfer other 
than refueling will occur within 100 feet of any storm drain, drop inlet, 
or high consequence area (HCA). 

Spent oils, lubricants, filters, etc. shall be collected and disposed of at 
an approved location in accordance with state and federal regulations. 

Equipment shall not be washed in streams. 

Stationary equipment will be placed within a secondary containment if 
it will be operated or require refueling within 100 feet of a wetland or 
waterbody boundary. 

Keystone may allow modification of the above specifications as 
necessary to accommodate specific situations or procedures. Any 
modifications must comply with all applicable regulations and permits. 

3.2 Contingency Plans 

The Contractor shall develop emergency response procedures for all incidents 
(e.g., spills, leaks, fires) involving hazardous materials which could pose a threat 
to human health or the environment. The procedures shall address activities in 
all work areas, as well as during transport to and from the construction right-of
way and to any disposal or recycling facility. 

3.3 Equipment 
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The Contractor shall retain emergency response equipment in all areas where 
hazardous materials are handled or stored. This equipment shall be readily 
available to respond to a hazardous material emergency. Such equipment shall 
include, but not be limited to, the following: 

first aid supplies; 

phone or communications radio; 

protective clothing (Tyvek suit, gloves, goggles, boots); 

hand-held fire equipment; 

absorbent material and storage containers; 

non-sparking bung wrench and shovel; and 

brooms and dust pan. 

Hazardous material emergency equipment shall be carried in all mechanic and 
supervisor vehicles. This equipment shall include, at a minimum: 

first aid supplies; 

phone or communications radio; 

2 sets of protective clothing (Tyvek suit, gloves, goggles, boots); 

1 non-sparking shovel; 

6 plastic garbage bags (20 gallon); 

10 absorbent socks and spill pads; 

Hand-held fire extinguisher; 

barrier tape; and 

2 orange reflector cones. 

Fuel and service trucks shall carry a minimum of 20 pounds of suitable 
commercial sorbent material. 

The Contractor shall inspect emergency equipment weekly, and service and 
maintain equipment regularly. Records shall be kept of all inspections and 
services. 

3.4 Emergency Notification 

Emergency notification procedures between the Contractor and Keystone shall 
be established in the planning stages of construction. A Keystone representative 
shall be identified to serve as contact in the event of a spill during construction 
activities. In the event of a spill meeting government reporting criteria, the 
Contractor immediately shall notify the Keystone representative who, in turn, 
shall notify the appropriate regulatory agencies. 

(01718017.l}TRANSCANADA KEYSTONE PIPELINE, L.P. 16 November, 2008 
Rev. I 

020398



CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

Any material released into water that creates a sheen must be reported 
immediately to Keystone. The Contractor is required to notify Keystone 
immediately if there is any spill of oil, oil products, or hazardous materials that 
reaches a wetland or waterbody. Incidents on public highways shall be reported 
to Keystone and the appropriate agencies by Keystone. 

If a spill occurs on navigable waters of the United States, Keystone shall notify 
the National Response Center (NRC) at 1-800-424-8802. For spills that occur on 
public lands, into surface waters, or into sensitive areas, the appropriate 
governmental agency's district office also shall be notified. 

3.5 Spill Containment and Countermeasures 

In the event of a spill of hazardous material, Contractor personnel shall: 

notify the appointed Keystone representative; 

identify the product hazards related to the spilled material and implement 
appropriate safety procedures, based on the nature of the hazard; 

control danger to the public and personnel at the site; 

implement spill contingency plans and mobilize appropriate resources and 
manpower; 

isolate or shutdown the source of the spill; 

block manholes or culverts to limit spill travel; 

initiate containment procedures to limit the spill to as small an area as 
possible to prevent damage to property or areas of environment concern 
(e.g., watercourses); and 

commence recovery of the spill and cleanup operations. 

When notified of a spill, the Keystone representative shall immediately ensure 
that: 

Action is taken to control danger to the public and personnel at the site. 

Spill contingency plans are implemented and necessary equipment and 
manpower are mobilized. 
Measures are taken to isolate or shutdown the source of the spill. 

All resources necessary to contain, recover and clean up the spill are 
available. 

Any resources requested by the Contractor from Keystone are provided. 

The appropriate agencies are notified. For spills which occur on public lands, 
into surface waters or into sensitive areas, the appropriate federal or state 
managing office shall also be notified and involved in the incident. 
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For a land spill, berms shall be constructed with available equipment to physically 
contain the spill. Personnel entry and travel on contaminated soils shall be 
minimized. Sorbent materials shall be applied or, if necessary, heavily 
contaminated soils shall be removed to an approved facility. Contaminated 
sorbent materials and vegetation shall also be disposed of at an approved 
facility. 
For a spill threatening a waterbody, berms or trenches shall be constructed to 
contain the spill prior to entry into the waterbody. Deployment of booms, 
skimmers, and sorbent materials shall be necessary if the spill reaches the water. 
The spilled product shall be recovered and the contaminated area shall be 
cleaned up in consultation with spill response specialists and appropriate 
government agencies. 

4.0 UPLANDS (AGRICULTURAL, FOREST, PASTURE, RANGE AND GRASS 
LANDS) 

4.1 Interference with Irrigation Systems 

If existing irrigation systems (flood irrigation, ditch irrigation, pivot, wheel, or other 
type of spray irrigation systems), irrigation ditches, or sheet flow irrigation shall 
be impacted by the construction of the pipeline, the following mitigative measures 
shall be implemented unless otherwise approved or directed by Keystone: 

If it is feasible and mutually acceptable to Keystone and the landowner or 
landowner's designate, temporary measures shall be implemented to allow 
an irrigation system to continue to operate across land on which the pipeline 
is being constructed. 

If the pipeline or temporary work areas intersect an operational (or soon to be 
operational) pivot or other spray irrigation system, Keystone shall establish 
with the landowner or landowner's designate an acceptable amount of time 
the irrigation system may be out of service. If an irrigation system interruption 
results in crop damages, either on the pipeline construction right-of-way or off 
the construction right-of-way, the landowner shall be compensated 
reasonably for all such crop damages. 

If the pipeline or temporary work areas intersect an operational sheet flow 
irrigation system, Keystone shall establish with the landowner or landowner's 
designate an acceptable amount of time the irrigation system may be out of 
service. If an irrigation system interruption results in crop damages, either on 
the pipeline construction right-of-way or off the construction right-of-way, the 
landowner shall be compensated reasonably for all such crop damages. 

Irrigation ditches that are active at the time of construction shall not be 
stopped or obstructed except for the length of time to install the pipeline 
beneath the ditch (typically, one day or less) unless otherwise approved or 
directed by Keystone. 

4.2 Clearing 
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The objective of clearing is to provide a clear and unobstructed right-of-way for 
safe and efficient construction of the pipeline. The following mitigable measures 
shall be implemented: 

Construction traffic shall be restricted to the construction right-of-way, existing 
public roads, and approved private roads. 

Construction right-of-way boundaries including pre-approved temporary 
workspace shall be clearly staked to prevent disturbance to unauthorized 
areas. 

If crops are present, they shall be mowed or disced to ground level unless an 
agreement is made for the landowner to remove. 

Burning is prohibited on cultivated land. 

Construction right-of-way at timber shelterbelts in agricultural areas shall be 
reduced to the minimum necessary to construct the pipeline. 

4.3 Topsoil Removal and Storage 

The objective of topsoil handling is to maintain topsoil capability by conserving 
topsoil for future replacement and reclamation and to minimize the degradation of 
topsoil from compaction, rutting, loss of organic matter, or soil mixing so that 
successful reclamation of the right-of-way can occur. The following mitigative 
measures shall be implemented during topsoil removal and storage unless 
otherwise approved or directed by Keystone based on site-specific conditions or 
circumstances. All work shall be conducted in accordance with applicable 
permits. 

_• _In areas designated for topsoil segregationcultivated and agricultural lands, the 
actual depth of the topsoil, to a maximum depth of 12 inches, will be stripped from: 

.Q__ The area excavated above the pipeline;_gr 

.Q__ The area above the pipeline plus the spoil storage; or 

o The area above the pipeline plus the working side: or 

-e-Entire ROW 

as required by applicable permit agreements with the landowner or as dictated by 
site-specific conditions. 

Stripped topsoil is to be stockpiled in a windrow along the edge of the right-of
way. The Contractor shall perform work in a manner to minimize the potential 
for subsoil and topsoil to be mixed. 
Under no circumstances shall the Contractor use topsoil to fill a low area. 

If required due to excessively windy conditions, topsoil piles shall be tackified 
using either water or a suitable tackifier (liquid mulch binder). 

Gaps in the rows of topsoil will be left in order to allow drainage and prevent 
ponding of water adjacent to or on the right-of-way. 
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Topsoil shall not be utilized to construct ramps at road or waterbody 
crossings. 

• In areas with defined saline or sodic soil concerns. a triple-ditch method will 
be used to segregate problem soils as indicated in Detail 67 and 67A. 

• If frozen topsoil conditions are encountered during winter construction, 
specialized construction equipment (i.e. ripping. frozen topsoil cutter. road 
reclaimer. etc) may be required to adequately segregate and conserve 
topsoil resources. 

4.4 Grading 

The objective of grading is to develop a right-of-way that allows the safe passage 
of equipment and meets the bending limitations of the pipe. The following 
mitigative measures shall be implemented during grading unless otherwise 
approved or directed by Keystone based on site-specific conditions or 
circumstances. However, all work shall be conducted in accordance with 
applicable permits. 

All grading shall be undertaken with the understanding that original contours 
and drainage patterns shall be re-established to the extent practicable .. 

Agricultural areas that have terraces shall be surveyed to establish pre
construction contours to be utilized for restoration of the terraces after 
construction. 

On steep slopes, or wherever erosion potential is high, temporary erosion 
control measures shall be implemented. 

Bar ditches adjacent to existing roadways to be crossed during construction 
shall be adequately ramped with grade or ditch spoil to prevent damage to 
the road shoulder and ditch. 

Where the construction surface remains inadequate to support equipment 
travel, timber mats, timber riprap, or other method shall be used to stabilize 
surface conditions. 

The Contractor shall limit the interruption of the surface drain network in the 
vicinity of the right-of-way using the appropriate methods: 

providing gaps in the rows of subsoil and topsoil in order to prevent any 
accumulation of water on the land; 

preventing obstructions in furrows, furrow drains, and ditches; 

installing flumes and ramps in furrows, furrow drains, and ditches to facilitate 
water flow across the construction right-of-way and allow for construction 
equipment traffic; and 
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installing flumes over the trench for any watercourse where flow is continuous 
during construction. 

4.5 Temporary Erosion and Sediment Control 

4.5.1 General 

Temporary erosion and sediment control measures shall be installed 
immediately after initial disturbance of the soil, maintained throughout 
construction (on a daily basis), and reinstalled as necessary until 
replaced by permanent erosion control structures or restoration of the 
construction right-of-way is complete. 

Specifications and configurations for erosion and sediment control 
measures may be modified by Keystone as necessary to suit actual site 
conditions. However, all work shall be conducted in accordance with 
applicable permits. 

The Contractor shall inspect all temporary erosion control measures at 
least daily in areas of active construction or equipment operation, weekly 
in areas with no construction or equipment operation, and within 24 hours 
of each significant rainfall event of 0.5 inches or greater. The Contractor 
shall repair all ineffective temporary erosion control measures as 
expediently as practicable. 

4.5.2 Sediment Barriers 

Sediment barriers shall be constructed of silt fence, staked hay or straw 
bales, compacted earth (e.g., drivable berms across travel lanes), sand 
bags, or other appropriate materials. 

The Contractor shall install sediment barriers in accordance with Details 1 
and 2 or as otherwise approved or directed by Keystone. The Contractor 
is responsible for properly installing, maintaining, and replacing temporary 
and permanent erosion controls throughout construction and cleanup. In 
wetland or riparian zones, the Contractor will install sediment control 
structures along the construction right-of-way edges prior to vegetation 
removal where practicable. The aforementioned sediment barriers may 
be used interchangeably or together depending on site-specific 
conditions. In most cases, silt fence shall be utilized where longer 
sediment barriers are required. 

Sediment barriers shall be installed below disturbed areas where there is 
hazard of offsite sedimentation. These areas include: 

the base of slopes adjacent to road crossings; 

the edge of the construction right-of-way adjacent to and upgradient of 
a roadway, flowing stream, spring, wetland, or impoundment; 
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trench or test water discharge locations where required; 

where waterbodies or wetlands are adjacent to the construction right
of-way; (the Contractor shall install sediment barriers along the edge 
of the construction right-of-way as necessary to contain spoil and 
sediment within the construction right-of-way) 
across the entire construction right-of-way at flowing waterbody 
crossings; 

right-of-way immediately upslope of the wetland boundary at all 
standard (saturated or standing water) wetland crossings as 
necessary to prevent sediment flow into the wetland; (Sediment 
control barriers are not required at "dry" wetlands.) 

along the edge of the construction right-of-way within standard 
(saturated or standing water) wetland boundaries as necessary to 
contain spoil and sediment within the construction right-of-way. 
Sediment control barriers are not required at "dry" wetlands (Detail 8). 

Sediment barriers placed at the toe of a slope shall be set a sufficient 
distance from the toe of the slope, if possible, in order to increase 
ponding volume. 

Sediment control barriers shall be placed so as not to hinder construction 
operations. If silt fence or straw bale sediment barriers (in lieu of 
driveable berms) are placed across the entire construction right-of-way at 
waterbodies, wetlands, or upslope of roads, a provision shall be made for 
temporary traffic flow through a gap for vehicles and equipment to pass 
within the structure. Immediately following each day's shutdown of 
construction activities, a row of straw bales or a section of silt fence shall 
be placed across the upgradient side of the gap with sufficient overlap at 
each end of the barrier gap to eliminate sediment bypass flow, followed 
by bales tightly fitted to fill the gap. Following completion of the 
equipment crossing, the gap shall be closed using silt fence or straw bale 
sediment barrier. 

The Contractor shall maintain straw bale and silt fence sediment barriers 
by removing collected sediment and replacing damaged bales. Sediment 
shall be removed and placed where it shall not reenter the barrier when 
sediment loading is greater than 40 percent or if directed by Keystone. If 
straw bale filters cannot be cleaned out due to access problems, the 
Contractor shall place a new row of sediment barriers upslope. 

The Contractor shall use mulch and straw bales that are free of noxious 
weeds. Mulch or straw bales that contain evidence of noxious weeds or 
other undesirable species shall be rejected by the Contractor. 

The Contractor shall remove sediment barriers, except those needed for 
permanent erosion and sediment control, during clean up of the 
construction right-of-way. 
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4.5.3 Trench Plugs 

The Contractor shall use trench plugs at the edge of flewifl§-waterbody 
and wetland crossings aFlfl-.at the direction of the Environmental 
lnspectoredge of wetlands with standing water to prevent diversion of 
water into upland portions of the pipeline trench and to keep any 
accumulated trench water out of the waterbody. Trench plugs shall be of 
sufficient size to withstand upslope water pressure. 

4.5.4 Temporary Slope Breakers (Water Bars) 

The Contractor shall install temporary slope breakers on slopes greater 
than 5% on all disturbed lands at the following recommended spacing: 

Slope(%) 
5-15 

>15 - 30 
>30 

Spacing (feet) 
300 
200 
100 

The gradient of each slope breaker shall be 2 to 4 percent. 

If so directed by the landowner, the Contractor may not install temporary 
slope breakers (water bars) in cultivated land. 

Temporary slope breakers shall be constructed of soil, silt fence, staked 
straw bales, sand bags, or similar materials authorized by Keystone. 

The Contractor shall direct the outfall of each temporary slope breaker to 
a stable, well-vegetated area or construct an energy-dissipating device at 
the end of the slope breaker and off the construction right-of-way as 
permitted in the landowner agreement as shown in Detail 3. The outfall 
of each temporary slope breaker shall be installed to prevent sediment 
discharge into wetlands, waterbodies, or other sensitive resources. 

Specifications and configurations for temporary slope breakers may be 
modified by Keystone as necessary to suit actual site conditions. 
However, all work shall be conducted in accordance with applicable 
permits. 

4.5.5 Drainage Channels or Ditches 

Drainage channels or ditches shall be used on a limited basis to provide 
drainage along the construction right-of-way and toe of cut slopes as well 
as to direct surface runoff across the construction right-of-way or away 
from disturbances and onto natural undisturbed ground. Channels or 
ditches shall be constructed by the Contractor during grading operations. 
Where there is inadequate vegetation at the channel or ditch outlet, 
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sediment barriers, check berms, or other appropriate measures shall be 
used to control erosion. 

4.5.6 Temporary Mulching and Cover Crops 

Unless otherwise directed by Keystone, the Contractor shall apply 
temporary seed and/or mulch on disturbed construction work areas that 
have been inactive for one month or are expected to be inactive for a 
month or more. The Contractor shall not apply temporary mulch in 
cultivated areas unless specifically requested by the landowner or in 
areas particularly prone to erosion.7 The Contractor shall not apply mulch 
within wetland boundaries. 

Temporary mulch of straw or equivalent applied on slopes shall be spread 
uniformly to cover at least 75 percent of the ground surface at an 
approximate rate of 2 tons per acre of straw or its equivalent. Mulch 
application on slopes within 100 feet of waterbodies and wetlands shall 
be increased to an approximate rate of 3 tons per acre. 

All seed that is used as a temporary cover crop will be approved and/or 
provided by Kevstone. 

4.5.7 Tackifier 

When wetting topsoil piles with water does not prevent wind erosion, the 
Contractor shall temporarily suspend topsoil handling operations and 
apply a tackifier to topsoil stockpiles at the rate recommended by the 
manufacturer. The type of Tackifier will be approved by Keystone. 

Should construction traffic, cattle grazing, heavy rains, or other related 
construction activity disturb the tackified topsoil piles and create a 
potential for wind erosion, additional tackifier shall be applied by the 
Contractor. 

4.6 Stringing 

The objective of stringing is to place the line pipe along the construction right-of
way for bending and welding in an expedient and efficient manner. 

The Contractor shall utilize one or more of the following mitigative measures as 
applicable and when necessary to reduce compaction on the working side of the 
right-of-way or as directed by Keystone. However, all work shall be conducted in 
accordance with applicable permits. 

prohibiting access by certain vehicles; 

using only machinery possessing low ground pressure (tracks or extra-wide 
tires); 

limiting access and thus minimizing the frequency of all vehicle traffic; 
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digging ditches to improve surface drainage; 

using timber riprap, matting, or geotextile fabric overlain with soil; and 

stopping construction for a period of time. 

4.7 Trenching 

The objective of trenching is to provide a ditch of sufficient depth and width with a 
bottom to continuously support the pipeline. During trenching operations, the 
following mitigative measures shall be implemented unless otherwise approved 
or directed by Keystone based on site-specific conditions or circumstances. All 
work shall be conducted in accordance with applicable permits. 

Where required. subsoi1Su9wil shall be segregated from topsoil in separate, 
distinct rows with a separation that shall limit any admixing of topsoil and 
subsoil during handling. 

" Triple ditch soil handling will be completed at sites identified by Keystone 
according to Detail 67 and 67A to prevent soil degradation. 

Gaps must be left in the spoil piles that coincide with breaks in the strung pipe 
to facilitate natural drainage patterns and to allow the passage of livestock or 
wildlife. 

Trenching operations shall be followed as closely as practicable by lower in 
and backfill operations to minimize the length of time the ditch is open. 

Construction debris (e.g., welding debris) and other garbage shall not be 
deposited in the ditch. 

o If trenching. pipe installation and backfill operations take place during frozen 
soil conditions. final clean-· up (including additional trench compaction. 
subsoil feathering. final contouring and topsoil replacement) will be delayed 
until the subsoil and topsoil thaw completely the following spring/summer. A 
pronounced subsoil berm will be left over the trenchline until final clean-up 
takes place to account for settlement of thawing backfill. Gaps will be left in 
the berm to maintain cross-ROW drainage 

The Contractor shall prepare a blasting plan that is applicable to any locations 
where blasting will be necessary adjacent to existing high pressure pipelines, 
overhead or underground utilities, farm operations, or public crossings. The 
Contractor and its blasting supervisor shall be thoroughly familiar with and 
comply with the rules and regulations of Occupational Safety and Health 
Administration (OSHA) and all federal, state, county and local regulations 
governing blasting operations. Keystone will file the blasting plan with applicable 
state or local jurisdictions, where required. Excavation and blasting along the 
ROW may uncover paleontological resources of scientific value. Keystone will 
consult with the appropriate regulatory agencies in each state on the applicability 
and requirements for Paleontological Resource Protection Plans. Keystone will 
prepare and file plans addressing vertebrate fossils with any respective states, as 
required. 
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Should blasting be necessary for removal of rock, the following mitigative 
measures may be implemented: 

The Contractor shall use non-electric initiation systems for all blasting 
operations. If required by the blasting plan, blasting will be monitored for 
vibration levels and peak particle velocity. This work shall be performed by a 
third-party vibration monitoring consultant hired by and reporting to the 
Constructor Representative. The Contractor shall arrange for detonations to 
be carried out in cooperation with this consultant. 

Prior to using explosives, the Contractor shall advise residents of the 
immediate area, in order to prevent any risk of accidents or undue 
disturbances. 

No blasting shall be done without approval of the Constructor 
Representative. Prior to any detonation of explosives in the vicinity of a 
loaded line, dwelling, structure, overhead or underground utility, farm 
operation, or public crossings, a minimum of 48 hours notice shall be given to 
the Constructor Representative, in order that the appropriate people can be 
notified and the upstream and downstream mainline valves can be staffed. 

The Contractor shall obtain all necessary permits and shall comply with all 
legal requirements in connection with the use, storage, and transportation of 
explosives. 

Blasting mats or subsoil may be piled over the trench line to prevent rock 
from being blown outside the construction right-of-way. 

Each blasting location shall be cleared and cleaned up before and after all 
blasting operations. 

Blasting shall be carried out during regular, daylight working hours. 

The Contractor shall at all times protect his workers and the public from any 
injury or harm that might arise from drilling dust and the use of explosives. 

Only workers thoroughly experienced in handling explosives shall be 
permitted to supervise, handle, haul, load or shoot explosives. In those 
jurisdictions where the licensing of blasters is mandatory, the Contractor shall 
provide the Constructor Representative with proof of the required certification 
for every person so required. 

The drilling pattern shall be set in a manner to achieve smaller rock 
fragmentation (maximum 1 foot in diameter) in order to use as much as 
possible of the blasted rock as backfill material after the pipe has been 
padded in accordance with the specifications. 

Blasting testing of surface-water resources and water wells within 150 feet of 
the centerline will be performed in compliance with all applicable permits. 

4.7.1 Trench Dewatering/Well Points 
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The Contractor shall make all reasonable efforts to discharge trench 
water in a manner that avoids damage to adjacent agricultural land, 
crops, and pasture. Damage includes, but is not limited to, the inundation 
of crops for more than 24 hours, deposition of sediment in ditches, and 
the deposition of gravel in fields or pastures. 

If trench dewatering is necessary in an area where salt damage to 
adjacent crops is evident, the Environmental Inspector shall conduct a 
field conductivity test on the trench water before it is discharged. If the 
conductivity of the trench water is determined to potentially affect soil 
quality, it shall not be discharged to areas where salt damage to crops is 
evident, but shall be directed as feasible so that water flows over a well 
vegetated, non-cropland area or through an energy dissipater and 
sediment barrier~~El-te-ReaFBy-ElitGl:lB&-Of-l:lfaGk.isfl...wet-la-REls-er 
waterbodies. 

When pumping water from the trench for any reason, the Contractor shall 
ensure that adequate pumping capacity and sufficient hose is available to 
permit dewatering as follows: 

No heavily silt-laden trench water shall be allowed to enter a 
waterbody or wetland directly but shall instead be diverted through a 
well vegetated area, a geotextile filter bag, or a permeable berm 
(straw bale or Keystone approved equivalent). 

Trench water shall not be disposed of in a manner which could 
damage crops or interfere with the functioning of underground 
drainage systems. 

The Contractor shall screen the intake hose and keep the hose either one 
foot off the bottom of the trench or in a container to minimize entrainment 
of sediment. 

4.8 Welding, Field Joint Coating, and Lowering In 

The objectives of welding, field joint coating, and lowering in are to provide 
continuous segments of pipeline, to provide corrosion protection to the weld 
areas of the pipeline, and to place the pipeline in the center of the trench, without 
stress, at the required depth of cover. The following mitigative measures shall be 
followed during pipe welding, field joint coating, and lowering in, unless otherwise 
specified by Keystone in response to site-specific conditions or circumstances. 
All work shall be conducted in accordance with applicable permits. 

Shavings produced during beveling of the line pipe are to be removed 
immediately following this operation to ensure that livestock and wildlife do 
not ingest this material. When welding operations create a continuous line of 
pipe that may be left in the right-of-way for an extended period of time due to 
construction or weather constraints, a gap in the welded pipe shall be 
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provided to allow for access at farm road crossings and for passage of 
livestock and wildlife. 

Prior to the application of epoxy powder, urethane epoxy, or other approved 
pipe coatings, a tarp shall be placed underneath the pipe in wetlands to 
collect any overspray of epoxy powder and liquid drippings. Excess powder, 
liquid, or other hazardous materials (e.g. brushes, rollers, gloves) shall be 
continuously collected and removed from the construction right-of-way and 
disposed of in a manner appropriate for these materials. 

4.9 Padding and Backfilling 

The objective of padding and backfilling is to cover the pipe with material that is 
not detrimental to the pipeline and pipeline coating. The following mitigative 
measures shall be utilized during backfilling, unless otherwise approved or 
directed by Keystone based on site-specific conditions or circumstances. All 
work shall be conducted in accordance with applicable permits. 

Excessive water accumulated in the trench shall be eliminated prior to 
backfilling. 

In the event it becomes necessary to pump water from open trenches, the 
Contractor shall pump the water and discharge it in accordance with the 
requirements of the Stormwater Pollution Prevention Plan (SWPPP) in order 
to avoid damaging adjacent areas.agricultural land, crops, and pasture. 
Detail 5 and Detail 6 provide typical examples of dewatering structures. 

If it is impossible to avoid water-related damages (including inundation of 
crops for more than 24 hours, deposition of sediment in ditches and other 
water courses, and the deposition of gravel in fields, pastures, and any water 
courses), Keystone shall reasonably compensate the landowners for the 
damage and/or shall correct the damage so as to restore the land, crops, 
pasture, water courses, etc. to their pre-construction condition. 
All pumping of water shall comply with existing drainage laws and local 
ordinances relating to such activities and provisions of the Clean Water Act. 

Prior to backfilling, all drain tile shall be permanently repaired, inspected, and 
the repair documented as described in Section 5.5. 

Prior to backfilling, trench breakers shall be installed on slopes where 
necessary to minimize the potential for water movement down the ditch and 
potential subsequent erosion. 

During backfill, the stockpiled subsoil shall be placed back into the trench 
before replacing the topsoil. 

Topsoil shall not be utilized for padding the pipe. 

Backfill shall be compacted to a minimum of 90% of pre-existing conditions 
where the trench line crosses tracks of wheel irrigation systems (pivots). 
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To reduce the potential for ditch line subsidence, spoil shall be replaced and 
compacted by backhoe bucket or by the wheels or tracks of equipment 
traversing down the trench. 

The lesser of 4 feet or the actual depth of topsoil cover, shall not be backfilled 
with soil containing rocks of any greater concentration or size than existed 
prior to pipeline construction in the pipeline trench, bore pits, or other 
excavations. 

4.10 Cleanup 

The objective of cleanup activities shall be to prepare the right-of-way and other 
disturbed areas to approximate pre-activity ground contours where appropriate 
and to replace spoil and stockpiled material in a manner which preserves soil 
capability and quality to a degree reasonably equivalent to the original or that of 
representative undisturbed land. The following mitigative measures shall be 
utilized during cleanup, unless otherwise approved or directed by Keystone 
based on specific conditions or circumstances. All work shall be conducted in 
accordance with applicable permits. 

Cleanup shall occur immediately following backfilling operations when 
weather or seasonal conditions allow. 

All garbage and construction debris (e.g., lathing, ribbon, welding rods, pipe 
bevel shavings, pipe spacer ropes, end caps, pipe skids) shall be collected 
and disposed of at approved disposal sites. 

The right-of-way shall be re-contoured with spoil material to approximate pre
construction contours and as necessary to limit erosion and subsidence. 
Loading of slopes with unconsolidated spoil material shall be avoided during 
slope re-contouring. Topsoil shall be replaced after re-contouring of the 
grade with subsoil. The topsoil shall be replaced on the subsoil storage area 
and over the trench so that after settling occurs, the topsoil's approximate 
original depth and contour (with an allowance for settling) shall be achieved. 

Where topsoil has been segregated. subsoil~ii shall not be permanently 
placed on top of topsoil. 

Surface drainage shall be restored and re-contoured to conform to the 
adjacent land drainage system. 

Erosion control structures such as permanent slope breakers and cross 
ditches shall be installed on steep slopes where necessary to control erosion 
by diverting surface run-off from the right-of-way to stable and vegetated off 
right-of-way areas. 

During cleanup, temporary sediment barriers such as silt fence and hay bale 
diversions will be removed; accumulated sediment will re-contoured with the 
rest of the ROW; and permanent erosion controls will be installed as 
necessary. 

{01718017.l}TRANSCANADA KEYSTONE PIPELINE, L.P. 29 November, 2008 
Rev. I 

020411



CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

After construction, all temporary access shall be returned to prior construction 
conditions unless specifically agreed with the landowner or otherwise 
specified by Keystone. 

Warning signs, aerial markers, and cathodic protection test leads shall be 
installed in locations in compliance with U.S. Federal code and in locations 
that shall not impair farming operations where practicable.and are acceptaB!e 
to the landowner. 

All bridges, fences and culverts existing prior to construction shall be restored 
to meet or exceed approximate pre-construction conditions. Caution shall be 
utilized when re-establishing culverts to ensure that drainage is not improved 
to a point that would be detrimental to existing waterbodies and wetlands. 

All temporary gates installed during construction shall be replaced with 
permanent fence unless otherwise requested by the landowner. 

4.11 Reclamation and Revegetation 

The objectives of reclamation and revegetation are to return the disturbed areas 
to approximately pre-construction use and capability. This involves the treatment 
of soil as necessary to preserve approximate pre-construction capability and the 
stabilization of the work surface in a manner consistent with the initial land use. 

The following mitigative measures will be utilized unless otherwise approved or 
directed by Keystone based on site specific conditions or circumstances. 
However, all work shall be conducted in accordance with applicable permits. 

4.11.1 Relieving Compaction 

Compaction will typically be relieved in subsoils that have received substantial 
construction traffic. as determined by Keystone. prior to replacing and 
respreading topsoil. Compaction will typically not be relieved in topsoils that 
have been left in place and that have not been driven on. Any rock that is 
brought to the surface during decompaction activities will be removed until the 
quantity, size. and distribution of rock is equivalent to that found on adjacent 
land as determined by the Environmental Inspector. Compaction will typically 
be relieved as follows: 

Compacted cropland compacted shall be ripped a minimum of 3 
passes at least 18 inches deep and all pasture shall be ripped or 
chiseled a minimum of three passes at least 12 inches deep before 
replacing topsoil. 

Areas of the construction right-of-way that were stripped for topsoil 
salvage shall be ripped a minimum of 3 passes (in cross patterns, as 
practical) prior to topsoil replacement. The approximate depth of 
ripping shall be 18 inches (or a lesser depth if damage may occur to 
existing drain tile systems). After ripping, the subsoil surface shall be 
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graded smooth and any subsoil clumps broken up (disc and harrow) 
in an effort to avoid topsoil mixing. 

The de-compacted construction right-of-way shall be tested by the 
Contractor at regular intervals for compaction in agricultural and 
residential areas. Tests shall be conducted on the same soil type 
under similar moisture conditions in undisturbed areas immediately 
adjacent to the right-of-way to approximate pre-construction 
conditions. Penetrometers or other appropriate devices shall be used 
to conduct tests 

Topsoil shall be replaced to pre-existing depths once ripping and 
discing of subsoil is complete up to a maximum of 12 inches. Topsoil 
compaction on cultivated fields shall be alleviated withl::ty cultivation 
methods by the contractor.7 

If there is any dispute between the landowner and Keystone as to 
what areas need to be ripped or chiseled, the depth at which 
compacted areas should be ripped or chiseled, or the necessity or 
rates of lime and fertilizer application, the appropriate NRCS shall be 
consulted by Keystone and the landowner. 

Plowing under of organic matter including wood chips and manure, or planting of 
a green crop such as alfalfa to decrease soil bulk density and improve soil 
structure or any other measures in consultation with the Natural Resource 
Conservation Service (NCRS) shall be considered if mechanical relief of 
compaction is deemed not satisfactory. 

In the first year after construction, Keystone will inspect the ROW to identify 
areas of erosion or settling. Subsequently, Keystone will monitor erosion and 
settling through aerial patrols, which are part of Keystone's Integrity Management 
Plan, and through landowner reporting. Landowner reporting will be facilitated 
through use of Keystone's toll-free telephone number, which will be made 
available to all landowners on the ROW. Landowner reporting also may be 
facilitated through contact with Keystone's field offices. 

Keystone plans to minimize impacts on soil productivity that may result from 
construction activities, but recognizes that some short- to long-term decreases in 
agricultural productivity are possible. Keystone recognizes its responsibility to 
restore agricultural productivity on the pipeline ROW and to compensate 
landowners for demonstrated decreases in productivity that may result from any 
degradation of agricultural soils along the ROW. 

4.11.2 Rock Removal 

RocksOn agricultural land, rocks that are exposed on the surface due 
to construction activity shall be removed from the right-of-way prior to 
and after topsoil replacement This effort will result in an equivalent 
quantity, size and distribution of rocks to that found on adjacent lands~ 
as determined by the Environmental lnspectors.7 
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Clearing of rocks may be carried out with a mechanical rock picker or 
by manual means, provided that preservation of topsoil is assured. 
Rock removed from the right-of-way shall be hauled off the 
landowner's premises or disposed of on the landowner's premises 
at a location that is mutually acceptable to the landowner and to 
Keystone. 

4.11.3 Soil Additives 

If site-specific conditions warrant and if agreed to by the landowner, the 
Contractor shall apply amendments (fertilizer and soil pH modifier 
materials and formulations) commonly used for agricultural soils in the 
area and in accordance with written recommendations from the local soil 
conservation authority, land management agencies, or landowner. 
Amendments shall be incorporated into the normal plow layer as soon as 
possible after application. 

4.11.4 Seeding 

The final seed mix shall be based on input from the local Natural 
Resource Conservation Service and the availability of seed at the time 
of reclamation. The landowner may request specific seeding 
requirements during easement negotiations. 

Certificates of seed analysis are required for all seed mixes to limit the 
introduction of noxious weeds. 

Seed not utilized within 12 months of seed testing shall be approved 
by Keystone prior to use. Seeding shall follow cleanup and topsoil 
replacement as closely as possible. Seed shall be applied to all 
disturbed surfaces (except cultivated fields unless requested by the 
landowner) as indicated on the construction drawings 

If mulch was applied prior to seeding for temporary erosion control, 
the Contractor shall remove and dispose of the excess mulch prior to 
seedbed preparation to ensure that seedbed preparation equipment 
and seed drills do not become plugged with excess mulch; and to 
support an adequate seedbed; and to ensure that seed incorporation 
or soil packing equipment can operate without becoming plugged with 
mulch. 

The Contractor may evenly re apply and anchor (straw crimp) the 
removed temporary mulch on the construction right of way following 
seed~ 

Identified seeding areas shall be seeded as specified by Keystone.at 
a rate appropfial€-for the region an~e reclaimed surface. 
Seeding rates shall be based on pure live seed. 

Weather conditions, construction right-of-way constraints, site access, 
topography and soil type shall influence the seeding method to be 
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used (i.e., drill seeding versus broadcast seeding). All-a!Bi3s-seeeee 
by-the-Gooffi3Btef;-6*€~F-temf)EJFaPf-B~S;-Shall-be-EIJ:ill 

seeeee-uAle&s-#le-R@H-t-0f-way-fs-too-steef)-te-faGil+tate-OO!l-seeElffi~ 

Temporary cover crop seed shall be broadcast. 

The Contractor shall delay seeding as directed by Keystonenecessar1' 
until the soil is in the appropriate condition for er~ll-seeding. 

The Contractor shall use a Truax brand or Keystone approved 
equivalent-type drill seeder equipped with a cultipacker designed and 
equipped to apply grass and grass-legume seed mixtures with 
mechanisms such as seed box agitators to allow even distribution of 
all species in each seed mix, with an adjustable metering mechanism 
to accurately deliver the specified seeding rate and with a mechanism 
such as depth bands to accurately place the seed at the specified 
depth. 

The Contractor shall operate drill seeders at an appropriate speed so 
the specified seeding rate and depth is maintained. as directed by 
Keystone.o 

The Contractor shall calibrate drill seeders so that the specified 
seeding rate is planted. The row spacing on drill seeders shall not 
exceed 8 inches. 

The Contractor shall plant seed at depths consistent with the local or 
regional agricultural practices. 

Broadcast or hydro seeding, used in lieu of drilling, shall utilize NRCS
OOt!Ble-#le-recommended seeding rates. Where seed is broadcast, 
the Contractor shall use a harrow, cultipacker, or other equipment 
immediately following broadcasting to incorporate the seed to the 
specified depth and to firm the seedbed. 

The Contractor shall delay broadcast seeding during high wind 
conditions if even distribution of seed is impeded. 

The Contractor shall hand rake all areas that are too steep or 
otherwise cannot be safely harrowed or cultipacked in order to 
incorporate the broadcast seed to the specified depth. 

Hydro seeding may be used, on a limited basis, where the slope is too 
steep or soil conditions do not warrant conventional seeding methods. 
Fertilizer, where specified, may be included in the seed, virgin wood 
fiber, tackifier, and water mixture. When hydro-seeding, virgin wood 
fiber shall be applied at the rate of approximately 3,000 pounds per 
acre on an air-dry weight basis as necessary to provide at least 75% 
ground cover. Tackifier shall consist of biodegradable, vegetable
based material and shall be applied at the rate recommended by the 
manufacturer. The seed, mulch, and tackifier slurry shall be applied 
so that it forms a uniform, mat-like covering of the ground. 

Keystone shall work with landowners to discourage intense livestock 
grazing of the construction right-of-way during the first growing 
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season by utilization of temporary fencing or deferred grazing, or 
increased grazing rotation frequency. 

4.11.5 Permanent Erosion and Sediment Control 

The Contractor shall restore all existing landowner soil conservation 
improvements and structures disturbed by pipeline construction to the 
approximate pre-construction line and grade. Soil conservation 
improvements and structures include, but are not limited to, grassed 
waterways, toe walls, drop inlets, grade control works, terraces, levees, 
and farm ponds. 

4.11.5.1 Trench Breakers 

The Contractor shall install trench breakers in steep terrain 
where necessary to limit the potential for trench line erosion and 
at the base of slopes adjacent to waterbodies and wetlands. 

Trench breakers shall be constructed of materials such as sand 
bags, sand/cement bags, bentonite bags, or other suitable 
materials by the Contractor (Detail 7). The Contractor shall not 
use topsoil in trench breakers. 

4.11.5.2 Permanent Slope Breakers (Water Bars) 

Permanent slope breakers (water bars) shall be constructed of 
soil or, in some instances, sand bags. 

The Contractor shall construct permanent slope breakers on the 
construction right-of-way where necessary to limit erosion, 
except in cultivated and residential areas. Slope breakers shall 
divert surface runoff to adjacent stable vegetated areas or to 
energy-dissipating devices as shown on Detail 3. In general, 
permanent slope breakers should be installed immediately 
downslope of all trench breakers. Permanent slope breakers 
shall be installed as specified on the construction drawings or 
generally with a minimum spacing as shown on the following 
table: 

Slope(%) 
5 - 15 

>15 - 30 
>30 

Spacing (feet) 
300 
200 
100 

The gradient (fall) for each slope breaker shall be two percent to 
four percent unless otherwise approved by Keystone based on 
site-specific conditions. 

The Contractor shall construct slope breakers to divert surface 
flow to a stable, well-vegetated area. In the absence of a stable 
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area, the Contractor shall construct appropriate energy
dissipating devices at the end of the slope breaker and beyond 
the area disturbed by construction. 

4.11.5.3 Mulching 

The Contractor shall apply mulch on all areas with high erosion 
potential and on slopes greater than 8 percent unless otherwise 
approved by Keystone based on site-specific conditions or 
circumstances. The Contractor shall spread mulch uniformly 
over the area to cover at least 75 percent of the ground surface 
at an approximate rate of 2 tons per acre of straw or its 
equivalent. The Environmental Inspector may reduce the 
application rate or forego mulching an area altogether if there is 
an adequate cover of rock or organic debris to protect the slope 
from erosion. or if annual companion crops have stabilized the 
soil.7 

Mulch application includes straw mulch""'* hydro mulch and 
tackifier or other materials as approved. The Contractor shall 
not apply mulch in cultivated areas unless deemed necessary by 
Keystone. 

The Contractor shall use mulch that is free of noxious weeds. 

The Contractor shall apply mulch immediately following seeding. 
The Contractor shall not apply mulch in wetlands. 

If a mulch blower is used, the majority of strands of the mulching 
material shall not be shredded to less than 8 inches in length to 
allow anchoring. The Contractor shall anchor mulch 
immediately after application to minimize loss by wind and 
water. 

When anchoring (straw crimping) by mechanical means, the 
Contractor shall use a tool specifically designed for mulch 
anchoring with flat, notched disks to properly crimp the mulch to 
a depth of 2 to 3 inches. A regular farm disk shall not be used to 
crimp mulch. The crimping of mulch shall be performed across 
the slope of the ground, not parallel to it. In addition, in areas of 
steep terrain, tracked vehicles may be used as a means of 
crimping mulch (equipment running up and down the hill to leave 
crimps perpendicular to the slope), provided they leave 
adequate coverage of mulch. 

In soils possessing high erosion potential, the Contractor may 
be required to make two passes with the mulch-crimping tool; 
passes must be as perpendicular to the others as possible. 
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When anchoring with liquid mulch binders (tackifiers), the 
Contractor shall use a biodegradable tackifier derived from a 
vegetable-based, organic source. The Contractor shall apply 
mulch binders at rates recommended by the manufacturer. 

The Contractor shall limit the use of tackifiers for anchoring 
straw and the use of hydromulch and tackifier to areas that are 
too steep or rocky to safely or effectively operate mechanical 
mulch-anchoring tools. No asphalt-based tackifiers shall be 
used on the Project. 

4.11.5.4 Erosion Control Matting 

Erosion control matting shall be applied where shown on the 
construction drawings as shown on Detail 4. The Contractor 
shall anchor the erosion control matting with staples or other 
approved devices. 

The Contractor shall use erosion control matting made of 
biodegradable, natural fiber such as straw or coir (coconut fiber). 

The Contractor shall prepare the soil surface and install the 
erosion control matting to ensure it is stable and the matting 
makes uniform contact with the soil of the slope face or stream 
bank with no bridging of rills, gullies, or other low areas. 

4.11.5.5 Riprap and Stream Bank Stabilization 

Disturbed banks of streambeds and waterbodies shall be 
restored to their approximate original contours unless otherwise 
directed. Erosion protection shall be applied as specified in the 
construction drawings. 

Most restored banks will be protected through the use of flexible 
channel liners installed as specified in Detail 19. 

If the original stream bank is excessively steep and unstable 
and/or flow conditions are severe, a more stable final contour 
may be specified and alternate stabilization measures may be 
installed. 

Alternate stabilization measures may consist of rock riprap, bio
stabilization, or engineered structures such as brush layering, 
logwalls, cribwalls, or vegetated geo-grids. See Details 20, 23, 
and 24. 

Stream bank riprap structures shall consist of a layer of stone 
underlain with approved filter fabric or a gravel filter blanket. 
Riprap shall extend from the stabilized streambed to the top of 
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the stream bank. Native rock shall be utilized wherever 
practicable. 

4.11.6 Fences 

Upon completion of all backfilling, cleanup, and restoration, including 
mulching and seeding of the construction right-of-way, permanent repairs 
shall be made to all fences by using either the original material or good 
quality new material similar to existing fences. 

Historic fences shall be carefully reassembled by hand from the original 
material. Where the original material has deteriorated to a state that 
makes it unsalvageable, replacement material similar to the original shall 
be used if possible. 

4.11.7 Farm Terraces 

Keystone will work with landowners and farm service agencies to ensure 
restoration of farm terraces to their pre-construction function. Keystone 
may elect to negotiate a fair settlement with the landowner to employ a 
local land leveling contractor to restore the terrace. 

Before any groundwork is performed in areas with farm terraces, 
Keystone will conduct a civil survey and photograph each terrace from 
two to three perspectives to document the location and contours of each 
terrace. Both the channel contour and the terrace berm will be surveyed 
within the construction right-of-way and up to 100 feet on either side of 
the ROW boundaries. The pre-construction survey aFtEl--j3-hete~will 
provide a baseline to ensure the proper restoration of the terrace 
following construction. 

The Contractor will maintain the pre-disturbance drainage of water along 
the terrace channel and will install temporary flume pipe for this purpose. 
As necessary, temporary erosion control measures such as water bars 
and sediment barriers will be installed and maintained throughout 
construction to reduce the potential for soil erosion along or off the 
construction ROW. 

Following installation of the pipe, the trench will be backfilled, and the 
Contractor will restore the terrace contours as agreed to with the 
landowner. 

Should the landowner agree to have a local contractor restore the 
terraces, the Contractor will backfill the trench and restore the terrace 
using typical compaction methods for pipeline construction with the 
understanding that the landowner's contractor will re-excavate the 
location and re-install the terrace utilizing land levelling equipment and 
special compaction methods. 
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Should the landowner desire the Contractor to restore the terraces, the 
pipeline contractor will compact the trench before the terrace berm is 
replaced. Following restoration of the terraces, final contours and grades 
will be re-surveyed and documented with survey notes. Photographs will 
be taken from a minimum of two or three perspectives to document that 
the cross section profile matches the adjacent undisturbed grades. 
Keystone will perform post-construction monitoring and inspection with 
the landowner's concurrence. Should the terraces require further work, 
Keystone will either compensate the landowner to perform the work or 
arrange for a local contractor to perform the work. 

4.11.8 Right-of-Way and Pipeline Markers 

Upon completion of all backfilling, cleanup and restoration, including 
mulching and seeding of the construction right-of-way, and during the 
time when the Contractor is making permanent repairs to fences, the 
Contractor shall install pipeline markers on each side of all roads, 
railroads, fence lines, stream crossings, and other areas where the 
pipeline markers do not conflict with intended land use. 

4.12 Pasture and Range Lands 

The following mitigative measures shall be implemented in addition to the 
requirements previously stated in Sections 4.1 thru 4.11 unless otherwise 
approved by Keystone based on site-specific conditions or circumstances. All 
work shall be conducted in accordance with applicable permits. 

Access across the right-of-way during construction shall be provided at 
locations requested by landowners, if practicable. 

Shavings produced during pipe bevel operations are to be removed 
immediately to ensure that livestock and wildlife do not ingest this material. 

Litter and garbage shall be collected and removed from the construction site 
at the end of the day's activities. 

Temporary gates shall be installed at fence lines for access to the 
construction right-of-way. These gates shall remain closed at all times. Upon 
completion of construction, the temporary gates shall be removed and the 
permanent fence replaced. 

Feeding or harassment of livestock or wildlife is prohibited. 

Construction personnel shall not be permitted to have firearms or pets on the 
construction right-of-way. 

All food and wastes shall be stored and secured in vehicles or appropriate 
facilities. 

Areas of disturbance in native range shall be seeded with a native seed mix 
after topsoil replacement. 

{01718017.l}TRANSCANADA KEYSTONE PIPELINE, L.P. 38 November, 2008 
Rev. I 

020420



CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

Improved pasture shall be seeded with a seed mix approved by individual 
landowners. 

4.13 Forested Lands 

Mitigation measures are required to ensure that pipeline construction activities 
have a minimal impact on forested lands. 

Clearing, grubbing, and grading of trees, brush, and stumps shall be performed in 
accordance with the following mitigative measures in addition to the requirements 
previously stated in Sections 4.1 thru 4.11 unless otherwise approved or directed 
by Keystone based on site-specific conditions or circumstances. Keystone will 
address mitigation, reclamation and remediation measures with individual 
landowners and comply with any applicable state requirements. These 
measures include non-vegetative remediation to reverse impacts on windbreaks, 
shelterbelts, and living snow fences. Where the pipeline follows an existing 
ROW in forested areas, Keystone attempted to route the pipeline as close as 
practical to the existing ROW. All work shall be conducted in accordance with 
applicable permits. 

Prior to the start of clearing activity, right-of-way boundaries, including pre
approved temporary workspaces, shall be clearly staked to prevent 
disturbance of unauthorized areas. 

If trees are to be removed from the construction right-of-way, Keystone shall 
consult with the landowner or landowner's designate to see if there are trees 
of commercial or other value to the landowner. Timber shall be salvaged as 
per landowner request. 

If there are trees of commercial or other value to the landowner, Keystone 
shall allow the landowner the right to retain ownership of the trees with the 
disposition of the trees to be negotiated prior to the commencement of land 
clearing and included in the easement agreement. 

If not performed by the landowner, the construction right-of-way Contractor 
may salvage all marketable timber from designated areas. 

Tree stumps shall be grubbed to a maximum of 5 feet on either side of the 
trench line and where necessary for grading a level surface for pipeline 
construction equipment to operate safely. 

Keystone shall follow the landowner's or landowner designee's desires as 
stated in the easement agreement regarding the disposal of trees, brush, and 
stumps of no value to the landowner by burning, burial, etc., or complete 
removal from any affected property. 

Timber salvage operations shall use cut-off-type saw equipment. Felling shall 
be undertaken in a manner that minimizes butt shatter, breakage, and off 
ROW disturbance. Skidders or alternate equipment shall be used to transport 
salvaged logs to stacking sites. 
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Trees shall be felled to fall toward the center line of the right-of-way to avoid 
breaking trees and branches off ROW. Leaners (felled trees that 
inadvertently fall into adjacent undisturbed vegetation) shall be salvaged. 

Trees and slash falling outside the right-of-way shall be recovered and 
disposed .. 

Salvaged logs shall be limbed and topped before removal from the 
construction right-of-way. Log decks (if required) shall be oriented to best 
facilitate loading by picker trucks and be located adjacent to the working side 
of the right-of-way, where possible. 

The Contractor shall not be allowed to dispose of woody debris in wooded 
areas along the pipeline right-of-way. 

Pruning of branches hanging over the right-of-way shall be done only when 
necessary for construction. Any branch that is broken or seriously damaged 
should be cut off near its fork and the collar of the branch preserved. 
All tree wastes, stumps, tree crowns, brushes, branches, and other forest 
debris shall be either burned, chipped (using a mobile chipper), or removed 
from the right-of-way according to Keystone instructions contained in the 
specific mitigation measures. Burial of this waste material on the site by the 
Contractor shall require the landowner's authorization. Chips must not be 
spread over cultivated land. However, they may be spread and incorporated 
with mineral soil over the forest floor at a density that shall not prevent 
revegetation of grass. 

Stump removal and brush clearing shall be done with bulldozers equipped 
with brush rakes to preserve organic matter. 

Decking sites shall be established: (1) approximately 2000 feet apart in 
timbered areas; (2) on sites located on approved temporary workspace in 
existing cleared areas; (3) in non-merchantable stands of timber; or (4) if no 
other options are available, in merchantable timber stands. Deck sites shall 
be appropriately sized to accommodate the loading equipment. 

If the landowner does not want the timber, the Contractor shall remove 
decked timber from the construction right-of-way and transport it to a 
designated all-weather access point or mill 

4.14 Residential and Commercial/Industrial Areas 

4.14.1 Residential and Commercial Areas 

The principal measures that shall be used to mitigate impacts on existing 
residential and commercial areas include the following unless otherwise 
directed or approved by Keystone based on site-specific conditions or 
circumstances. All work shall be conducted in accordance with 
applicable permits. 

notifying landowners prior to construction; 

posting warning signs as appropriate; 
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reducing the width of construction right-of-way, if practicable, by 
eliminating the construction equipment passing lane, reducing the size 
of work crews, or utilizing the "stove pipe" or "drag section" 
construction techniques; 

removing fences, sheds, and other improvements as necessary for 
protection from construction activities; 

to the extent possible, preserving mature trees and landscaping while 
ensuring the safe operation of construction equipment; 

fencing the edge of the construction work area that is within 25 
feetatijaBeffi to a residence for a distance of 100 feet on either side of 
the residence to ensure that construction equipment and materials, 
including the spoil pile, remain within the construction work area; 

limiting the hours during which operations with high-decibel noise 
levels 

(i.e., drilling and boring) can be conducted; 

limiting dust impact through prearranged work hours and by utilizing 
dust minimization techniques; 
ensuring that construction proceeds quickly through such areas, thus 
minimizing exposure to nuisance effects such as noise and dust; 

maintaining access and traffic flow during construction activities, 
particularly for emergency vehicles; 

cleaning up construction trash and debris daily; 

fencing or plating open ditches during non-construction activities; 

if the pipeline centerline is within 25 feet of a residence, ensuring that 
the trench is not excavated until the pipe is ready for installation and 
that the trench shall be backfilled immediately after pipe installation; 
and 

immediately after backfilling the trench, restoring all lawn areas, 
shrubs, specialized landscaping, fences, and other structures within 
the construction work area to its pre-construction appearance or the 
requirements of the landowner. Restoration work shall be done by 
personnel familiar with local horticultural and turf establishment 
practices. 

to the extent possible, preserving mature trees and landscaping while 
ensuring the safe operation of construction equipment; 

4.14.2 Site-Specific Plans 

For any residence or commercial/industrial building closer than 25 feet to 
the construction work area, Keystone shall prepare a site-specific 
construction plan. The plan shall include: 

a description of construction techniques to be used; 
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a dimensioned site plan that shows, at a minimum: 

0 the location of the residence or commercial/industrial area in 
relation to the new pipeline; 

0 the edge of the construction work area; 

0 the edge of the new permanent construction right-of-way; and 

0 other nearby topographical obstacles including landscaping, trees, 
structures, roads, parking areas, ditches, and streams; and 

a description of how Keystone would ensure that the trench is not 
excavated until the pipe is ready for installation and that the trench is 
backfilled immediately after pipe installation. 

4.14.3 Landowner Complaint Resolution Procedure 

Keystone shall implement a landowner complaint procedure as follows: 

Landowners should first contact the construction spread office to 
express their concern over restoration or mitigation of environmental 
damages on their property. The Construction Manager or his 
designated representative shall respond to the landowner within 24 
hours of receipt of the phone call. 

If the landowner has not received a response or is not satisfied with 
the response, he can contact Keystone's representative at 1-877-880-
4881. The landowner should expect a response within 48 hours. 

4.15 Sand HillsFragile Soil Clean-up and Reclamation/Revegetation {Steele-Gity 
Segment) 

4.15.1 General 

Fragile soil types are a result of the high percentage of sand content that 
exists within the surficial soil. Theses soil types exist within regions found 
in southern South Dakota and central Nebraska and are fragile due to 
their inherent high wind and water erosion potential. low water holding 
capacity and arid nature of the region. rolling to steep terrain and usually 
The Sand Hills are an extensive and bielogically significant eco region 
encompassing many square miles in South Dakota and n9fll::leffi 
Ne&Faska~is--<'lfiEl-ew-regien-+5-afl-imper.tan+ecesyste m that consists of 
predominantly native prairie landscapes and supports a variety of uses 
such as livestock grazing, wildlife habitat and recreational opportunities. 
T~ne-l=Hlls consist of-a-cellectien-ef-Eliver-se-Ramtat-&-#lat-vai:y-freffi 
highly erosive windswept ridges and blowouts, to wet meadows and allrnli 
lakes in valley bottoms. 

4.15.2 Right-of-way Construction 
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KXL will educate construction personnel regarding these areas#ie 
fragility-ef &lREl-l=lill-'s-seils, and the necessity to strictly adhere to 
Project Best Management Practices (BMPs) designed to minimize 
impacts. 

Minor route re-alignments will be incorporated through these 
areasthe Sand Hills region to avoid particularly erosion-prone 
locations, such as ridgetops and existing blowouts as much as 
practicable. 

KXL will avoid highly saturated areas, such as wetland, to the 
maximum extent possible. 

Construction soil handling procedures will strive to reduce the 
width of disturbance to the native prairie landscape by adopting 
"Trench-line or Blade-width stripping procedures where 
practicable. 

Topsoil conservation will be conducted on all areas where 
excavation occurs. 

Topsoillef'S0il piles will be protected from erosion through matting, 
mulching, watering or tackifying as deemed practible. 

Traffic management limitations will be employed on specific areas 
possessing high erosion potential or sensitive habitat. 

4.15.3 Right-of-Way Reclamation 

Native seed mixes will be developed with input from the local 
NRCS offices and through collaboration with regional experts. All 
seed will be certified noxious weed-free and will be calculated on 
a pure live seed (PLS) basis. 

Straw or native prairie hay may be used as mulch, applied to the 
right-of-way and crimped into the soil to prevent wind erosion. All 
mulch will be documented as noxious weed-free. 

Land imprinting may be employed to create impressions in the 
soil, thereby reducing erosion, improving moisture retention and 
creating micro-sites for seed germination. 

Sediment logs or straw wattles will be used in place of slope 
breakers (short terraces) that are constructed of soil. Using 
sediment logs will result in less soil disturbance to the right-of
way. 

Photodegradable matting will be applied on steep slopes or areas 
prone to extreme wind exposure such as north- or west-facing 
slopes and ridge tops. Biodegradable pins will be used in place of 
metal staples to hold the matting in place. 

Keystone ~work with landowners to evaluate fencing the right
of-way from livestock, or alternatively, provide compensation to 
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rest a pasture until vegetation can become established. 
Management concerns such as livestock access to water or 
movement within a pasture would be incorporated as necessary. 

4.15.4 Post-Construction 

Keystone is committed to post-construction monitoring and repair and will 
monitor reclamation on the right-of-way for several years and repair 
erosion and reseed poorly revegetated areas as necessary. During 
monitoring, landowners are informed of our efforts and intentions. 

A noxious weed management plan SFlecific to the SaAG-l=fil.l&.fegieH-will be 
established on these lands pending consultation with state and county 
experts 

4.16 Operations and Maintenance 

Operations and maintenance programs, such as vegetation management, 
pipeline maintenance, integrity surveys, and hydrostatic testing, may have an 
impact on the final reclamation of the right-of-way. To ensure the integrity of the 
facility and land surface reclamation of the right-of-way is maintained after 
completion of construction and that regulatory requirements are adhered to 
during operations, the following measures shall be implemented unless otherwise 
directed by Keystone in response to site-specific conditions or circumstances. All 
work shall be conducted in accordance with applicable permits. 

Keystone shall monitor the pipeline right-of-way and all stream crossings for 
erosion or other potential problems that could affect the integrity of the 
pipeline. Any erosion identified shall be reclaimed as expediently as 
practicable by Keystone or by compensating to the landowner to reclaim the 
area. 

Trench depressions on ditch line that may interfere with natural drainage, 
vegetation establishment, or land use shall be repaired as expediently as 
practicable by Keystone or by compensating the landowner to repair the area. 

Post-construction monitoring inspections shall be conducted after the first 
growing season to determine the success of revegetation. unless otherwise 
required by permib Areas which have not been successfully re-established 
shall be revegetated by Keystone or by compensation of the landowner to 
reseed the area. If, after the first growing season, revegetation is successful, 
no additional monitoring shall be conducted unless otherwise required by 
permit.c 

In non-agricultural areas, revegetation shall be considered successful if, upon 
visual survey, the density and cover of non-nuisance vegetation are similar in 
density and cover to adjacent undisturbed lands. unless otherwise required 
by permil.c 
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In agricultural areas, revegetation shall be considered successful if crop 
yields are similar to adjacent undisturbed portions of the same field. 

Restoration shall be considered successful if the surface condition is similar 
to adjacent undisturbed lands, construction debris is removed (unless 
requested otherwise by the landowner or land managing agency), 
revegetation is successful, and drainage has been restored. 

Weed control measures shall be implemented as required by any applicable 
plan and in conjunction with the landowner. 

Keystone shall be responsible for correcting tile line or irrigation system 
repairs that fail, provided those repairs were made by Keystone. Keystone 
shall not be responsible for tile line or irrigation system repairs which 
Keystone compensated the landowner to perform. 

When requested by owners in cultivated land, Keystone shall monitor the 
yield of land impacted by construction with the help of agricultural specialists. 
If yield deficiencies are indicated compared to yields on unaffected land, 
Keystone will compensate the landowner for reduced yields and shall 
implement procedures to return the land to equivalent capability. 

In residential areas, landowners may use the right-of-way provided they do 
not interfere with the rights granted to Keystone. Trees, bushes, structures, 
including houses, tool sheds, garages, poles, guy wires, catch basins, 
swimming pools, trailers, leaching fields, septic tanks, and any other objects 
not easily removable, shall not be permitted on the permanent construction 
right-of-way without the written permission of Keystone, because they could 
impair access for maintenance of the pipeline. 

Keystone shall maintain communication with the landowner and tenant 
throughout the operating life of the pipeline to allow expedient communication 
of issues and problems as they occur. Keystone shall provide the landowner 
with corporate contact information for these purposes. Keystone shall work 
with landowners to prevent excessive erosion on lands disturbed by 
construction. Reasonable methods shall be implemented to control erosion. 
These may not be implemented if the property across which the pipeline is 
constructed is bare cropland which the landowner intends to leave bare until 
the next crop is planted. 

If the landowner and Keystone cannot agree upon a reasonable method to 
control erosion on the landowner's property, the recommendations of the 
appropriate NRCS office shall be considered by Keystone and the landowner. 

5.0 DRAIN TILE SYSTEMS 

5.1 General 

If underground drainage tile is damaged by the pipeline installation, it shall be 
repaired in a manner that ensures the tile line's proper operating condition at the 
point of repair. Keystone may elect to negotiate a fair settlement with the 
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affected county or landowner for repair of the damaged drain tile. In the event 
the landowner chooses to have the damaged tile repaired by Keystone, the 
Contractor shall follow these guidelines and procedures to identify the location of 
drain tiles, to mitigate damages to drain tiles prior to and during construction, to 
repair drain tiles damaged during installation of the pipeline, to inspect the proper 
repair of drain tiles, and to provide post-construction monitoring to determine any 
impacts caused by repair of drain tiles. Since all public and private drain tile 
systems are unique, i.e., varying age, depth of cover, type of material, geometry 
on the land, etc., it is not possible to develop a standard procedure for resolving 
each county's or landowner's drain tile issues. These guidelines provide a basis 
on which to develop site specific methodology to mitigate damage and to repair 
drain tiles affected by construction of the Project. A typical right-of-way layout 
and typical orientation for crossing drain tiles is provided in Detail 25. Typical 
header and main crossovers are provided in Details 26 and 27. Actual measures 
will be developed based on site-specific information unique to specific 
installations. However, all work will be conducted in accordance with applicable 
permits. 

5.2 Identification and Classification of Drain Tile Systems 

Personnel shall attempt to identify and classify existing drain tile systems by 
meeting with local public officials and county engineers, and individual private 
landowners and tenants. 

5.2.1 Publicly Owned Drain Tiles 

Personnel shall identify and meet with the responsible county or local 
authority responsible for publicly owned drain tiles. Publicly owned drain 
tiles shall be identified and documented on the Project's 1" = 2000' USGS 
quad strip maps and additional data collected for input into an electronic 
spreadsheet by county, township, range, and section; responsible 
agency; and size, type, and depth of cover (if known). This data shall be 
cross-referenced to the centerline survey to be completed by Keystone. 
Additionally, any public records including maps or easement instruments 
on the drain tiles shall be acquired as well as any requirements of the 
local authority for installation of the pipeline. 

5.2.2 Privately Owned Drain Tiles 

Right-of-way agents shall meet with landowners and tenants of privately 
owned land along the route. As a minimum, the right-of-way agents shall 
ascertain the data concerning drain tiles outlined in a landowner 
questionnaire. The questionnaire requests data concerning: type of drain 
tile system; size, type of material, and depth of cover; preference for 
repair of drain tiles; and identification of local drain tile contractors. These 
data shall be collected into an electronic spreadsheet for utilization by 
right-of-way personnel in negotiating payments for easements and 
damages and by engineering or construction personnel for inclusion in 
specifications for the construction Contractor. 
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5.3 Mitigation of Damage to Drain Tile Systems 

Keystone shall undertake mitigation measures to reduce damage to publicly and 
privately owned drain tile systems prior to and during installation of the pipeline. 

5.3.1 Non-interference with Drain Tile 

The Project shall be installed at a depth of cover and elevation so as not 
to interfere with the elevation and grade of existing drain tiles where 
practicable. Where not practicable, Keystone shall pursue alternative 
mitigation measures mutually acceptable to the landowner and 
jurisdictional agencies. Typically, the pipeline shall be installed below the 
elevation of drain tiles with a minimum clearance of 12 inches. Detail 25, 
Typical Right-of-Way LayouUSoil Handling, represents a typical drain tile 
crossing by the pipeline with additional temporary work space to facilitate 
handling of topsoil and trench spoil created by the additional depth of 
cover for the pipeline. 

5.3.2 Non-disturbance of Drain Tile Mains 

Publicly owned and privately owned drain tile mains shall be identified 
through the processes identified in Section 5.2. Drain tile mains are 
essential to the overall drainage system of a land area and if disturbed, 
may require excessive pumping/dewatering of the pipe trench unless 
temporarily repaired and maintained until permanently repaired. 

Keystone shall review drain tile mains and consider their size, flow rate, 
type of material, depth of cover, and geographic location. If determined 
to be practicable and reasonable for construction, the drain tile main shall 
not be cut and repaired during mainline installation (a pipe section shall 
be left out and installed by a tie-in crew without damaging the drain tile 
main). 

5.3.3 Relocation or Replacement of Existing Drain Tiles Prior to Construction 

In many instances, drain tile systems that have been installed after the 
installation of adjacent existing pipelines were installed with "headers" 
parallel to the existing pipeline with periodic jumpovers as depicted on 
Detail 26, Header/Main Crossovers of Keystone XL Pipeline. The 
distance of these headers from the existing pipeline may vary. 

Some of these drain tile headers may be most effectively relocated and/or 
replaced to the east of the Project. The existing header will be capped 
and made into a single drain tile as depicted on Detail 27, 
Relocate/Replace Drainage Header/Main. This could reduce the number 
of drain tile crossings on a particular landowner's property by a significant 
quantity, thereby reducing the risk that repairs will fail. 
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5.3.4 Future Drain Tiles/Systems 

Keystone shall attempt to determine where public agencies and private 
landowners or tenants are proposing to install drain tile systems in the 
future. These locations shall be input into an electronic spreadsheet by 
county, township, range, and section; landowner or responsible public 
agency; and proposed size and depth of cover. Keystone shall endeavor 
to construct the pipeline at a depth and elevation to accommodate the 
future installation of the proposed drain tile systems. 

5.3.5 Other Mitigation Measures 

Other mitigation measures that may be implemented during installation of 
the pipeline are as follows: 

not removing topsoil from the working side of the construction right-of
way to prevent crushing of drain tile by heavy equipment; 

spreading ditch and spoil side topsoil (not subsoil) over the working 
side to provide additional soil depth to protect existing drain tiles; 

restricting the work of the pipe lower in crew if ground conditions are 
too wet to adequately support the heavy equipment; 

limiting travel of heavy equipment the working lane of the construction 
right-of-way where possible; 

limiting travel of heavy equipment to one pass over the drain tile per 
work crew where possible; and 

removing and replacing topsoil during drain tile replacement should 
tile be crushed on the working side of the right-of-way. 

5.4 Responsibility for Repair of Drain Tile Systems 

Temporary and permanent drain tile repairs shall be the responsibility of the 
Contractor. The physical repairs shall be made by qualified and experienced 
drain tile repair personnel. 

5.4.1 Local Drain Tile Contractor Repair 

Keystone shall identify and qualify local drain tile contractors in the 
geographical area of the pipeline route from interviews with local public 
officials, landowners, tenants, and drain tile contractors. The preferred 
responsibility for permanent repair of drain tiles shall be for the pipeline 
Contractor to subcontract the supervision and repair to local reputable 
drain tile contractors acceptable to the landowners and tenants. 

5.4.2 Pipeline Contractor Repair 
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In the event local drain tile contractors are not available to subcontract the 
supervision and repair, permanent repair shall be made with the 
Contractor's supervision, equipment, and labor. 

5.4.3 LandownerfTenant Repair 

The landowner or tenant may agree to take responsibility for the 
permanent repair of his drain tiles if not precluded by regulatory agency. 
The landowner or tenant shall be requested to ensure his ability to 
coordinate and complete the drain tile repair in a timely manner to allow 
the pipeline Contractor to completely backfill the damaged drain tile for 
repair by landowner/tenant in the immediate future. Keystone shall 
require that its representative be present to ensure the permanent drain 
tile repairs are made in accordance with the minimum requirements of 
this manual. 

5.5 Drain Tile Repairs 

The Contractor shall endeavour to locate all tile lines within the construction right
of-way prior to and during installation so repairs can be made if necessary. 

5.5.1 Temporary Repairs During Construction 

Drain tiles damaged or cut during the excavation of the trench shall be 
marked with a lath and ribbon in the spoil bank. Care shall be taken to 
locate markers where the chance of disturbance shall be minimized and a 
written record maintained of each drain tile crossing. A work crew 
following the pipeline trench crew shall complete a temporary repair to 
allow continuing flow. Detail 28, Temporary Drain Tile Repair, depicts the 
materials and installation procedure to complete the temporary repair. If 
a drain tile line shall not be temporarily repaired, the open ends of the 
drain tile shall be screened to prevent entry of foreign materials and small 
animals. 

5.5.2 Permanent Repairs 

Permanent repairs shall be made for all drain tiles damaged by 
installation of the pipeline. 

5.5.2.1 Ditch Line Only Repairs 

If water is flowing through a damaged tile line, the tile line shall 
be immediately and temporarily repaired until such time that 
permanent repairs can be made. If tile lines are dry and water 
is not flowing, temporary repairs are not required if the 
permanent repair is made within 7 days of the time damage 
occurred. The temporary repair shall be removed just prior to 
lowering in the pipeline. 
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Drain tiles must be permanently repaired before the pipeline 
trench is backfilled and within 14 days of construction 
completion, weather and soil conditions permitting. All tile 
lines shall be repaired with materials of the same or better 
quality as that which was damaged. The drain tile marker 
shall not be removed until the tile repairs have been inspected, 
approved, and accepted by Keystone's inspectors, the county 
inspectors, where applicable, and the landowner or tenant. 
Detail 29, Permanent Repair Method of Drain Tiles, depicts 
the minimum materials and installation procedure to complete 
a permanent repair. 

5.5.2.2 Ditch Line and Temporary Work Space Repairs 

Prior to making the permanent drain tile repair, the Contractor 
shall probe a segmented sewer rod with a plug that is not 
more than 15% smaller than the internal diameter of the drain 
tile to determine if additional damage has occurred to the drain 
tile. If the probe does not freely insert into the drain tile across 
the temporary workspace of pipeline construction, the 
Contractor shall excavate, expose, and repair the damaged 
drain tile to its original or better condition. 

5.6 Inspection/Acceptance of Drain Tile Repairs 

Drain tile repairs shall be inspected by Keystone construction inspectors, county 
inspectors, as applicable, and the landowner or tenant or his representative. 

Keystone shall designate inspector{s) for the sole purpose and responsibility for 
inspection of all repairs of drain tiles. These inspectors shall be, if possible, 
employed from local drain tile installation contractors, local farmers with 
extensive drain tile experience, or previously employed or retired employees of 
local jurisdictions familiar with drain tile installation and repair. In the event that a 
sufficient quantity of inspectors from these sources is not available, Keystone 
shall conduct in-the-field training seminars on drain tile repair for additional 
inspection personnel. 

Inspection personnel shall observe the permanent repair of all drain tiles to 
ensure the replacement drain tile is: (1) the proper size and type; (2) installed at 
the proper grade; (3) properly supported and backfill beneath the drain tile is 
properly placed and compacted; and (4) properly tied into the existing drain tile. 
The inspection shall be documented on the Drain Tile Inspection Report Form. 

A drain tile repair shall not be accepted until Keystone's construction inspector 
and the landowner or tenant or designated representative approves the 
inspection form. 

6.0 WETLAND CROSSINGS 
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6.1 General 

~4-fact!+ties-sh a 11 not be-lB€BteEl-ifl-a-wetlafle,ex-Gept-wfiera-t-he 
leGat-ien-Bf-wGh-facilitie&-Bt1tsiEie-Bf-wetlafles-weHlG-~Fe8t1ee-tomp I ia n ce witf1--61S 
Qeyai:tmeffi-e.F---1=-r-aRSfif>Ralioo-p+pel-ifle.-&afet-y-Fe§tllatieR&.-

Wetland boundaries shall be clearly marked in the field with signs and/or highly 
visible flagging during construction. 

In the event a waterbody crossing is located within or adjacent to a wetland 
crossing, the measures of both Section 6 - Wetland Crossings and Section 7 -
Waie.Ib.Qdies and Rip~Lands sfillLbe implemented to the exte_nlRracik_aQLe.,_ 
Watei:GOOies-aRG-R~paFiaR=L-aRGS-SRa~~~ 

A dry wetland is definedty.pically--Aa&-§fet!HGwatef..le.vel-.wme-Gepth below the 
stlffac~i::reHBh-e-x-cavatioRS-ty-pically-are-staele-aHG-Roi:mai in Section 6.5.1. In 
these wetlands. equipmentwidth. Equipment can traverse the wetland without 
the support of mats or timber riprap. 

A standard wetland environment typically has soils that are saturated and non
cohesiveReR€eftesi-ve. Difficult trenching conditions are likely resulting in 
excessively wide trenches. In these wetland environment types, supplemental 
support in the form of timber riprap or prefabricated equipment mats may be 
required for construction equipment to safely and efficiently operate. 

A flooded wetland involves the presence of standing water over much of the 
wetland area. Equipment typically cannot traverse the wetland and must 
generally move around that portion of the area. Access is typically limited to 
marsh backhoes or equipment working from flexifloats or equivalents. 

Keystone may allow modification of the following specifications as necessary to 
accommodate site-specific conditions or procedures. Any modifications must still 
comply with all applicable regulations and permits. 

6.2 Easement and Workspace 

The Contractor shall maintain wetland boundary markers during construction in 
all areas and until permanent seeding is complete in non-cultivated areas. 

The width of the construction right-of-way shall be reduced to 85 feet or less in 
standard wetlands unless non-cohesive soil conditions require utilization of a 
greater width and unless the USAGE or other regulatory authority authorizes a 
greater width.7 

The Contractor shall locate extra work areas (such as staging areas and 
additional spoil storage areas) shall be at least 10 feet away from wetland 
boundaries, where topographic conditions permit. 
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The Contractor shall limit clearing of vegetation between extra work areas and 
the edge of the wetland to the construction right-of-way and limit the size of extra 
work areas to the minimum needed to construct the wetland crossing. 

6.3 Vehicle Access and Equipment Crossing 

The only access roads, other than the construction right-of-way, that the 
Contractor shall use in wetlands are those existing public roads and private roads 
acquired by Keystone from the landowner shown on the construction drawings. 

To the extent practicable, the Contractor's construction equipment operating in 
saturated wetlands or wetlands with standing water shall be limited to that 
needed to clear the construction right-of-way, dig the trench, fabricate and install 
the pipeline, backfill the trench, and restore the construction right-of-way. 

If equipment must operate within a wetland containing standing water or 
saturated soils, the Contractor shall use the following methods for equipment 
access unless otherwise approved by Keystone based on site-specific 
conditions: 

wide-track or balloon-tire construction equipment; and 

conventional equipment operated from timber and slash (riprap) cleared from 
the right-of-way, timber mats, or prefabricated equipment mats. 

6.4 Temporary Erosion and Sediment Control 

The Contractor shall install sediment barriers across the entire construction right
of-way immediately upslope of the wetland boundary at all standard wetland 
crossings, as necessary, to prevent sediment flow into the wetland. Sediment 
barriers must be properly maintained by the Contractor throughout construction 
and reinstalled as necessary. In the travel lane, these may incorporate 
removable sediment barriers or driveable berms. Removable sediment barriers 
can be removed during the construction day, but shall be re-installed after 
construction has stopped for the day or when heavy precipitation is imminent. 
The Contractor shall maintain sediment barriers until replaced by permanent 
erosion controls or restoration of adjacent upland areas is complete. The 
Contractor shall not install sediment barriers at wetlands designated as "dry" 
unless otherwise specified by Keystone. 

Where standard wetlands are adjacent to the construction right-of-way, the 
Contractor shall install sediment barriers along the edge of the construction right
of-way as necessary to prevent a sediment flow into the wetland. 

6.5 Wetland Crossing Procedures 

The following general mitigative procedures shall be followed by the Contractor in 
all wetlands unless otherwise approved or directed by Keystone based on site-
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specific conditions. All work shall be conducted in accordance with applicable 
permits. 

limit the duration of construction-related disturbance within wetlands to the 
extent practicable; 

use no more than two layers of timber riprap to stabilize the construction 
right-of-way; 
cut vegetation off at ground level leaving existing root systems in place and 
remove it from the wetland for disposal; 

limit pulling of tree stumps and grading activities to directly over the trench 
line unless safety concerns require the removal of stumps from the working
side of the construction ROW; 

segregate a maximum of 12 inches of topsoil from the area disturbed by 
trenching in dry wetlands, where practicable; 

restore topsoil to its approximate original stratum, after backfilling is complete; 

dewater the trench in a manner to prevent erosion and heavily silt-laden 
flowing directly into any wetland or waterbody; 

remove all timber riprap and prefabricated equipment mats upon completion 
of construction; 

locate hydrostatic test manifolds outside wetlands and riparian areas to the 
maximum extent practicable; 

prohibit storing hazardous materials, chemicals, fuels, lubricating oils, or 
perform concrete coating activities in a wetland, or within 100 feet of any 
wetland boundary; 

perform all equipment maintenance and repairs upland locations at least 100 
feet from waterbodies and wetlands; 

avoid parking equipment overnight within 100 feet of a watercourse or 
wetland; 

prohibit washing equipment in streams or wetlands; 

install trench breakers and/or seal the trench to maintain the original wetland 
hydrology, where the pipeline trench may drain a wetland; 

attempt to refuel all construction equipment in an upland area at least 100 
feet from a wetland boundary (otherwise follow the procedures outlined in 
Section 3); and 

avoid sand blasting in wetlands to the extent practicable. If sandblasting is 
performed within a wetland, the Contractor shall place a tarp or suitable 
material in such a way as to collect as much waste shot as possible and 
dispose of the collected waste. The Contractor shall clean up all visible 
deposits of wastes and dispose of the waste at an approved disposal facility. 

Specific procedures for each type of wetland crossing method are listed below 
and shall be designated on the construction drawings but may be modified 
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depending on site conditions at the time of construction. All work shall be 
conducted in accordance with applicable permits. 

6.5.1 Dry Wetland Crossing Method 
Topsoil shall be segregated. Pipe stringing and fabrication may occur 
within the wetland adjacent to the trench line or adjacent to the wetland in 
a designated extra workspace. 

The dry wetland crossing procedure depicted in Detail 8 shall be used 
where this type of wetland is identified on the construction drawings. The 
following are exceptions to standard wetland crossing methods: 

The width of the construction right-of-way for upland construction is 
maintained through the wetland. 

Where extra work areas (such as staging areas and additional spoil 
storage areas) are designated on the construction drawings, they 
may be placed no closer than 10 feet from the wetland's edge. 

~--+lfHtCHhe-wetlaftEH&-GlHHwHBEl,-tJ:ie-tepwH-shall-9e-slfipf)eEl-Hs-ifl§-ifie 

ti:eAGh-aflEl-sf)eH-siGB-methBEl-at-the-same-depth as th e-adjaGeAt 
Hf>laREl-aFea&.-

Seeding requirements for agricultural lands shall be applied to 
farmed wetlands. 

6.5.2 Standard Wetland Crossing Method 

Topsoil stripping is impracticable due to the saturated nature of the soil. 
Pipe stringing and fabrication may occur within the wetland adjacent to 
the trench line or adjacent to the wetland in a designated extra 
workspace. Based upon the length of a standard wetland crossing and 
presence of sufficient water to float the pipe, the Contractor may elect to 
install a standard wetland crossing utilizing the "push/pull" method. 

The standard wetland crossing procedure depicted in Detail 9 shall be 
used where this type of wetland is identified on the construction drawings. 

Procedures unique to standard wetlands include: 

limiting construction right-of-way width to a maximum of 85 feet 
unless site conditions warrant a wider width; 

utilizing low-ground-pressure construction equipment or support 
equipment on timber riprap or timber mats; and 

installing sediment barriers across the entire right-of-way where the 
right-of-way enters and exits the wetland. 

6.5.3 Flooded Push/Pull Wetland Crossing Method 
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Where standing surface water or high groundwater levels make trenching 
difficult, trench widths up to 35 feet are common. Topsoil stripping is 
impossible due to the flooded conditions. Pipe stringing and fabrication is 
required adjacent to the wetland in a designated extra workspace. Using 
floatation devices, the pipe string is pushed and pulled from the extra 
workspace to the trench. 

The Push/Pull wetland crossing procedure as depicted in Detail 10 shall 
be used where water is sufficient to float the pipeline in the trench and 
other site conditions allow. 

Clean metal barrels or Styrofoam floats may be used to assist in the 
flotation of the pipe. Metal banding shall be used to secure the barrels or 
floats to the pipe. All barrels, floats, and banding shall be recovered and 
removed upon completion of lower in. Backfill shall not be allowed before 
recovery of barrels, floats, and banding. 

6.6 Restoration and Reclamation 

All timber riprap, timber mats, and prefabricated equipment mats and other 
construction debris shall be removed upon completion of construction. As much 
as is feasible, the Contractor shall replace topsoil and restore original contours 
with no crown over the trench. Any excess spoil shall be removed from the 
wetland. The Contractor shall stabilize wetland edges and adjacent upland areas 
by establishing permanent erosion control measures and revegetation, as 
applicable, during final clean up. 

For each standard wetland crossed, the Contractor shall install a permanent 
slope breaker and trench breaker at the base of slopes near the boundary 
between the wetland and adjacent upland areas. The Contractor shall locate the 
trench breaker immediately upslope of the slope breaker. 

In the absence of detailed revegetation plans or until the appropriate see~ 
season for permanent 'Netland vegetation in standard wetlands, the Contractor 
shall apply a temporary cover crop of annual ryegrass or oats on the construction 
rigflt-ef-way-at-a-rate-a4eqlli!te-fof-§emtinaoon-afl€1-gret1nd-€eveH1nless-st.an€1ifl§ 
watef-i&f}resent. The Contracter-sflall-ap~.J:ie-teffij3Br-ary-wver-€f9FKitffin§ 
final clean up. For farmeEl-wetJ.aR€1&;-t.J:ie-Centracter-shatl-apply-seeEliRg 
reE[illrements for agricultural 13fl€1s or as required by the-lan9ewnef7 

The Contractor shall not use fertilizer, lime, or mulch in wetlands unless required 
in writing by the appropriate land management agency. 

All wetland areas within conservation lands or easements will be restored to a 
level consistent with any additional criteria established by the relevant managing 
agency. 
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~~semeflt--wellaml&,-!opog~itr-H1f\leys will be-GoF100€teEl-ftfiei:-te 
Geflsffi!Gtioo--tflr-etigfl--t-Re-we-tlaflth---Sedimeflt-.Gaffief&-Will-fle-iR-Stallefl-a.t..-FWS 
easernefll.-wetlaF!G&-aflEl--te--ftrotesl--wetlaAGs-aefaceflt-te--tRe-figfl-l-ef-way-wh8f8 
determined appropriate by the environmental inspector based on field conditions. 
During restoration of the FWS wetlands, final grades must be restored to within 
0.1 foot of original elevations. 

7.0 WATERBODIES AND RIPARIAN AREAS 

7.1 General 

The Contractor shall comply with requirements of all permits issued for the 
waterbody crossings by federal, state or local agencies. 

Waterbody includes any areas delineated as jurisdictional natural or artificial 
stream, river, or drainage with porce~ow at the time-ef crossing, and other 
permanent waterbodies such as ponds and lakes: 

Minor Waterbody includes all waterbodies less than or equal to 1 O_-feet wide 
at the water's edge at the time of construction. 

Intermediate Waterbody includes all waterbodies greater than 10_-feet wide 
but less than or equal to 100 feet wide at the water's edge at the time of 
construction. 

Major Waterbody includes all waterbodies greater than 100 feet wide at the 
water's edge at the time of construction. 

In the event a waterbody crossing is located within or adjacent to a wetland 
crossing, the Contractor, to the extent practicable, shall implement the provisions 
of both Section 6 - Wetland Crossings and Section 7 - Waterbodies and Riparian 
Areas. 

The Contractor shall supply and install advisory signs in a readily visible location 
along the construction right-of-way at a distance of approximately 100 feet on 
each side of the crossing and on all roads which provide direct construction 
access to waterbody crossing sites. Signs shall be supplied, installed, 
maintained, and then removed upon completion of the Project. Additionally, 
signs shall be supplied and installed by the Contractor on all intermediate and 
major waterbodies accessible to recreational boaters warning boaters of pipeline 
construction operations. 

The Contractor shall not store hazardous materials, chemicals, fuels, lubricating 
oils, or perform concrete coating within 100 feet of any waterbody. The 
Contractor shall not refuel construction equipment within 100 feet of any 
waterbody. If the Contractor must refuel construction equipment within 100 feet 
of a waterbody, it must be done in accordance with the requirements outlined in 
Section 3. All equipment maintenance and repairs will be performed in upland 
locations at least 100 feet from waterbodies and wetlands. All equipment parked 
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overnight shall be at least 100 feet from a watercourse or wetland, if possible. 
Equipment shall not be washed in streams or wetlands. 

Throughout construction, the Contractor shall maintain adequate flow rates to 
protect aquatic life and to prevent the interruption of existing downstream uses. 

Keystone may allow modification of the following specifications as necessary to 
accommodate specific situations or procedures. Any modifications must comply 
with all applicable regulations and permits. Keystone will complete site-specific 
crossing plans for certain waterbody crossings if required by the applicable 
regulatory agencies during federal or state permitting processes. 

7.2 Easement and Work Space 

The permanent easement, temporary work space, additional temporary work 
space, and any special restrictions shall be depicted on the construction 
drawings. The work shall be contained within these areas and be limited in size 
to the minimum required to construct the waterbody crossing. 

The Contractor shall locate all extra work areas (such as staging areas and 
additional spoil storage areas) at least 10 feet from the water's edge if 
practicable. 

At all waterbody crossings, the Contractor shall install flagging across the 
construction right-of-way at least 10 feet from the water's edge prior to clearing 
and ensure that riparian cover is maintained where practicable during 
construction. 

7.3 Vehicle Access and Equipment Crossings 

The Contractor shall inspect equipment for fluid leaks prior to entering or crossing 
over waterbodies. 

Equipment bridges shall be installed at all flowing waterbodies and as 
directed by the Keystone El.7 Equipment crossings shall be constructed 
as described in Details 16, 17 and/or 18. 

Equipment crossings shall be perpendicular to drainage bottoms wherever 
possible. 

Erosion and sediment control barriers will be installed and maintained around 
vehicle access points as necessary to prevent sediment from reaching the 
waterway. 

The Contractor shall be responsible for the installation, maintenance, and 
removal of all temporary access crossings including portable bridges, bridges 
made from timber or mats, flumes, culverts, sand bags, subsoil, coarse granular 
material, and riprap. 
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The Contractor shall ensure that culverts and flumes are sized and installed of 
sufficient diameter to accommodate the existing flow of water and those that may 
potentially be created by sudden runoffs. Flumes shall be installed with the inlet 
and outlet at natural grade if possible. 

Where bridges, culverts or flumes are installed across the work area, the 
Contractor shall be responsible for maintaining them (e.g. preventing collapse, 
clogging or tilting). All flumes and culverts shall be removed as soon as possible 
upon completion of construction. 

The width of the temporary access road across culverts and flumes and the 
design of the approaches and ramps shall be adequate for the size of vehicle 
and equipment access required. The ramps shall be of sufficient depth and 
constructed to prevent collapse of the flumes, and the approaches on both sides 
of the flume shall be feathered. 

Where culverts are installed for access, the culvert shall be of sufficient length to 
convey the stream flow through the construction zone. 

The Contractor shall maintain equipment bridges to prevent soil from entering the 
waterbody. 

7.4 Waterbody Crossing Methods 

Construction methods pertinent to waterbody crossings are presented below. 
Selection of the most appropriate method at each crossing shall be depicted on 
the construction drawings but may be amended or changed based on site
specific conditions (i.e., environmental sensitivity of the waterbody, depth, and 
rate of flow, subsurface soil conditions, and the expected time and duration of 
construction) at the time of crossing. Construction will involve dry-ditch 
techniques at crossings where the timing of construction does not adequately 
protect environmentally sensitive waterbodies, as determined by the appropriate 
regulatory authority. Where required, horizontal directional drilling (HOD) will be 
used at designated major and sensitive waterbodies crossings. Each waterbody 
crossing shall be accomplished using one of the following construction methods: 

Non-flowing Open Cut Crossing Method - (Detail 11) 

Flowing Open Cut Crossing Method - Minor, Intermediate or Major 
Waterbody - (Detail 12) 

Flowing Stream Crossing - Dry Flume Method - (Detail 13) 

Flowing Stream Crossing - Dry Dam-and-Pump Method - (Detail 14) 

Horizontal Directional Drill Crossing - (Detail 15) 

Horizontal Bore Crossing - (Detail 21) 
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In conjunction with the appropriate jurisdictional agency, Keystone will develop 
specific crossing plans for major water bodies that contain recreationally or 
commercially important fisheries, or are classified as special use. Keystone will 
consult with state fisheries agencies with respect to applicable construction 
windows for each crossing and develop specific construction and crossing 
methods for open cuts in conjunction with USAGE permitting and USFWS 
consultation. 

7.4.1 Non-flowing Open Cut Crossing Method 

The Contractor shall utilize the Non-flowing Open Cut Crossing Method 
(Detail 11) for all waterbody crossings (ditches, gullies, drains, swales, 
etc.) with no perceptible flow at the time of construction. Should site 
conditions change and the waterbody is flowing at the time of 
construction, the Contractor shall install the crossing utilizing the Flowing 
Open Cut Crossing Method (Detail 12) unless otherwise approved by 
Keystone. 

7.4.2 Flowing Open Cut Crossing Method of Minor, Intermediate, and Major 
Waterbodies 

For minor waterbody crossings, except where the flume method is used, 
the Contractor shall complete construction in the waterbody (not including 
blasting, if required) as shown on Detail 12 within 24 hours if practicable. 

For intermediate waterbodies, the Contractor shall attempt to complete 
trenching and backfill work within the waterbody (not including blasting if 
required) within 48 hours if practicable as shown on Detail 12. 

The Contractor shall construct each major waterbody crossing in 
accordance with a site-specific plan as shown in the construction 
drawings. The Contractor shall complete in-stream construction activities 
as expediently as practicable. 

7.4.3 Flowing Stream Crossing - Dry Flume Method 

Where required, the Contractor shall utilize the Flowing Open Cut 
Crossing - Dry Flume Method as shown on Detail 13 with the following 
"dry ditch" techniques: 

Flume pipe shall be installed after blasting (if necessary), but before 
any trenching. 

Sand bag, sand bag and plastic sheeting diversion structure, or 
equivalent shall be used to develop an effective seal and to divert 
stream flow through the flume pipe (some modifications to the stream 
bottom may be required in order to achieve an effective seal). 

Flume pipe(s) shall be aligned to prevent bank erosion and streambed 
scour. 
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Flume pipe shall not be removed during trenching, pipe laying, or 
backfilling activities, or initial streambed restoration efforts. 

All flume pipes and dams that are not also part of the equipment 
bridge shall be removed as soon as final clean up of the stream bed 
and bank is complete. 

7.4.4 Flowing Stream Crossing - Dry Dam-and-Pump Method 

Where specified in the construction drawings, the Contractor shall utilize 
the Flowing Open Cut Crossing - Dry Dam-and-Pump Method as shown 
on Detail 14. The dam-and-pump crossing method shall meet the 
following performance criteria: 

sufficient pumps to maintain 1.5 times the flow present in the stream 
at the time of construction; 

at least one back up pump available on site; 

dams constructed with materials that prevent sediment and other 
pollutants from entering the waterbody (e.g., sandbags or clean gravel 
with plastic liner); 

screen pump intakes installed; 

streambed scour prevented at pump discharge; and 

dam and pumps shall be monitored to ensure proper operation 
throughout the waterbody crossing. 

7.4.5 Horizontal Directional Drill Crossings 

Where required, the horizontal directional drill method as shown on Detail 
15 shall be utilized for designated major and sensitive waterbodies. The 
Contractor shall construct each directional drill waterbody crossing in 
accordance with a site specific plan as shown in the construction 
drawings. 

Drilling fluids and additives utilized during implementation of a directional 
drill shall be non-toxic to the aquatic environment. 

The Contractor shall develop a contingency plan to address a frac-out 
during a directional drill. The plan shall include instructions for monitoring 
during the directional drill and mitigation in the event that there is a 
release of drilling fluids. Additionally, the waterbody shall be monitored 
downstream by the Contractor for any signs of drilling fluid. 

The Contractor shall dispose of all drill cuttings and drilling mud as 
permitted by the appropriate regulatory authority at a Keystone-approved 
location. Disposal options may include spreading over the construction 
right-of-way in an upland location approved by Keystone or hauling to an 
approved licensed landfill or other site approved by Keystone. 

(01718017.lJTRANSCANADA KEYSTONE PIPELINE, L.P. 60 November, 2008 
Rev. l 

020442



CONSTRUCTION MITIGATION AND RECLAMATION PLAN 

7.4.6 Horizontal Bore Crossings 

Where required, the horizontal bore method as shown on Detail 21 shall 
be utilized for crossing waterbodies. The Contractor shall construct each 
horizontal bore waterbody crossing in accordance with a site specific plan 
as shown in the construction drawings. 

7.5 Clearing 

Except where rock is encountered and at non-flowing open cut crossings, all 
necessary equipment and materials for pipe installation must be on site and 
assembled prior to commencing trenching in a waterbody. All staging areas for 
materials and equipment shall be located at least 10 feet from the waterbody 
edge. The Contractor shall preserve as much vegetation as possible along the 
waterbody banks while allowing for safe equipment operation. 

Clearing and grubbing for temporary vehicle access and equipment crossings 
shall be carefully controlled to minimize sediment entering the waterbody from 
the construction right-of-way. 

Clearing and grading shall be performed on both sides of the waterbody prior to 
initiating any trenching work. All trees shall be felled away from watercourses. 

Plant debris or soil inadvertently deposited within the high water mark of 
waterbodies shall be promptly removed in a manner that minimizes disturbance 
of the waterbody bed and bank. Excess floatable debris shall be removed above 
the high water mark from areas immediately above crossings. 

Vegetation adjacent to waterbody crossings by horizontal directional drill or 
boring methods shall not be disturbed except by hand clearing as necessary for 
drilling operations. 

7.6 Grading 

The construction right-of-way adjacent to the waterbody shall be graded so that 
soil is pushed away from the waterbody rather than towards it whenever 
possible. 

In order to minimize disturbance to woody riparian vegetation within extra 
workspaces adjacent to the construction right-of-way at waterbody crossings, the 
Contractor shall minimize grading and grubbing of waterbody banks. To the 
extent practicable, grubbing shall be limited to the ditch line plus an appropriate 
width to accommodate safe vehicle access and the crossing. 

7.7 Temporary Erosion and Sediment Control 

The Contractor shall install and maintain sediment barriers across the entire 
construction right-of-way at all flowing waterbody crossings. 
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The Contractor shall install sediment barriers immediately after initial disturbance 
of the waterbody or adjacent upland. Sediment barriers must be properly 
maintained throughout construction and reinstalled as necessary (such as after 
backfilling of the trench) until replaced by permanent erosion controls or 
restoration of adjacent upland areas is complete. 

Where waterbodies are adjacent to the construction right-of-way, the Contractor 
shall install and maintain sediment barriers along the edge of the construction 
right-of-way as necessary to contain spoil and sediment within the construction 
right-of-way. 

7.8 Trenching 

The following requirements apply to all waterbody crossings except those being 
installed by the non-flowing open cut crossing method. 

All equipment and materials shall be on site before trenching in the active 
channel of all minor waterbodies containing state-designated fisheries, and in 
intermediate and major waterbodies. All activities shall proceed in an orderly 
manner without delays until the trench is backfilled and the stream banks 
stabilized. The Contractor shall not begin in-stream activity until the in-stream 
pipe section is complete and ready to be installed in the waterbody. 

The Contractor shall use trench plugs at the end of the excavated trench to 
prevent the diversion of water into upland portions of the pipeline trench and to 
keep any accumulated upland trench water out of the waterbody. Trench plugs 
must be of sufficient size to withstand upslope water pressure. 

The Contractor shall conduct as many in-stream activities as possible from the 
banks of the waterbodies. The Contractor shall limit the use of equipment 
operating in waterbodies to that needed to construct each crossing. 

The Contractor shall place all spoil from minor and intermediate waterbody 
crossings and upland spoil from major waterbody crossings in the construction 
right-of-way at least 10 feet from the water's edge or in additional extra work 
areas. No trench spoil, including spoil from the portion of the trench across the 
stream channel, shall be stored within a waterbody unless the crossing cannot be 
reasonably completed without doing so. 

The Contractor shall install and maintain sediment barriers around spoil piles to 
prevent the flow of spoil into the waterbody. 

Spoil removed during ditching shall be used to backfill the trench usually with a 
backhoe, clamshell, or a dragline working from the waterbody bank. Sand, 
gravel, rockshield, or fill padding shall be placed around the pipe where rock is 
present in the channel bottom. 
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7.9 Pipe Installation 

The following requirements apply to all waterbody crossings except those being 
installed by the non-flowing open cut crossing method. 

A "free stress" pipe profile shall be used at all minor, intermediate, and major 
waterbodies with gradually sloping stream banks. The "box bend" pipe profile 
maysflal+ be used for intermittent and major waterbodies with steep stream 
banks. 

The trench shall be closely inspected to confirm that the specified cover and 
adequate bottom support can be achieved, and shall require Keystone approval 
prior to the pipe being installed. Such inspections shall be performed by visual 
inspection and/or measurement by a Keystone representative. In rock trench, 
the ditch shall be adequately padded with clean granular material to provide 
continuous support for the pipe. 

The pipe shall be pulled into position or lowered into the trench and shall, where 
necessary, be held down by suitable negative buoyancy control, as-built 
recorded and backfilled immediately to prevent the pipe from floating. 

The Contractor shall provide sufficient approved lifting equipment to perform the 
pipe installation in a safe and efficient manner. As the coated pipe is lowered in, 
it shall be prevented from swinging or rubbing against the sides of the trench. 
Only properly manufactured slings, belts, and cradles suitable for handling 
coated pipe shall be used. All pipes shall be inspected for coating flaws and/or 
damage as it is being lowered into the trench. Any damage to the pipe or coating 
shall be repaired. 

7 .10 Backfilling 

The following requirements apply to all waterbody crossings except those being 
installed by the non-flowing open cut crossing method. 

Trench spoil excavated from waterbodies shall be used to backfill the trench 
across waterbodies. 

After lowering in is complete, but before backfilling, the line shall be re-inspected 
to ensure that no skids, brush, stumps, trees, boulders, or other debris is in the 
trench. If discovered, such materials or debris shall be removed from the trench 
prior to backfilling. 

For each major waterbody crossed, the Contractor shall install a trench breaker 
at the base of slopes near the waterbody unless otherwise directed by Keystone 
based on site specific conditions. The base of slopes at intermittent waterbodies 
shall be assessed on site and trench breakers installed only where necessary. 
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Slurred muck or debris shall not be used for backfill. At locations where the 
excavated native material is not acceptable for backfill or must be supplemented, 
the Contractor shall provide granular material approved by Keystone. 

If specified in the construction drawings, the top of the backfill in the stream shall 
be armored with rock riprap or bio-stabilization materials as appropriate. 

7.11 Stabilization and Restoration of Stream Banks and Slopes 

The Contractor will restore the contours of the bed and banks of waterways 
immediately after pipe installation and backfill, except over the travel lane. Travel 
lanes and bridges may stay in place until hydrostatic testing and cleanup are 
complete. All materials used to support construction activities will be removed 
from waterbodies and wetlands, including, but not limited to, flumes, mats, plastic 
sheeting, and sandbags. 

The stream bank contour shall be re-established. All debris shall be removed 
from the streambed and banks. Stream banks shall be stabilized and temporary 
sediment barriers shall be installed within 24 hours of completing the crossing if 
practicable. 

Approach slopes shall be graded to an acceptable slope for the particular soil 
type and surface run off controlled by installation of permanent slope breakers. 
Where considered necessary, the integrity of the slope breakers shall be ensured 
by lining with erosion control blankets. 

Immediately following reconstruction of the stream banks, the Contractor shall 
install seed and flexible channel liners on waterbody banks as shown in Detail 
19. 

If the original stream bank is excessively steep and unstable or flow conditions 
are severe, or if specified on the construction drawings, the banks shall be 
stabilized with rock riprap, gabions, stabilizing cribs, or bio-stabilization measures 
to protect backfill prior to reestablishing vegetation. 

Stream bank riprap structures shall consist of a layer of stone, underlain with 
approved filter fabric or a gravel filter blanket in accordance with Detail 20. 
Rip rap shall extend from the stabilized streambed to the top of the stream bank. 
Where practicable, native rock shall be utilized. 

Bio-stabilization techniques which may be considered for specific crossings are 
shown in Details 23 and 24. 

The Contractor shall remove equipment bridges as soon as possible after final 
clean up. 

8.0 HYDROSTATIC TESTING 
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8.1 Testing Equipment Location 

The Contractor shall provide for the safety of all pipeline construction personnel 
and the general public during hydrostatic test operations by placing warning 
signs in populated areas. 

The Contractor shall locate hydrostatic test manifolds 100 feet outside wetlands 
and riparian areas to the maximum extent practicable. 

8.2 Test Water Source and Discharge Locations 

Keystone is responsible for acquiring all permits required by federal, state and 
local agencies for procurement of water and for the discharge of water used in 
the hydrostatic testing operation. Keystone shall provide the Contractor with a 
copy of the appropriate withdrawal/discharge permits for hydrostatic test water. 
The Contractor shall keep water withdrawal/discharge permits on site at all times 
during testing operations. 

Any water obtained or discharged shall be in compliance with permit notice 
requirements and with sufficient notice for Keystone's Testing Inspector to make 
water sample arrangements prior to obtaining or discharging water. Keystone 
will obtain water samples for analysis from each source before filling the pipeline. 
In addition, water samples will be taken prior to discharge of the water, as 
required by state and federal permits. 

In some instances sufficient quantities of water may not be available from the 
permitted water sources at the time of testing. Withdrawal rates may be limited 
as stated by the permit. Under no circumstances shall an alternate water source 
be used without prior authorization from Keystone. 

The Contractor shall be responsible for obtaining any required water analyses 
from each source to be used in sufficient time to have a lab analysis performed 
prior to any filling operations. The sample bottle shall be sterilized prior to filling 
with the water sample. The analysis shall determine the pH value and total 
suspended solids. Each bottle shall be marked with: 

source of water with pipeline station number; 

date taken; 

laboratory order number; and 

name of person taking sample. 

Staging/work areas for filling the pipeline with water will be located a minimum of 
100 feet from the waterbody or wetland boundary if topographic conditions 
permit. The Contractor will install temporary sediment filter devices adjacent to 
all streams to prevent sediments from leaving the construction site. 
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The Contractor shall screen the intake hose to prevent the entrainment of fish or 
debris. The hose shall be kept at least 1 foot off the bottom of the waterbody. 
Refueling of construction equipment shall be conducted a minimum distance of 
100 feet from the stream or a wetland. Pumps used for hydrostatic testing within 
100 feet of any waterbody or wetland shall be operated and refueled in 
accordance with Section 3. 

During hydrostatic test water withdrawals, the Contractor will maintain adequate 
flow rates in the waterbody to protect aquatic life and provide for downstream 
uses, in compliance with regulatory and permit requirements. 

The Contractor shall not use chemicals in the test water. The Contractor shall 
not discharge any water containing oil or other substances that are in sufficient 
amounts as to create a visible color film or sheen on the surface of the receiving 
water. 

Potential hydrostatic water sources for the Steele City, Gulf Coast segments, and 
Houston Lateral are as follm'is: 

Table 1 Steele City Segment Drainage Basins and Water Sources 

9raif!age Basins & 
Wa-~~ 

Nenehman Greek 

V>Jillew Greek 

Milk-River 

Missouri River 

&!Gwate-F-Rivei: 

¥ellewstene River 

Graffiage-Basifl-5-& 
~0Ufse-s 

Gal:Jin Greek 

:i>anElslene Greel-< 

billie-fleaver Greek 

BexelElef..GfOek 

1=ill!e-Mi&&ew:i-Riller 

&eulfl-f--BFk-GraAEl-Rivef 

Glarks i;:efk..GreBk 

~~lief 

SG~Fk-Mereau-Rwer 
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Gheye+1ne-River 425 

Sad-Rivef 4&Q 

Qr:y CFeek, 4W 

White-Rivef w& 
GettBnweeEl-Gfeek, &4-1-

&l#al-0-Graek, W4 

Keya Paha Rivef egg 

S13Fin§ CFeek, W2 

Niebrar-a-RiveF B-1-3 

NeFlh gFanGh ~F ~ 

~FR-River gag 

iii~FI<:: f;;ll41ern Ri>JeF ~ 

GeGar-RiveF @9& 

WH~BF +-3& 

J2faifie-Gfeek, +4& 

121a!le RiveF +&4 

gi§ g1t1e RiveF +w 

gea\!Bf-Gfeek, .7-+$, 

V\Jes~e~ue-R+\IBF +&+ 

+ml<::ey GFeel1 &G-7 

Seti!h i;;eFk Swan GFeek, &24 

Table 2 Gulf Coast Segment D~ns and 'Nater Setlffie& 

fl.raffiage--8-asffis-& 
Water 8eHr~s 

~leFih GaAaE!iaA Ri••eF 

Gafiaflia!+-R-i'JeF 

~ 

BBis--G-'AFG-Greek 

NGfth-SYlphtif-RiveF 

:OetitA gulpRtif Ri"eF 

SabiAe-RiVBf 

Ea&t-f-Gffi-AR§6lifla 

AAgelffia 
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Me611es RiveF 

Meflafd-Gffiek 

Hillebrafldl-Elay<Ju 

J;J.rafAage-Basffis--& 
1Atater Somses 

TFinity RiveF 

San Jaciflto RiveF 

359 

393 

4W 

bosatiell-Whero-Pipelino Crosses 
Water Sourse (Mile Post} 

44 

Selected road, railroad, and river crossing pipe sections may be specified to be 
pre-tested for a minimum of 4 hours. The water for pre-testing of any road and 
railroad crossings shall be hauled by a tanker truck from an approved water 
source. Water for pre-testing of a river crossing may be hauled or taken from the 
respective river if it is an approved water source. Since the volume of water 
utilized in these pre-tests shall be relatively small, the water shall be discharged 
overland along the construction right-of-way and allowed to soak into the ground 
utilizing erosion and sediment control mitigative measures. 

Selection of final test water sources will be determined based on site conditions 
at the time of construction and applicable permits. 

8.3 Filling the Pipeline 

After final positioning of the pipe, the Contractor shall fill the pipe with water. 
Pipe ends shall not be restrained during the fill. The fill pump shall be set on a 
metal catch pan of sufficient dimensions to contain all leaking lubricants or fuel 
and prevent them from entering the water source. The suction inlet must be 
placed in a screened enclosure located at a depth that shall not allow air to be 
drawn in with the water. The screened enclosure shall be such that the fill water 
is free of organic or particulate matter. 

The Contractor shall provide a filter of the backflushing or cartridge type with a 
means of cleaning without disconnecting the piping. The filter shall have the 
specifications of 100 mesh screen. If the cartridge type is used, a sufficient 
quantity of cartridges shall be on hand at the filter location. The Contractor shall 
install the filter between the fill pump and the test header. The Contractor shall 
be responsible for keeping the backflush valve on the filter closed during the 
filling operation. The Contractor shall be responsible for the proper disposal of 
materials backflushed from the filter or filter cartridges. The Contractor shall not 
be allowed to backflush the filter into the stream or other water source. 

During water-filling of the pipeline, the Contractor shall employ fill pumps capable 
of injecting water into the pipeline at a maximum rate of approximately 0. 7 to 1.0 
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mile per hour, except as limited by permits or the maintenance of adequate flow 
rates in the waterbody, as follows: 

Nominal OD MaxGPM 

36" 3000 

The Contractor shall maintain flow rates as necessary to protect aquatic life, 
provide for all waterbody uses, and provide for downstream withdrawals of water 
by existing users. 

In waterboEl-ie&-wl:lera-5ensitive species are located, Keystone will generally avoid 
vfitf1Gfav.1al-0f..Ry€1f65ta{ie-test-water until-af!ef-Atlgust 1, unles&-speffii&a~ 
is-ehlaineEl-i-n-aavance-fr-em-#le-awropfiate-f€gH!at-Ofy-eHe&OOrce-agencie&.-ln 
areas where zebra mussels are known to occur, all equipment used during the 
hydrostatic test withdrawal and discharge will be thoroughly cleaned before being 
used at subsequent hydrostatic test locations to prevent the transfer of zebra 
mussels or their larvae (veligers) to new locations. 

8.4 Dewatering the Pipeline 

The Contractor shall comply with state-issued NPDES permits for discharging 
test water. 

The Contractor shall not discharge any water containing oil or other substances 
that are in sufficient amounts as to create a visible color film on the surface of the 
receiving water. 

The Contractor shall not discharge into state-designated exceptional value 
waters, waterbodies which provide habitat for federally listed threatened or 
endangered species, or waterbodies designated as public water supplies, unless 
appropriate federal, state, and local permitting agencies grant written permission. 
To avoid impacts from introduced species, no inter-basin transfers (discharge) of 
hydrostatic test water will occur. 

The discharge operation will be monitored and water samples will be taken prior 
to the beginning of the discharge to ensure that it complies with the Project and 
permit requirements. If required by state permits, additional water quality testing 
will be conducted during discharge, in accordance with permit conditions. 

The Contractor shall calculate, record, and provide to Keystone the day, date, 
time, location, total volume, maximum rate, and methods of all water discharged 
to the ground or to surface water in association with hydrostatic testing. 

The Contractor shall regulate the pig velocity discharge rate (3000 gpm 
maximum), use energy dissipation devices, and install sediment barriers, as 
necessary, to prevent erosion, streambed scour, suspension of sediments, or 
excessive stream flow. Water must be disposed of using good engineering 
judgment so that all federal, state, and local environmental standards are met. 
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Dewatering lines shall be of sufficient strength and be securely supported and 
tied down at the discharge end to prevent whipping during this operation. 

To reduce the velocity of the discharge, The Contractor shall utilize an energy
dissipating device described as follows: 

8.4.1 Splash Pup 

A splash pup consists of a piece of large diameter pipe (usually over 20" 
outside diameter) of variable length with both ends partially blocked that 
is welded perpendicularly to the discharge pipe. As the discharge hits 
against the inside wall of the pup, the velocity is rapidly reduced and the 
water is allowed to flow out either end. A variation of the splash pup 
concept, commonly called a diffuser, incorporates the same design, but 
with capped ends and numerous holes punched in the pup to diffuse the 
energy. 

8.4.2 Splash Plate 

The splash plate is a quarter section of 36-inch pipe welded to a flat plate 
and attached to the end of a 6-inch discharge pipe. The velocity is 
reduced by directing the discharge stream into the air as it exits the pipe. 
This device is also effective for most overland discharge. 

8.4.3 Plastic Liner 

In areas where highly erodible soils exist or in any low flow drainage 
channel, it is a common practice to use layers of visqueen (or any of the 
new construction fabrics currently available) to line the receiving channel 
for a short distance. One anchoring method may consist of a small load 
of rocks to keep the fabric in place during the discharge. Additional best 
management practices, such as the use of plastic sheeting or other 
material to prevent scour, will be used as necessary to prevent excessive 
sedimentation during dewatering. 

8.4.4 Straw Bale Dewatering Structure 

Straw bale dewatering structures are designed to dissipate and remove 
sediment from the water being discharged. Straw bale structures are 
used for on land discharge of wash water and hydrostatic test water and 
in combination with other energy dissipating devices for high volume 
discharges. A straw bale dewatering structure is shown In Detail 6. A 
dewatering filter bags may be sued as an alternative to show bale 
dewatering structures. A dewatering filter bag is shown in Detail 5. 

{01718017.l)TRANSCANADA KEYSTONE PIPELINE, L.P. 70 November, 2008 
Rev. I 

020452



{ 
0 
1 
7 
1 
8 
0 
1 
7 

· (F'~rmatted: Font: (Default) Calibri ----:=J 

020453



020454



-

THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT19NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 

--

en 

~ 
i= 

fil en 
~ 
tt: 

., 
0 
I 

0 

I 
0 
5 
"' -
"' 0 -
~ 

~ 
0 

cl 
~ 
0 
0 
< 

~ 
i= 

fl en 
~ 
0: 

"' 0 
.!. 
I 

~ -
0 -
(/) 
z 
0 

Detail 1 
Detail 2 
Detail 3 
Detail4 
Detail 5 
Detail 6 
Detail 7 
Detail 8 
Detail 9 
Detall 10 
Detail 11 
Detail 12 
Detail 12a 
Detail 13 
Detail 13a 
Detail14 
Detall 14a 
Detall 15 
Detail 16 
Detail 16a 
Detail 17 
Detail 18 
Detail 18a 
Detail 19 
Detail 20 
Detail 21 
Detail 22 
Detail 23 
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Typical Drawing Index 

Typical Silt Fence Barrier 
Typical Straw or Hay Bail Barrier 
Temporary/Permanent Slope Breaker Detail (Water Bars) 
Erosion Control Matting Installation 
Typical Dewatering Filter Bag 
Typical Straw Bale Dewatering Structure 
Typical Permanent Trench Breakers 
"Dry'' Wetland Crossing Method 
Standard Wetland Crossing Method 
Push/Pull Wetland Crossing Method 
Typical Open Cut Wet Crossing Method Non-Flowing Waterbody 
Typical Open Cut Wet Crossing Method Flowing Wmerbody 
Typical Open Cut Wet Crossing Method Flowing Waterbody - Construction Procedures 
Typical Dry Flume Crossing Method 
Typical Dry Flume Crossing Method - Construction Procedures 
Typical Dam and Pump Crossing 
Typical Dam and Pump Crossing - Construction Procedures 
Typical Horizontal Drill (HOD) Sik! Plan & Profile 
Typical Temporary Bridge Crossing 
Typical Temporary Bridge Crossing - Construction Procedures 
Typical Flume Bridge Crossing 
Typical Railcar Bridge Crossing 
Typical Railcar Bridge Crossing - Construction Procedures 
Flexible Channel Liner Installation 
Typical Rock Rip-Rap 
Typical Road Bore Crossing 
Streambank Reclamation - Brush Layer in Cross Cut Slope 
Streambank Reclamation - Log Wall 
Streambank Reclamation - Vegetated Geotextile Installation 
Typical ROW Layout/Soil Handling 
Header/Main Crossovers of Pipeline 
Relocate/Replace Drainage Header/Main 
Temporary Drain Tile Repair 
Permanent Repair Method of Drain Tiies 
Equipment Cleaning Station Detail 
Equipment Wash Station Detail 
Topsoil Conservation Ditch & Spoil Stripping Triple Ditch 
Topsoil Conservation Ditch & Spoil Stripping Triple Ditch 

Details 12A, 16A, 18A, 22, 67 & 67A are new 
additions 

NOTE: The following typical drawings are included for ease of reference. 
• Details 1 through 31 can be found in the Construction Mitigation and Reclamation Plan 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESE!>JTER 
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SECTION 8-8 

1. INSTALL MATIING !N WIHi MANUFACTURER'S INSTRUCTIONS. 

2. PREPARE SOIL BEFORE INSTALLING MATIING, INCLUDING GRADING, REMOVAL Of Ll\.RGE ROCKS AND 
DEBRIS, ANO THE APPLICATION OF SEED AND FERTlLIZER IF NOT USING PRE-SEEDED MATTING. 

3. EROSION CONTROL MATTING SHALL EXTEND COMPLETELY ACROSS DISTURBED AREAS TO PROTECT 
ERODIBLE SURFACES. 

4. BEGIN AT THE TOP OF THE SLOPE BY ANCHORING THE MATTING IN A TRENCH. 
BACKFILL AND COMPACT THE TRENCH AFTER STAPLING. 

5. ROLL THE MATTING DOWN THE SLOPE IN THE DIRECTlON OF THE WATER FLOW. 
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SPECIFIED BY THE COMPANY. 

7. ENSURE COMPLETE CONTACT BETWEEN THE MATTING AND THE SLOPE FACE. ADDITIONAL STAPLES 
CAN BE USE TO ELIMINATE GAPS. 

8. INSTAULATION SPECIFICATIONS TO BE MODIFIED BY THE PROJECT AS NECESSARY TO SUIT ACTUAL 
SITE CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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MANUFACTURED NONWOVEN (FELT) FILTER BAGS ARE A SUfTABLE ALTERNATIVE TO STRAW BALE 
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STRUCTURES FOR TRENCH DEWATERING. FILTER BAGS SHALL BE INSTALLED AS SPECIFIED BY THE 
\2 MANUFACTURER. 

0 1. 

~ 2. INSTALLATION SPECIFICATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SITE CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS: ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED-
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5. 

INSTALL A STRAW BALE DEWATERING STRUCTURE WHEREVER IT IS NECESSARY AND AS DIRECTED BY 
THE ENVlRONMENTAL INSPECTOR TO PREVENT THE FLOW OF HEAVILY SILT LADEN WATER INTO 
WATERBODlES OR WETLANDS. 
DISCHARGE SITE SHOULD BE WELL VEGETATED AND LOCATED AT LEAST 50 FEET FROM ANY WATERBODY. 
THE TOPOGRAPHY OF THE StTE SHOULD BE SUCH THAT WATER Will FLOW INTO THE DEWA TERING 
STRUCTURE AND AWAY FROM ANY WORK AREAS. THE AREA DOWNSLOPE FROM THE OEWATERING SITE 
MUST BE REASONABLY FLAT OR STABILIZED BY VEGETATION OR OTHER MEANS TO ALLOW THE FILTERED 
WATER TO CONTINUE AS SHEET FLOW. 
DIRECT THE PUMPED WATER ONTO A STABLE SPILL PAD CONSTRUCTED OF ROCKFILL, WEIGHTED 
TIMBERS, OR A WOVEN GEOTEXTILE STAKED TO THE GROUND SURFACE, SUCH AS MIRAFl 600X, 
TERRAFIX 400W, OR A COMPANY APPROVED EQUIVALENT. BEYOND THE SPILL PAD FORCE THE 
DISCHARGE WATER INTO SHEET FLOW USING STRAW BALES AND THE NATURAL TOPOGRAPHY. 
DISCHARGE RATES SHOULD BE SUCH THAT THE CAPACITY OF THE STRUCTURE WlLL NOT BE EXCEEDED. 
DlSCHARGE WATER SHALL BE FORCED INTO SHEET FLOW IMMEDIATELY BEYOND THE SPILL PAD USING A 
COMBINATION OF STRAW BALES AND THE NATURAL TOPOGRAPHY. RECESS STRAW BALES. DRIVE TWO (2) 
STAKES OR RE'.BAR INTO EACH BALE TO ANCHOR THEM !N PLACE. 
INSTALLATION SPECIFICATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SfTE CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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TRENCH BREAKERS TO BE INSTALLED AS SHOWN ON THE CONSTRUCTION DRAWlNGS, WHERE DESCRIBED 
IN THE PLAN, AND AS DIRECTED. 
OPEN WEAVE HEMP OR JUTE SACKS SHALL BE FILLED WlTH AN AVERAGE 55 LBS. MIXTURE OF: 

1) ONE {1) PART CEMENT AND SIX (6) PARTS SAND OR SUBSOIL, OR 
~ 2. 
:::J 

2) ONE (1) PART CEMENT, THREE (3) PARTS FLYASH, AND FIVE (5) PARTS SAND OR SUBSOIL 
3) SAND WITH JUST SUFFICIENT WATER TO PERMIT MIXTl.JRE TO EXUDE AND BOND SACKS 

TOGETHER. TOPSOIL IS NOT TO BE USED IN SACKS. 
KEY EACH TRENCH BREAKER A MINIMUM OF ONE (1) FT. INTO BOTIOMS AND SIDES OF TRENCH. 
FOAM TRENCH BREAKERS MAY BE USED IN LIEU OF SAND SACK TRENCH BREAKERS. 
INSTALLATION SPECIFICATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTI.JAL SITE CONDITIONS. 
TRENCH BREAKERS SHALL BE 1NSTALLED SUCH THAT THE TOP OF EACH DOWNSLOPE BREAKER IS 
ABOVE THE BOTTOM OF THE NEXT UPSLOPE BREAKER. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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PLAN VlEW 
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~ CONSTRUCTION PROCEDURES: 
<r 

~ 1. IF THE WETLAND IS BEING CULTIVATED AND f:~RMEo!f,NO y;•frLAND CONSTRUCTION PROCEDURES ARE 
~ REQUIRED. . •. ..· .. ·· .....•. · 
o 2 FLAG WETLAND BOUNDARIES PRIOR TO CLEARING;.: 
g; 3: NO REFUELING OF MOBILE EQUIPMENT IS ALlOWEDi;il.'iiHIN 100 FEET OF WETLAND. PLACE "NO FUELING" 
~ SIGN POSTS APPROXIMATELY 100 FEET E,l:ACkfROM WETLAND BOUNDARY. REFUEL ST A Tl ON ARY 
6 EQUIPMENT AS PER THE PRQJECJ~s;fSPlll'.:.RREVENTION PROCEDURES. 
~ 4. INSTALL TEMPORARY SLOPE/SREAl\ER UPSLOPE WITHIN 100 FEET OF WETLAND BOUNDARY IF DIRECTED 

~ 5. gb ~~ ~~~~~~T.Vl£TLAND ~N~Df>IPE1£is READY TO INSTALL. 
N 6. CONSTRUCT WHEN DRl~ IF POSSIB(£. IFStTE BECOMES WET AT TIME OF TRENCHING, AVOID SOIL 

COMPACTION BY UTILIZl~G TIMBER~RIP-RAP' OR PREFABRICATED EQUIPMENT MATS. 
7. AVOID ADJACENT WETLANQS, lf\ISTALL SEDIMENT BARRIERS (STRAW BALES AND/OR SILT FENCE) AT 

DOWN SLOPE EDGE OF RIGH'T:ff'OFLWAY ALONG WETLAND EDGE IF NEEDED TO CONTAIN SPOIL WlTHIN 
RIGHT-OF-WAY. . ... 

8. RESTRICT ROOT GRUSSING TO ONLY THAT AREA OVER THE DITCHLINE AND REMOVE STUMPS FROM 
WETLAND FOR DISPOSAL. v 

4J 9. CONDUCT TRENCH UNE TOPSOIL STRIPPING (IF TOPSOIL IS NOT SATURATED). SALVAGE TOPSOIL TO 
ACTUAL DEPTH OR A MAXIMUM DEPTH OF 12 INCHES. 

(I) 10. TRENCH THROUGH WETLANDS. 
~ 11. PIPE SECTION TO BE FABRICATED WITHIN THE WETLAND AND ADJACENT TO ALIGNMENT, OR IN STAGiNG 
z AREA OUTSIDE THE WETLAND AND WALKED IN. 
~ 12. LOWER-IN PIPE. PRlOR TO BACKFILLING TRENCH, IF REQUIRED, TRENCH PLUGS SHALL SE INSTALLED AS 
5 REQUIRED. BACKFILL TRENCH. 
:i:! 13. RESTORE GRADE TO NEAR PRE-CONSTRUCTION TOPOGRAPHY, REPLACE TOPSOIL AND INSTALL 

PERMANENT EROSION CONTROL 
o 14. IF UTILIZED, REMOVE TIMBER MA TS OR PRE-FABRICATED MA TS FROM WETLANDS UPON COMPLETION. 
!£ 15. IN THE ABSENCE OF A DETAILED REVEGETATION PLANS, APPLY A TEMPORARY COVER CROP AS 
~ DIRECTED BY KEYSTONE. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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6 2. NO REFUELING OF MQBILE')iQUl. .. T IS ':~LLOWED WITHIN 100 FEET OF WETLAND. PLACE "NO FUELING" 
~ SIGN POSTS 100 FEET BACK.F~ ... ·. J.L~t'JD BOUNDARY. REFUEL STATIONARY EQUIPMENT AS PER THE 

PROJECT'S SPILL PREVENTION t;iROCEO.URES. 
N 

3. 

4. 

5. 
..., 
<11} 6. 
.... 
if! 7. 
0 8. 

INSTALL TEMPORAR¥>SLOPE BRE~ER.'UPSLOPE WITI-llN 100 FEET OF WETLAND BOUNDARY IF DIRECTED 
BY THE PROJECT. . ''!'; ' ) . ·!'' 
INSTALL TIMBER MATS/RlPRAPJ~ROUGH ENTIRE WETLAND AREA. EQUIPMENT NECESSARY FOR 
RIGHT-OF-WAY CLEARING'MAY'MAKE ONE (1) PASS THROUGH THE WETLAND BEFORE MATS ARE 
INSTALLED. 
AVOID ADJACENT WETLANDS. INSTALL SEDIMENT BARRIERS (STRAW BALES AND/OR SILT FENCE) AT 
DOWNSLOPE EDGE OF RIGHT-OF-WAY AND ALONG WETLAND EDGE AS REQUIRED . 
RESTRICT ROOT GRUBBING TO ONLY THAT AREA OVER THE DlTCHUNE AND DITCH SPOIL AREAS AND 
REMOVED FROM WETLAND FOR DISPOSAL 
DO NOT TRENCH WETLAND UNTIL PIPE IS READY TO INST ALL. 
TOPSOIL STRIPPING SHALL NOT 8E REQUIRED IN SATURATED SOIL CONDITIONS. 
LEAVE HARD PLUGS AT EDGE OF WETLAND UNTIL JUST PRIOR TO TRENCHING. ffi 9. 

VI 10. 
s: 
w 
Q! 

PIPE SECTION MAY BE FABRICATED WITHIN THE WETLAND AND ADJACENT TO AUGNMENT, OR IN STAGING 
AREA OUTSIDE THE WETLAND AND WALKED IN. 

11. TRENCH THROUGH WETLANDS. 
12. LOWER-IN PIPE, INSTALL TRENCH PLUGS AT WETLAND EDGES AS REQUIRED AND BACKFILL IMMEDIATELY. 

o 13. REMOVE TIMBER MATS OR PRE-FABRICATED MATS f'ROM WETLAND UPON COMPLETION. 
14. RESTORE GRADE TO NEAR PRE-CONSTRUCTION TOPOGRAPHY, REPLACE TOPSOIL IF SALVAGED AND 

INST ALL PERMANENT EROSION CONTROL 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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~ CONSTRUCTION PROCEDURES: 
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1. FLAG WETLAND BOUNDARIES PRIORJ"QGttA~INGU~' 
~ 2. NO REFUELING OF MOBILE EQUIPMENT IS.At:.tOWED WITHIN 100 FEET OF WETLAND. PLACE "NO FUELING" 
6 SIGN POSTS 100 FEET BA6K FROM. WETL'At-JD BOUNDARY. REFUEL STATIONARY EQUIPMENT AS PER THE 
o PROJECT'S SPILL PREVENTIOl;J .. PRO~EDURES. 
N 3. INSTALL TEMPORARY SLOPE 8REAKER•l!BSLOPE WITHIN 100 FEET OF WETLAND BOUNDARY AS DIRECTED 

BY THE PROJECT ..... ~ T \ ··~. 
4. 
5. 
6. 
7. 

RESTRICT ROOT GRUBBING TO ON.LY THEtAREA OVER THE DITGHUNE. 
DO NOT TRENCH WETtANO UNTILl;PIPE 1s· READY TO INSTALL. 
TOPSOIL STRIPPING SHA!It f'J.QT,J~E REQUIRED IN SA TURA TEO SOlL CONDITIONS. 
UTILIZE AMPHIBIOUS EXCAVNfORS (PONTOON MOUNTED BACKHOES) OR TRACKED BACKHOES SUPPORTED 
BY FABRICATED TIMBER MATS OR FLOATS TO EXCAVATE TRENCH. IF FABRICATED TIMBER MATS ARE 
USED FOR STABIUZATION, THE BACKHOE SHALL GRADUALLY MOVE ACROSS THE WETLAND BY MOVING 
THE MAT FROM IMMEDIATELY BEHIND TO IMMEDIATELY IN FRONT OF THE BACK HOE'S PA TH. 

I') 8. AVOID ADJACENT WETLANDS. INSTALL SEDIMENT BARRIERS (STRAW BALES AND/OR SILT FENCE) AT EDGE 

~ 9. ~re~:~~~E"0tip~~~ ~~fcr~~o~~E~6uAr1~of0i~E 1 \ll:T~~~~c!~L.THE EXTRA WORK SPACE AS lNDICATEO ON 
~ THE CONSTRUCTION ORA\llqNGS. 

"'
S 10. LEAVE HARD PLUGS AT THE EDGE OF THE WETLAND UNTIL JUST PRIOR TO PIPE PLACEMENT. 

5 11. FLOAT PIPE IN PLACE, LOWER-IN, INSTALL TRENCH PLUGS AT WETLAND EDGES W'HERE REQUIRED AND 
l;:! BACKFILL IMMEDIATELY. 

12. REMOVE TIMBER MATS OR PRE-FABRICATED MATS OF NON-NATIVE MATERIAL FROM WETLANDS UPON 
o COMPLETION. 
ui 13. RESTORE GRADE TO NEAR PRE-CONSTRUCTION TOPOGRAPHY AND INSTALL PERMANENT EROSION 
§ CONTROL. 
~ 14. THE CONSTRUCTION RlGHT-OF-WAY FOR THIS TYPE OF CONSTRUCTION SHALL SE 85 FEET. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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<'< 1. THIS METHOD APPLIES TO DRY WASRES;.:~SWALES, INCISED DRAINAGES AND DITCHES WITH NO PERCEPTIBLE 
t'>.I FLOW AT TIME OF GRqSSING. IFE,LOWSsARE PRESENT DURING CONSTRUCTION REFER TO DETAIL 12. 
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CLEARING AND GRAOIN,G,. TOPSOIL'~ALVAGJ:I· AND TOPSOIL STRIPPING DEPTHS SHALL BE THE SAME AS 
INDICATED FOR AOJACENT .. UPLANO,/UNLESS OTHER1MSE OlRECTED BY KEYSTONE. 
El TO FLAG THE ORDINAR:f rU(;Hc,WATER MARK (OHWM) PRIOR TO CLEARING. 
INSTALL SILT FENCE OR A BERM AT DIRECTION OF KEYSTONE El TO PREVENT RUNOff FROM ROW TO 
ADJACENT, UNDISTURBED DRAINAGE. 
STOCKPILE TOPSOIL AND SPOIL SEPARATELY. TOPSOIL SHALL NOT BE STOCKPILED ACROSS THE DRAINAGE 
CHANNEL AND SHALL BE PLACED A MINIMUM OF 15 FEET FROM THE OHWM OR TO SUIT CONDITIONS AND 
PROTECT THE DRAINAGE AS DETERMINED BY KEYSTONE. 
INSTALL TEMPORARY SLOPE BREAKERS WHERE IDENTIFIED BY Tl:-lE El. 
TRENCH, STRING PIPE, ANO BACKFILL USING STANDARD UPLAND CONSTRUCTION PROCEDURES UNLESS 
OTHERWISE DlRECTED BY KEYSTONE. 
RESTORE WATERCOURSE CHANNEL AND BANKS (EXCEPT TRAVEL LANE IF USED) TO APPROXIMATE 
PRE-CONSTRUCTION PROFILE IMMEDIATELY AFTER PIPE IS LOWERED IN AND BACKFILLED. INSTALL 
PERMANENT EROSION CONTROLS WHERE DIRECTED BY KEYSTONE. 
REMOVE ANY TEMPORARY CROSSING STRUCTURES AND/OR GRAVEL. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITlqNs MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 

CONSTRUCTION PROCEDURES: 

1. RIGHT-OF-WAY BOUNDARIES ANO WORK SPACE LIMITS SHALL BE CLEARLY DELINEATED. STAGING FOR 
MAKEUP SHALL BE LOCATED A MINIMUM OF 10 FEET FROM WA TERSODY. 

2. CLEARING LIMITS WILL BE CLEARLY DELINEATED AND 10 FOOT VEGETATIVE BUFFER STRIP BETWEEN 
DISTURBED AREA AND THE WATERBODY SHALL BE MAINTAINED TO THE EXTENT POSSIBLE. ALL CLEARING 
SHALL BE MINIMIZED TO THE EXTENT POSSIBLE ANO TO ONLY THAT NECESSARY FOR CONSTRUCTION. 
WOODY VEGETATION SHALL BE CUT AT GROUND LEVEL AND THE STUMPS/ROOTS LEFT IN PLACE TO THE 

- EXTENT POSSIBLE. 

- 3. 

-
-

-
-
~ 
(.} 

4. 

5. 

6. 

7. 

~ 8. 
w 
~ 
~ 

a 
I# 
5 
~ 

I 
0 

6 9. 
0 
N 

,____ 

,_Q. 
~ 
0 
ii\ 

TOPSOIL SHALL BE STRIPPED FROM THE DITCH LINE IN ALL WETLANDS RIPARIAN. 

CONTRACTOR SHALL INSTALL SIGNS APPROXIMATELY 100 FEET MINIMUM FROM EACH WATERBODY AND 
WETLAND TO lOENTIFY THE HAZARDOUS MATERIALS EXCLUSION AREA. 

EROSlON AND SEDIMENT CONTROL 
o. CONTRACTOR SHALL SUPPLY, INSTALL AND MAINTAIN SEDIMENT CONTROL STRUCTURES, AS DEPICTED 

OR ALONG DOWN GRADIENT SIDES OF WORK AREAS AND STAGING AREAS SUCH THAT NO HEAVILY 
SILT LADEN WATER ENTERS WATERBODY OR WETLAND. 

b. NO HEAVILY SILT LADEN WATER SHALL BE DISCHARGED DIREC.Jh Y OR INDIRECTLY INTO THE 
WATERBODY. ALL EROSlON AND SEDIMENT CONTROL STRUCTURE\LOCATIONS AS DEPICTED ARE 
APPROXIMATE AND MAY BE ADJUSTED AS DIRECTED BY THE COMPANY INSPECTOR TO SUIT ACTUAL 
SITE CONDITIONS. SILT FENCE OR STRAW BALE INSTALLA]ONS SlciALL INCLUDE REMOVABLE SECTIONS 
TO FACILITATE ACCESS DURING CONSTRUCTION. \ .:•,. '\ 

c. SEDIMENT LADEN WATER FROM TRENCH OEWATERING SH~~t~.~~f:iJ1s#~ARGED TO A WELL VEGETATED 
UPLAND AREA INTO A STRAW BALE DEWATERIN(fSTRUCTUR~ OR.'GEOTEXTILE FILTER BAG. SEDIMENT 
CONTROL STRUCTURES MUST BE IN PLACE AT ALL TIMES ACROSS THE DISTURBED CONSTRUCTION 
RIGHT-OF-WAY EXCEPT DURING EXCAVATl.ON/11')1.§:Tf'Ll.:ATIQ~};l~·.THE CROSSING PIPE. 

_;,,'. , ... ·., '·---.·~ \ .. ,. .';' ' ~ 

d. SOFT DITCH PLUGS MUST REMAIN IN PL~~t AT ~~NVE('JIENT LbGATIONS TO SEPARATE MAINLINE 
DITCH FROM THE WATERBOQ~•;tROSSIN(;';.UNTIL~J'flE ·~~TER CROSSING IS INSTALLED AND BACKFILLED. 

e. TRENCH BREAKERS ARE TO BE;;'tMSTALLED;').-TTHE S~lYfE SPACING AND IMMEDIATELY UPSLOPE OF 
PERMANENT SLOPE BREAKERS, O~,J..~ OlREC:!EO .9'.'(}fHE COMPANY. 

''•'' '\.. ·<· ~:: ,~· '< ! 

CONTRACTOR SHALL~AINJ"~N·,~l\-130 PLU~S.IN THE DITCH AT THE WATERBODY UNTIL JUST PRIOR TO 
PIPE INSTALLATION. CONTR'ACTQ~ S(il,\tJ;. :E2l!:(;}f)){ATE TRENCH AND INST ALL PIPE AS EXPEDIENTLY AS 
PRACTICAL To REDUCE 'THE> DURATlON•·OF:;WORK ACTIVITIES IN THE WATERBODY BED . 

. ''·' ·"?';, '•····"·'"'·<~::.·> 

CONTRACTOR SHALL PLACE ~ai;~cH SPOIL ONL y IN CERTIFICATED WORK SPACE AND A MINIMUM OF 10 
FEET FROM THE WATERBODY BANKS TO PREVENT ENTRY OF SPOIL INTO THE WATERBODY. SPOJL SHALL 
BE CONTAINED AS NECESSARY U$1~G, EITHER A STRAW BALE BARRIER OR AN EARTH/ROCK BERM. 

'"':j··· 

CONTRACTOR SHALL RESTORE THE WATERBODY ANO BANKS TO APPROXIMATE PRE-CONSTRUCTION 
CONTOURS, UNLESS OTHERW1SE APPROVED BY THE COMPANY. CONTRACTOR SHALL INSTALL PERMANENT 
EROSlON AND SEDlMENT CONTROL STRUCTURES AS INDICATED. ANY MATERIALS PLACED IN THE 
WATERBODY TO FACILITATE CONSTRUCTION SHALL BE REMOVED DURING RESTORATION. BANKS SHALL BE 
STABILIZED AND TEMPORARY SEDIMENT BARRIERS INSTALLED AS SOON AS POSSIBLE AFTER CROSSING, 
BUT WITHIN 24 HOURS OF COMPLETING THE CROSSING. MAINTAIN A SILT FENCE OR STRAW BALE 
BARRIER ALONG THE WATERBODY AND WETLAND BOUNDARIES UNTIL VEGETATION IS ESTABLISHED IN 
ADJACENT DISTURBED AREAS. 

VEHICLE CROSSING CAN BE CONSTRUCTED USING EITHER A FLUME CROSSING OR A TEMPORARY BRIDGE. 
VEHICLE CROSSING ONLY REQUIRED lF STREAM SUPPORTS A STATE DESIGNATED FISHERY. 

~ -
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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MARK OUT AND MAINTAIN LIMITS OF AUTHORtzro WORK AREAS WITH FENCING OR FLAGGING TAPE TO AVOto 
UNNECESSARY DISTURBANCE OF VEGETA110N. ENSURE EQUIPMENT OPERATORS WORKING ON THE CROSSING HAVE BEEN 
SRlEf'ED ABOUT lt!IS PLAN AND THE MEASURE NEEDED TO PROTECT WATER QUALITY. 
ALL NECESSARY EQUIPMENT ANO MATERIALS TO BUILD THE FLUME MUST BE ON-S1TE OR READILY AVAILABLE PRIOR TO 
COMMENClNG IN-WATER WORK. 
TO THE EXTENT POSSIBLE, MAINTAIN A MINIMUM 10 FT. VEGETATIVE BUFFER STRIP BETWEEN OtSTURBED AREAS ANO THE 
WATERCOURSE. INSTALL AND MAJNTAIN A SlLT FENCE OR STRAW BALIE BARRIER UPSLOPE OF THE BUFFER STRIP ON 
EACH SIDE OF THE WATERCOURSE. 
CONTRACTOR SHALL SUPPLY, INSTALL ANO MA!NTAJN SEDIMENT CONTROL smuCTURES, AS DEPICTED OR ALONG DOWN 
GRADIENT SIDES OF WORK AREAS AND STAGlNG AREAS SUCH THAT NO HEAVILY SILT LADEN WATER ENTERS STREAM. 
a. NO HEAVILY SILT LADEN WATER SHALL BE DISCHARGED DIRECTLY INTO THE STREAM. 
b. EROSION ANO SEDIMENT CONTROL STRUCTURE LOCAnONS t\S DEPICTE:O ARE APPROXIMATE ANO MAY 

SE ADJUSTED AS DIRECTED BY THE COMPANY INSPECTOR TO ACTUAL SlTE CONOlTIONS. 
c. SILT FENCE OR STRAW BALE INSTALLATIONS SHALL INCLUDE REMOVABLE SECTIONS TO FACILITATE 

ACCESS DURING CONSTRUCTION. UTILIZE STRAW SALE BARRIERS ONLY IN LIEU OF A SILT FENCE 
WHERE FREQUENT ACCESS IS REQUIRED. 

d. SEDIMENT LADEN WATER FROM TRENCH DEWATERING SHALL EE DISCHARGED TO A WELL VEGETATED 
UPLAND AREA INTO A STRAW SALE OEWATERING STRUCTURE OR GEOTEXTllE FILTER SAG. 

e. SEDIMENT CONTROL STRUCTURES MUST BE IN PLACE AT ALL TIMES ACROSS THE DISTURBED 
PORTIONS OF THE RIGHT-OF-WAY EXCEPT DURING EXCAVATION/INSTALLATION OF lHE CROSSING PIPE. 

f, SOFT DITCH PLUGS MUST REMAIN IN PLACE AT CONVENIENT LOCATIONS TO SEPARATE MAINLINE DlTCH 
FROM THE RIVER CROSSING UNTIL THE RIVER CROSSlNG lS INSTALLED AND SACKFlLLED. 

PIPE SHALL BE STRUNG AND WELDED FOR READY INSTALLATION PRlOR TO WATERCOURSE TRENCHING. 
FLUME CAPACITY DURING DRY CROSSING SHALL BE SUFFICIENT TO ACCOMMODATE 1.5 TIMES THE FLOW MEASURED 
AT THE TIME OF CONSTRUCTION PROVlOEO THAT THE FLUMES Vlilt. SE IN Pt.ACE NOT MORE THAN 96 HOURS AND NO 
PRECIPITATION IS FORECAST. FLUME CAPAClTY FOR VEHtCLIE ACCESS SHALL BE SUFFICIENT TO PASS THE 2 YEAR DESIGN 
FLOW OR THE FLOW REASONABLY EXPECTED TO OCCUR DURING THE INSTALLATION. EXCESS FLUMES REQUIRED FOR 
LONGER TERM ACCESS SHALL SE CAPPED DURING DRY CROSSING PROCEDURES. 
ENSURE THAT THE DAMS AND VEHICLE CROSSING ARE LOCATED FAR ENOUGH APART TO ALLOW FOR A 'MOE 
EXCAVATION. 
FLUMES ARE TO BE SET WlTH 10 PERCENT OF THEIR DIAMETER BE:LOW STRE:AMBEO LEVEL WHERE SOIL CONDITIONS 
PERMIT (OTHERWISE INSTALLED AT STREAM GRADE ANO SLOPE.) 
PLACE IMPERVlOUS DAMS AT EACH END OF THE FLUME, UPSTREAM FIRST, THEN DOWNSTREAM. ACCEPTABLE 
ALTERNATIVES INCLUDE GRAVEL VllTH RIP-RAP PROTECTION, SAND BAGS, STEEL PLATE AND ROCKFILL DURING 
lNSTALLATION, INSTALL AN IMPERVIOUS MEMBRANE, IF NECESSARY, TO UMIT LEAKAGE. DAMS MAY NEED KEYING INTO THE 
BANK AND STREAMBEO. 
EXCAVATE TRENCH THROUGH PLUGS AND UNDER FLUME FROM BOTH SIDES. WORK IS TO BE COMPLETED AS QUICKLY AS 
POSSIBLE. 
a. LOWER IN PIPE BY PASSlNG UNDER FLUME ANO BACKFILL IMMEDIATELY WlTH SPOIL MATERIAL. 
b. IT IS NOT NECESSARY TO DEWATER THE IN-S1REAM 1RENCH, HOWEVER, DISPLACED WATER SHALL 

SE PUMPED TO A STABLE UPLAND AREA TO AVOID OVERTOPPING OF DAMS DURING PIPE PLACEMENT. 
c. lF THE SP01L MATERIAL IS NOT SUITA8LIE, USE IMPORTED CLEAN GRANULAR MATERIAL 
d. IF ELAS11NG IS REQUIRED, USE CONTROLLED BLAS11NG TECHNIQUES TO PREVENT DAMAGE TO THE 

FLOW CONVEYANCE SYSTEM. AL TERNA TIVEL Y, BLASTING MAY BE ACCOMPLISHED PRIOR TO THE 
FLUME INSTALLATION BY ORllUNG THROUGH THE OVERBURDEN. 

EXCAVATED MATERIAL MUST NOT BE STOCKPILED VllTHIN lO FT. OF THE WATERCOURSE. THIS MATERIAL SHALL BE 
CONTAINED TO PREVENT SAiURATED SOIL FROM FLOWING BACK INTO THE WATERCOURSE. 
DEWATERING OF THE ONLANO TRENCH SHOULD OCCUR IN A STABLE VEGETATED AREA A MlNIMUM OF 50 FT_ FROM ANY 
WATERBODY. THE PUMP OlSCHARGE SHOULD BE DIRECTED ONTO A STABLE SPILL PAD CONSTRUCTED OF ROCKflLL OR 
TIMBERS TO PREVENT LOCALtZED EROSION. THE DISCHARGE WATER SHOULD ALSO BE FORCED INTO SHEET FLOW 
IMMEDJATELY BEYOND THE SPILL PAD BY USING STRAW BALES AND lHE NATURAL TOPOGRAPHY. 
FLUMES SHOULD BE REMOVED AS SOON AS POSSIBLE. WHEN NO LONGER REQUIRED FOR PIPE LAYING OR FOR ROAD 
ACCESS, IN THE FOLLOWING MANNER: 
o. REMOVE THE VEHICLE CROSSlNG RAMP. BANKS ARE TO BE RESTORED TO A STllBLE ANGLE AND 

PROTECTED WITH EROSION RESISTANT MATERIAL COMPATIBLE WITH THE FLOW CONDITIONS (E.G .• 
EROSION CONTROL BLANKETS, CRIBBING. ROCK RIP-RAP, ETC.) TO THE MAXIMUM EXTENT POSSIBLE 
BEFORE REMO\llNG THE Df\MS. 

b. REMOVE DOWNSTREAM DAM. 
e. REMOVE UPSTREAM DAM. 
d. REMOVE FLUME. 
e. COMPLETE SANK TRIMMING ANO EROSION PROTECTION. IF SANDSAGS ARE USED FOR THE DAMS, 

PLACE AND REMOVE BY HAND TO AVOID EQUIPMENT BREAKING BAGS. 
RESTORE THE STREAMBED AND BANKS TO APPROXIMATE PRE-CONS1RUCTION CONTOURS, BUT NOT TO EXCEED 2 
HORtZONTAL TO 1 VERTICAL. 
a. INSTALL PERMANENT EROS10N AND SEDIMENT CONTROL STRUCTURES AS INDICATED ON A SITE 

SPECIFIC BASIS. tN THE ABSENCE OF SITE SPECIFIC INFORMATION. A FLEXIBLE CHANNEL LINER SUCH 
AS NAG C125 OR C.350 WHICH IS CAPABLE OF WITHSTANDING ANTICIPATED FLOW SHALL BE 
INSTALLED. ALTERNATIVELY, ROCK RIP-RAP SHALL BE INSTALLED. 

b. ANY MATERIALS PLACED IN THE STREAM TO FACILITATE CONSTRUCTION SHALL EE REMOVED DURING 
RESTORATION. BANKS SHALL BE STABILIZED ANO TEMPORARY SEDIMENT BARRIERS INSTALLED AS 
SOON AS POSSIBLE AFTER CROSSING. BUT WlTHIN 24 rtOURS OF COMPLETING THE CROSSING. 

c. MAINTAIN A SILT ffNCE OR S1RAW BALE BARRIER ALONG THE WATER COURSE UNTIL VEGETA110N IS 
ESTABLISHED IN ADJACENT OtSTURBED AREAS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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CONSTRUCTION PROCEDURES: 

1. WHERE NECESSARY, OBTAIN PRIOR f<PPROVAL BEFORE USING THE DAM AND PUMP METHOD. 
2. If THERE IS ANY fl.OW IN THE WATERCOURSE, INST;\LL PUMPS TO MAINTAIN STREAMFLOW AROUND THE BLOCKED OFF 

SECTIONS Of Cl~ANNEL THE PUMP IS TO HAVE 1.5 TIMES THE PUMPING CAPACITY OF ANTICIPATED FLOW. A SECOND 
STANDBY PUMP OF EQUAL CAPACITY IS TO BE READILY AVAILABLE AT ALL TIMES. AN ENERGY DlSSlPATER IS TO BE 
BUil T TO ACCEPT PUMP DlSCHARGE WlTHOUT STREAMSED OR STREAMBANK EROSION. IF THE CROSSING IS PROLONGED 
BEYOND ONE DAY THE OPERATION NEEDS TO BE MONITORED OVERNlGHT . 

.3. SCHEDULE INSTREAM f<CTIVITY FOR LOW FLOW PERIODS IF POSSIBLE. 
4. MARK OUT AND MAINTAlN LIMITS OF AUTHORIZED WORK AREAS WITH FENCfNG OR FLAGGING TAPE TO AVOlD 

UNNECESSARY DISIURBANCE OF VEGETATION. ENSURE EQUIPMENT OPERATORS WORKING ON THE CROSSING HAVE BEEN 
BRIEFED ABOUT THIS PLAN AND THE MEASURES NEEDED TO PROTECT WATER QUAUTY. INSTALL PRE-WORK SEDIMENT 
CONTROL MEASURES AS SPECIFIED IN THE PLAN. ALL NECESSARY EQUIPMENT AND MATERlALS TO BUILD THE DAMS 
AND TO PUMP WATER MUST BE ON sm: OR READILY AVAILABLE PRlOR TO COMMENCING IN-WATER CONSTRUCTION. 
PIPE SHOULD BE STRUNG, WELDED AND COATED AND READY FOR INSTALLATION PRIOR TO WATERCOURSE TRENCHING. 

5. CONTRACTOR SHALL SUPPLY, INSTALL AND MAlNTAIN SEDIMENT CONTROL STRUCTURES, AS DEPICTED AND ALONG DOWN 
GRADIENT SIDES OF WORK AREAS AND STAGING AREAS SUCH THAT NO HEA\~LY S1LT LADEN WATER ENTERS STREAM. 

o. NO HEAVILY SlL T LADEN VIA TER SHALL BE DISCHARGED DIRECTLY INTO THE STREAM. 
b. EROSION ANO SEDIMENT CONTROL STRUCIURE LOCATIONS AS DEPICTED ARE APPROXIMATE AND MAY 

BE ADJUSTED AS DIRECTED BY THE COMPANY INSPECTOR TO ACIUAL SITE CONDITIONS. 
c. SILT FENCE OR STRAW BALE INSTALLATIONS SHALL INCLUDE REMOVABLE SECTIONS TO FACJUTATE 

ACCESS OURINC CONSTRUCTION. UTILIZE STRAW SALE BARRIERS ONLY IN LIEU OF A SlL T FENCE 
WHERE FREQUENT ACCESS IS REQUIRED. 

d. SEDIMENT LADEN WATER FROM TRENCH OEWATERlNG SHALL BE DlSCHARGED TO A WELL VEGETATED 
UPLAND AREA INTO A STRAW BALE OEWATERING STRUCTURE OR GEOTEXTlLE FILTER BAG. 

e. SEDIMENT CONTROL STRUCIURES MUST BE IN PLACE AT ALL TIMES ACROSS THE DISIURBED 
PORTIONS OF THE RIGHT-OF-WAY EXCEPT DURING E:XCAVATION/INSTALLATION OF THE CROSSING PIPE. 

f. SOFT DITCH PLUGS MUST REMA1N IN PLACE AT CONVENIENT LOCATIONS TO SEPARATE MAINLINE DITCH 
FROM TiiE RlVER CROSSING UNTIL THE RIVER CROSSING IS INSTALLED AND BACKFILLED. 

6. TO THE EXTENT POSSIBLE. MAINTAIN A MINIMUM 10 FEET VEGETATIVE BUFFER STRIP BETWEEN DISTURBED AREAS AND 
THE WATERCOURSE. INSTALL AND MAINTAIN A SILT FENCE UPSLOPE OF THE BUFFER STRIP ON EACH SIDE Of THE 
WATERCOURSE. THE SILT FENCE SHOULD INCORPORATE REMOVABLE ~GA TES" AS RE OU IRED TO ALLOW ACCESS WHILE 
MAINTAINING EASE OF REPLACEMENT FOR OVERNlGHT OR DURING PERIODS OF RAINFALL 

7. CONSTRUCT A TEMPORARY SUMP UPSTREAM OF THE DAM AND LINE WITH ROCKFILL lF A NATURAL POOL DOES NOT 
EXIST. INSTALL TiiE PUMP OR PUMP INTAKE IN THE POOL OR SUMP. DISCHARGE WATER ONTO AN ENERGY DISSIPATER 
DOWNSTREAM OF THE WORK AREA. 

8. EXCAVATED MATERIAL MUST NOT BE STOCKPILED 'MTHIN 10 FT. OF THE WATERCOURSE. THIS MATERlAL MUST SE 
CONTAINED WlTHIN BERM CONTAINMENT. WITH SECONDARY SILT FENCE PROTECTION TO PREVENT SATURATED SOIL FROM 
FLOWlNG BACK INTO THE WATERCOURSE. 

9. CHEMICALS, FUELS, LUBRICATING OILS SHALL NOT BE STORED AND EQUIPMENT REFUELED WliHIN 100 FT. OF THE 
WA TERBODY" PUMPS ARE TO BE REFUELED AS PER THE SPCC PLANS. 

10. STAGING AREAS ARE TO BE LOCATED AT LEAST 10 FT. FROM THE WATER'S EDGE (WHERE TOPOGRAPHIC CONDITIONS 
PERMIT) AND SHALL BE THE MINIMUM SIZE NEEDED. 

11. DAMS ARE TO BE MADE OF STEEL Pt.A TE, INtLA TABLE PLASTIC DAM, SAND BAGS, COBBLES, WELL GRADED COARSE 
GRAVEL FILL, OR ROCK FILL DAMS MAY NEED KEYING INTO THE BANKS AND STREAMBED. ENSURE THAT THE DAM AND 
VEHICLE CROSSING ARE LOCATED FAR ENOUGH APART TO ALLOW FOR A WIDE EXCAVATION. CAP FLUMES USED UNDER 
VEHICLE CROSSING DURING DRY CROSSlNG. 

12. DEWATER AREA BETWEEN DAMS lF POSSIBLE. DEWATERING SHOULD OCCUR lN A STABLE VEGETATIVE AREA A MINIMUM 
OF 50 FT. FROM ANY VIATERBODY. THE PUMP DISCHARGE SHOULD BE DfSCHARGEO .ONTO A STABLE SPILL PAD 
CONSTRUCTED OF ROCKFILL SANDBAGS, OR 1lMBERS TO PREVENT LOCALIZED EROSION. THE OlSCHARGE WATER SHOULO 
ALSO BE FORCED INTO SHEET FLOW IMMEDIATELY BEYOND THE SPILL PAD BY USlNG STRAW BALES AND THE NAIURAL 
TOPOGRAPHY DISCHARGED WATER SHALL NOT BE ALLOWED TO FLOW INTO ANY WATERCOURSE OR WETLAND. If IT IS 
NOT POSSJBLE TO DEWATER THE EXCAVATION DUE TO SOILS WlTH A HIGH HYDRAULIC CONDUCTIVITY, THE EXCAVATtON 
AND PIPE PLACEMENT lS TO BE CARRIED OUT IN THE STANDING WATER_ PUMP ANY DISPLACED WATER AS DESCRIBED 
ABOVE TO PREVENT OVERTOPPING OF DAMS. 

13. EXCAVATE TRENCH THROUGH PLUGS ANO STREAMSEO FROM BOTH SIDES, RE-POSIT!ONING DISCHARGE HOSE AS 
NECESSARY. LOWER THE PIPE IN THE TRENCH AND BACKFILL IMMEDtATELY. DURING THlS OPERATION WORK IS TO BE 
COMPLETED AS QUICKLY AS POSSIBLE. 

14. CONTRACTOR SHALL RESTORE THE STREAM SEO AND BANKS TO APPROX1MATE PRE-CONSlRUCTION CONTOURS, BUT 
NOT TO EXCEED 2 HORIZONTAL TO 1 VERTICAL. 

o. CONTRACTOR SHALL INSTALL PERMANENT EROSION AND SEDIMENT CONTROL STRUCIURES AS INDICATED ON A 
sm:: SPECIFIC BASIS. lN THE ABSENCE OF SlTE SPECIFIC INFORM A llON, A FLEXIBLE CHANNEL LINER SUCH AS 
NAG C125 OR C350 WHICH JS CAPABLE OF WlTHSTANDtNG ANTICIPATED fl.OW SHALL BE INSTALLED. 
ALTERNATIVELY, ROCK RIP-RAP SHALL BE INSTt<LLEO. 

b. ANY MATERIALS PLACED IN THE STREAM TO FAClLITATE CONSTRUCTION SHALL BE REMOVED DURING 
RESTORATION. BANKS SHALL BE STABILIZED AND TEMPORARY SEDIMENT BARRIERS INSTALLED AS SOON AS 
POSSlBLE AFTER CROSSING, BUT 'n~THlN 24 HOURS OF COMPLETING THE CROSSING. 

c. MAINTAIN A SILT FENCE OR STRAW BALE BARRIER ALONG THE WATER COURSE UNTIL VEGETATION IS 
ESTABUSHED IN ADJACENT DISTURBED AREAS. 

15. WHEN THE STREAMBED HAS BEEN RESTORED, THE CREEK BANKS ARE TO BE CONTOURED TO A STABLE ANGLE AND 
PROTECTED WITH EROSION RESlSTANT MATERIAL COMPATIBLE VllTH FLOW VELOCITY BEn'IEEN DAMS (E.G .. EROSION 
CONTROL BLANKETS, CRIBBING, ROCK RIP-RAP, ETC.). THE DAMS ARE TO BE REMOVED DOWNSTREAM FIRST. KEEP 
PUMP RUNNING UNTIL NORMAL FLOW lS RESUMED. COMPLETE BANK TRIMMING AND EROSION PROTECTION. IF SANDBAGS 
ARE USED fOR THE DAMS, PLACE /,ND REMOVE BY HAND TO AVOID EQUIPMENT BREAKING BAGS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 

WA Tf.:R'S EDGE 

SITE PLAN 
ENTRY SIDE 

CONCEPTUAL) 
PIPE PROFILE 

SOIL BORIN~2U,; , 

WATER'S EDGE .=-===- · 1 I 

PROFILE 

DR~~~i~~~, • ·.:--RstL T FENCE GA TE 
. . -I-; ·.· TO BE CLOSED 

~ MUD - - - J 'l <; WHEN NOT IN USE 

I \CLEANING :\_ACCESS FOR FRESH 
I . ] <1 WATER COLLECTION 

I D EXIT POINT 

:o 
I 
I 
1 00 
IFRAC 

i I TANKS 

L __ GENERATOR 

EXIT HOLE 

L PIPE STRING 
~;!_.:...;~-;!-=====-

11 

ADDITIONAL TEMPORARY 
R.0.W. MAY BE REQUIRED 
FOR THE WELDED PIPE 
STRING DEPENDING ON 
THE GEOMETRY OF THE 
CROSSING. 

lJ SOIL BORING 

NOTES: 

1. SET UP DRILUNG EQUIPMENT A MINIMUM OF 100 FEET FROM THE EDGE OF THE WATERCOURSE. LIMIT 
CLEARING BETWEEN DRILL ENTRY AND EXIT POINT TO HAND CUTIING BRUSH FOR TRACKING WIRES. 
ENSURE THAT ONLY BENTONlTE-BASED DRILLING MUD IS USED. 2. 

.3. 
4. 

5. 

INSTALL SUITABLE DRILLING MUD TANKS OR SUMPS TO PREVENT CONTAMINATION OF WATERCOURSE . 
INSTALL BERMS DOWNSLOPE FROM THE DRILL ENTRY AND ANTICIPATED EXIT POINTS TO CONTAIN ANY 
RELEASE OF DRILLING MUD. 
DISPOSE OF DRILLING MUD IN ACCORDANCE WITH THE APPROPRIATE REGULATORY AUTHORITY 
REQWREMENTS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 

I 
0 

I 
0 

0 
N 

5 
tit z 
0 
Vi 

DECK WIDTH FOR WIDEST EQUIPMENT 

STRINGERS TO BE 
DESIGNED BY AN 
ENGINEER TO SUPPORT 
EXPECTED LOADS 

ALL BRIDGES TO HAVE 
CURBS TO CONTAIN 
SEOfMENT OR DEBRIS 

~TIQN A-A 
, . ·., .. . • • • • ··i I 

BRIDGE APPROAC111~c: :-::~ ~~!c~gc~J~".:'":g:_Wi,.k~~~~i~~~L 
TO BE ADEQUATEL ~J SUCH AS AMOCO 4553 OR EQUIVALENT TO 

STABIUZED F'ORM STABLE APPROACH ROADS 

PLAN VIEW 

BRIDGE LENGTH 
SEE NOTE 2, DETAlL 16A 

DECK 

BRIDGE PROFILE 

ENSURE ADEQUATE OPENING TO 
ALLOW ANTICIPATED INCREASE 
INSTREAM DISCHARGE 

;;_CURB 

! I I I I I I i '1 I l 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONOITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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QQNSTBUQTIQN PRQQEO..~ 

IN GENERAL TERMS, THE FOLLOWlNG IS A SEQUENCE OF CONSTRUCTION PROCEDURES THAT ARE RECOMMENDED 
TO BE FOLLOWED FOR TEMPORARY BRIDGE CROSSINGS: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

A PORTABLE 8RIOGE, FLEXl-FLOAT OR FLUMED VEHICLE CROSSING MAY BE SUBSTITUTED FOR THE 
TEMPORARY BRIDGE. IT IS IMPORTANT TtiAT THE SIZE OF THE TOTAL OPENING BE SELECTED SO THE 
STRUCTURE CAN SAFELY PASS FLOOD FLOWS THAT CAN REASONABLY BE EXPECTED TO OCCUR DURING THE 
LIFE OF THE CROSSING. 

DETERMINE BRIDGE LENGTH REQUIRED AND FOLLOW EITHER METHOD A) OR 8) FOR DETERMlNING THE 
OPENING SIZE. IF A) IS FOLLOWED, A MINIMUM 6.5 FT. SETBACK ,fROM TOP OF BANK MUST BE PRESERVED 
AS A "NO DISTURBANCE AREA". IF ABUTMENTS OR PIERS IN THE S,'i'REAMBED ARE REQUIRED, METHOD B) IS 
TO BE FOLLOWED. <\ 

INSTALL THE BRIDGE IN A MANNER THAT WILL MINIMIZE T,EN'ttRlNG THE WATER. STRINGERS MUST 
BE DESlGNED TO SUPPORT THE LOADS EXPECTED ON THE £,':fCURBS MUST BE INSTALLED ALONG THE 
EDGE OF THE DECK TO CONTAIN SEDIMENT AND DEBRJ;J ON 1f!E BRIQGE. f ASTENERS CONNECTING 
COMPONENTS MUST BE STRONG ENOUGH TO HOLD 'Th!Ei~;clN POsrnoN DURING THE LIFE OF THE 
BRIDGE. CRIBS ARE TO BE FILLED WITH ROCK OR COB!3t:t;;;"RlR.::.;RAP EROSION PROTECTION IS TO BE 
PLACED AROUND THE CRIBS AND ON ANY FILL: ·s!..Of'E!? PROJEQ11NG INTO THE WATERBODY. 

ROAD APPROACHES LEADING TO .. THE BRID¢t:?'~us·F~i3~;;R(l!SED ;N~ STABLE so EQUIPMENT LOADS ARE 
SUPPORTED A SUFFICIENT DISTAN<;E BACK?fROM lP,E WA}J,::R TO REDUCE SEDIMENT AND DEBRIS ENTERING 
THE WATERBODY FROM EQUIPMEtiJ:'.TRACKSi'J}:llS~:;~~AY REQUIRE USING MATERIALS SUCH AS GRAVEL, ROCK 
OR CORDUROY. DO NOT USE SOIL tq:·.coNSTRlJCT OR ~'fABIUZE EQUIPMENT BRIDGES. IF CUTS ARE NEEDED 
TO OBTAIN A SATISFACTORY GRADE;'' ™E)' ARE•I(} f1E;DUG YIHH SIDE DITCHES AND STABLE SLOPES. 
EROSION ANO SEDIME~T.CQNT,ROL MEASIJ~ES ARE TO BE INSTALLED TO KEEP SEDIMENT ON LAND (E.G., 
SILT FENCING, FILTE~'CLO)}f,RrP""'.'8A!:', SEEO .• AND MULCH, ETC.) 

,,,,-:,_, __ ' - ' '-' :-~- ' -- -, 

MAINTAIN A SILT FENCE ~'EACH SiDE;OF;;THE'WATERBODY EXTENDING A MINIMUM OF 10 FEET BEYOND 
THE WiDTH OF DISTURBANCE:t:tJNTIL VEGETATION HAS BEEN ESTABLISHED IN UPSLOPE AREAS. 

PERIODICALLY CHECK BRIDGE;il~~t,i\LLATION AND REMOVE ANY BUILD-UP Of" SEDIMENT OR DEBRIS ON THE 
BRIDGE. DISPOSE OF THIS MATERlAl)N A LOW LYING AREA AT LEAST 100 fEET FROM THE WATERBODY. 

REMOVE TEMPORARY CROSSINGS AS SOON AS POSSIBLE AFTER FINAL CLEAN-UP. MATERIALS PLACED 
ALONG THE WATERBODY SHOULD BE COMPLETELY REMOVED DURING FINAL CLEAN-UP. REMOVAL SrlOULD 
NOT OCCUR OUTSIDE THE CONSTRUCTION WINDOWS. SURPLUS GRAVEL IS TO BE SPREAD ON THE 
RIGHT-OF-WAY AS GRAVEL SHEETING, IF GRADATION IS SUITABLE, OR MOVED AT LEAST 100 FEET FROM 
TOP OF BANK FOR DISPOSAL. BRIDGE MATERIALS ARE TO BE REMOVED FROM THE CROSSING AREA. THE 
WATERBODY BED AND BANKS ARE TO BE RESTORED TO A STABLE ANGLE AND PROTECTED WITH 
EROSION RESISTANT MATERIAL COMPATIBLE WITH THE EXPECTED FLOW CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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LOCATE SO TRENCHING DOES NOT 
AFFECT THE TEMPORARY CROSSING 

\ 

B 

l 

SILT 
FENCE 
(TYP.) 

FLOW 

RIP-RAP OR 
SANDBAG 

PROTECTION 
(AS NEEDED) 

PLAN VIEW 

HAYBALE GATE TO BE 
OPENED ONLY DURING 
VEHICLE CROSSING TOP OF BANK 

ROCK SCOUR 8 
PROTECTION FLOW 
(AS NEEDED) J 

TOP OF 
BANK 

USE ROCK CORDUROY OR TIMBER MA TS 
TO FORM STABLE APPROACH ROADS 
EXTENDING BACK FROM THE EDGE OF 
THE WATERCOURSE 

TOP OF 
SANK 

D SPACING WlDTH 
(APPROX. )2 DtA. 

SECTION A-A 

TOP OF PIPE TO BE LONG ENOUGH 
BANK FOR STABLE FILL SLOPES 

FLOW 

STREAM BED 

SECTION 8-8 
g CONSIBl!CTIQN PROCEDURES· 
m 
w THE FOLLOYllNG IS A SEQUENCE Of CONSTRUCTION AND PROCEDURES MEASURES TO BE fOLLOV1£D AT ALL TEMPORARY FLUME VEHICLE CROSSINGS, 
i:::: 
~ 

I 
0 
"j 
0 

0 
N 

1. A PORTABU: FlEXl-FLOAT, OR TEMPORARY BRIDGE MAY BE SUBSTITUTED FOR THE TEMPORARY FLUME CROSSING. 
2. THE LENGTH OF THE FLUME SHA!.L BE SUFFlCIENT TO SPAN THE ENTIRE AREA REOOIREO FOR VEHICULAR ACCESS, EXTENDING 4 FEET BEYOND 

TOE OF ALL MATERIAL. SO TRENCHING W1LL NOT AFFECT THE ROAD CROSSING. A LONGER PIPE IS TO BE USEO, IF NEEDED, TO MAJNTAIN 
STABLE SIDE SLOPES. FLUME CAPACITY TO BE BASED ON THE 2-YEAR DESIGN FLOW OR MAXIMUM FLOW ANTICIPATED TO OCCUR DURING 
INSTALLATION, AS SPECIFIED IN CONSTRUCTION DOCUMENTS. 

J. miERE PRACTICAL, BACKFILL AROUND THE PIPES AT iHE ROAD l'imt ClEAN, COARSE ROCK ALL MATERIAL IF SCOOR IS POSS!BLE, RIP-RAP 
IS TO BE Pl.AC€D ON THE WATERBODY BED DOWNSTREAM Of" THE PIPE OUTLET EXTENDING A MINIMUM OF TWO PIPE DfAMETERS. 
ALTERNATIVELY, TIMBER EQUIPMENT MATS, SAND BAGS OR TIMBER CORDUROY MAY BE USED TO FORM THE TRAVEL SURFACE. 

4. TO REDUCE D£BRIS ENTERING THE WATERBODY FROM EQUIPMENT TRACKS, THE APPROACH ROAD LEADING TO THE CULVERT CROSSING MUST 
BE RAJSED Af!D STABLE SO EC\J!PMENT LOADS ARE SUPPORTED A SUFFICIENT DISTANCE BACK FROM THE WATER. IF CUTS ARE NEEDED TO 
OBTAIN A SATISFACTORY GRADE, THEY ARE TO BE DUG V.HH SIDE DITCHES AND STABLE SLOPES. EROSION AND SEDIMENT CONTROL 
MEASURES ARE TO BE INSTALLED TO LIMIT THE POTENTIAL FOR SE01MENT TO ENTER THE WATERSODY (E.G., CHECK DAMS, SILT FENCE, 

O RIP-RAP, SE£0 AND MULCH. SEDIMENT TRAPS, ETC.). 
5. PERlODICALtY CHECK THE TEMPORARY CROSSING INSTAUATION AND REMOVE mY BUILD-UP OF SEDIMENT OR DEBRIS ON THE BRIDGE. 

~ DISPOSE Of" THIS MATERIAL AT LEAST 100 FEET FRO.\i ll1E WATERBODY AND ABOVE lHE HIGH WATER LEVEL 
o 6. FOLLOl'.ING COMPLETION OF THE CROSSING, REMOVE ROCl<flLL IN/OR AROUND FLUME PIPES FROM THE WATERBOOY OR wt::Tl.AND. 
Vi 7. RESTORE STREAM BANKS ANO WATERE!ODY BOTTOM. 
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THESE ARE TYPICALDRAWtNGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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CONSTRUCTION PROCEDURES: 

1. THIS TYPICAL DRAWING PROVTDES FOR A RAILCAR BRIDGE EQUlPMENT 
CROSSING. 

2. 

3. 

4. 

BRIDGE SHOULD BE A MINIMUM OF 12 FEET LONGER THAN BANK TO 
BANK WIDTH. 

BEST MANAGEMENT PRACTICES UTILIZING E~OSiON;.GONJROl DEVICES, 
SUCH AS HAY BALES ANO SILT FENCE ARE<REQUIREi)''TO PREVENT 
SEDIMENTATION OF THE STREAM. EROSION PROTECTION. SHALL BE PLACED 
ON THE STREAM BANKS. • · ·· v 

DURING FINAL CLEAN-UP, REMOVE ]2M~~RA~iEgUIPMENT CROSSINGS 
AS SOON AS POSSIBLE. IN$!ALLED J.,{~TERlALS, St:JCH AS HAY BALES 
AND SILT FENC~,MUST BEl:~EMOVED•'AN!:JMISPOSED IN ACCORDANCE 
WITH STATE ANl):'lOCAl RE!.GULATIONS AND REQUIREMENTS. THE 
STREAMBED, BA..... ... ND AREAS AFFECTED BY CONSTRUCTION OF THE 
TEMPORARY EOUI ... .'[. CRO$SNG. StiQ!)lD BE RESTORED TO A STABLE 
CONDITION. IF REQUIRE;IJ'.:<(Q PRE\lf:':N!.lRANSPORT OF SEDIMENTATION TO 
THE FENC~·~~.OULD BE INSTALLED AT THE TOP OF THE 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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INSTALL AND ANCHOR llNERS FOllOWlNG MANUFACTURER'S INSTRUCTIONS. 
PREPARE SOIL BEFORE IN$TALt!NG CHANNEL LINER, INCLUDING THE APPLICATION OF 
SEED. CHANNEL LINERS SHOUl::D EXTEND COMPLETELY ACROSS DISTURBED BANK AREAS TO PROTECT 
ERODIBLE SURFACES. 
BEGIN AT THE END OF THE CHANNEL BY ANCHORING THE LINER IN A TRENCH. SACKFll.L ANO COMPACT 
THE TRENCH AFTER STAPLING. 
ROLL UNER IN DIRECTION OF WATER FLOW. 
INSTALL LINERS ENO-OVER-END (SHINGLE STYLE) WlTH OVERLAP USING A DOUBLE ROW OF STAGGERED 
STAPLES 4 INCHES BELOW THE FIRST ROW IN A STAGGERED PATTERN. 
IN HIGH FLOW CHANNEL APPLICATIONS, A STAPLE CHECK SLOT IS RECOMMENDED AT 30 TO 40 FEET 
INTERVALS. USE A ROW OF STAPLES 4 INCHES BELOW THE FIRST ROW IN A STAGGERED PATTERN. 
INSTALL CHANNEL LINER TO THE TOP OF THE DEFINED CHANNEL SECTION. TWO OR MORE ROWS OF 
BLANKETS MAY BE NECESSARY, THESE LINERS MUST BE OVERLAPPED 4 INCHES AND STAPLED. 

~ 9a 

0 
THE CHANNEL LINER SHOULD EXTEND TO THE BASE OF THE CHANNEL AND STAPLED. FOR CHANNELS WITH 
VERY LITTLE OR NO FLOW, EXTEND A MINIMUM OF 1 FOOT BELOW THE LOW WATER LEVEL AND STAPLE IN 
PLACE. 
fNSTALLATION SPECIFICATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SITE CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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RIVERBANK 

5' MIN. 
SEE NOTE 8 

GEOTEXTILE AMOCO 
4553 WHERE REQUIRED 

] 
0 
7 
0 

~ 
EXTEND TO BOTIOM 

OR 10' 

SECTION 

' (OR EQUIV.) 
'-.._NATURAL OR 

GRADED SLOPE~ 

12" MINIMUM DEPTH OR ' 
2 TIMES SPEClFIED 
MAXIMUM PARTICLE SlZE 

~ 
(JJ s z 1. 

'"' z 2. 

REMOVE ALL STUMPS, ORGANIC MATERIAL AND PREPARE BANKS TO A STABLE CONFIGURATION TO A 
MAXIMUM SLOPE OF 2 HORIZONTAL TO 1 VERTICAL. 
CONSTRUCT TOE TRENCH TO KEY IN BOTIOM OF RlP-RAP PROTECTION. 

~ r.:: 3. 
0 

INSTALL FILTER CLOTH (GEOTEXTILE), SUCH AS AMOCO 4553 OR EQUIVALENT, UNDER ROCK W'HERE 
SPECIFIED OR AS DIRECTED BY THE COMPANY. ADJOlNING EDGES OF CLOTH SHALL OVERLAP A MINIMUM OF 

0 
~ 12". 
<( 

~ 
4. ROCK UTILIZED FOR RIP-RAP SHALL CONSIST OF SOUND, DURABLE ROCK, AND RESISTANT TO WEATHERING. 

:::> INDIVIDUAL PIECES SHOULD BE ANGULAR. BLOCK SHAPED ANO HAVE A MINIMUM SPECtF!C GRAVlTY OF 2.2. 
~ 5. INSTALL RIP-RAP TO A THICKNESS OF APPROXIMATELY 2 TIMES THE MAXIMUM EQUIVALENT DIAMETER OF 
1 THE RIP-RAP. EACH LOAD. SHOULD BE WELL GRADED. A WELL GRADED MIXTURE IS COMPOSED 60% 
t (MINIMUM) OF LARGER SIZES WITH 403 OF SMALLER SIZES TO FILL THE VOIDS. 
~ 6. SIZE OF RIP-RAP !$ DEPENDENT UPON THE PREDICTED FLOW CONDITIONS. 

7. KEY IN THE EDGES OF THE RIP-RAP AND FILTER CLOTH TO NATURAL GROUND CONTOURS SO THAT 
0 UNDERMINING DOES NOT OCCUR'. 
t11 8. RIP-RAP IS TO SE INST ALLEO TO 2 FEET. ABOVE THE NORMAL HIGH WATER MARK OR 5 FEET ALONG THE 
§ SLOPE, W'HICHEVER lS LESS. 
~ 9. INSTALLATION SPECIFICATIONS TO BE MODIFIED TO SUIT ACTUAL SITE CONDITIONS. 
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THESE ARE TYPICAL DRAWJNGS; ACTUAL SITE CONDIT! NS MAY VARY FROM Tl-IE SITE GRAPHICALLY REPRESENTED. 

WlDTH OF EXISTING ROAD OR RAILROAD R.O. W. 
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0 
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0 
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N 

I-

CROSSING PIPE TO EXTEND TO 
RIGHT-OF-WAY (MIN.) 

r MARKER 
SIGN 

CLEAR FENCE LINE 
HORIZONTAll Y BY 2" MIN. 

LINE .. I .. HEAVY WALL CROSSING PIPE 
PIPE (SEE NO IE 4) 

BORE ANNULUS TO BE 
NO LARGER THAN 1" 

GREATER THAN COATED 
LINE PIPE 

, rCROWN v OF ROAD 

ROAD RIGHT-OF-WAY 

MARKER 
S!GN 

w a.. 
0 
....J 
Ul 

I-

HEAVY WALL CROSSING PIPE .. I .. UNE 
(SEE NOTE 4) PIPE 

NOTES: 

8 1. CROSSINGS SHALL BE IN ACCORDANCE WlTH APPLICABLE PERMIT. 
iii 2. 
~ 3. 
a 

ROAD CROSSING PIPE SHALL EXTEND AT MINIMUM TO RIGHT-OF-WAY UNE UNLESS OTHERWISE SPECIFIED. 
THE TYPE ANO MINIMUM REQUIRED LENGTH OF PlPE FOR CROSSINGS OF ROADS SHALL BE AS SPECIFIED ON 
ALIGNMENT SHEETS. 

~ 4. 
~ 5. 
ll:'. 

PIPE FOR BORED CROSSINGS TO INCLUDE ABRASION-RESISTANT (ARB) COATING. 
PIPELINE MARKER ANO TEST STATIONS TO BE INSTALLED ON RIGHT-OF-WAY UNE NEXT TO FENCE lF 
POSSlBLE. 
THE CROSSlNG PIPE SHALL BE STRAIGHT WITH NO VERTICAL OR HORIZONTAL BENDS WITHIN ROAD 
RIGHT-OF-WAY. 
MINIMUM PIPELINE COVER IN DRAlNAGE DITCHES AT PUBUC ROADS IS 60 INCHES; 36 INCHES IN 
CONSOLI DA TEO ROCK. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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WlLLOWS 

(OPTIONAL)\>, . 

WATERLINE 

WILLOWS 
(OPTIONAL) 

UNDISTURBED 
BANK 

WATERLINE 

. ' 

5/16" 
CABLE 

GEO TEXTILE 
FIL TERCLOTH 

CLAY 
BACKFILL 

FINAL 
GRADE 

UNDISTURBED 
BANK 

LOGS TO BE 
KEYED INTO BANK 

1. LOG WALLS TO BE CONSTRUCTED USlNG CONIFEROUS MATERIAL. 
2. NATURE BACKFILL OR LOOSE GRADE MATERIAL SHOULD BE USED AS Fill MATERIAL 
3. ANCHOR PILINGS OR OEADMAN ANCHORS TO BE USED TO SECURE CABLE IN BANK. 
4. NON-WOVEN FILTER CLOTH (NYLEX C34 OR EQUIVALENT) TO BE USED TO LINE LOG WALL 
5. INSTALLATION SPEClFlCATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SITE 
CONDITIONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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WATERLINE 2-3 FEET 

W1LLOWS 
(OPTIONAL) 

FINAL 
GRADE 

···~ 
,;--~~ BACKSLOPE l- ~ANGLE 

CLAY BACKFILL ANO 
GEOTEXTILE FABRIC 

~ WATERLINE 
~ 

6 2~ 
J. 3. 

~ 4. 

....- 5. 
0 

!£ 6. 
~ 7. 

NATURE BACKFILL OR LOOSE GRADE MATERIAL SHOULD BE USED TO MINIMIZE AIR SPACES. THIS 
ALLOWS PROPER SOIL FABRIC CONTACT, WHlCH MINIMIZES STEELING AND SCOURING DURING RUNOFF 
AND ENSURES SURVIVAL OF THE WILLOW CUTTINGS. 
PLYWOOD FORMS (8'x2'} MAY BE REQUIRED TO HELP RECONSTRUCT STEEP OR VERTICAL BANKS, 
GRID LAYERS SHOULD NOT EXCEED 3 FEET IN HEIGHT WlTH A MINIMUM OF 3 FEET SET IN BANK. 
WILLOWS SHOULD BE HARVESTED AS CLOSE TO INSTALLATION AS POSSIBLE, PREFERABLY THE 
PREVIOUS DAY BUT NO MORE THAN 2 DAYS EARLY. 
WILLOWS SHOULD BE 0.5 TO 1 INCH IN DIAMETER AND 2 TO 3 FEET LONG WITH NO MORE THAN 10 
INCHES LEFT EXPOSED. 
PLANTING RATE SHOULD BE APPROXIMATELY 1 STEM PER 6 INCHES. 
INSTALLATION TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SITE CONDITJONS. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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PLAN VIEW 

40' SEE NOTE 1 
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12" TOPSOIL 
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DRAIN TILE-

50' 

25' 25' 

- -DRAIN TILE 

60' WORKING SIDE 

25' 35' 
TEMPORARY 
EASEMENT 50' PERMANENT EASEMENT 

110' CONSTRUCTION R.0.W. 

TEMPORARY 
EASEMENT 

H ELEVATION 
S NOTES: 
z 

~ 1. THE OFFSET FROM A FOREIGN PIPELINE, WHERE APPLICABLE, WILL BE 40' FOR MOST LOCATIONS, BUT MAY 
~ BE INCREASED OR DECREASED DEPENDING ON THE SITE SPECIFIC CONSTRUCTION REQUIREMENTS. 
0:: 

0 2. THE MINIMUM CLEARANCE BETWEEN THE TOP OF PIPE AND THE BOTTOM OF DRAIN TILE WILL BE 12 INCHES. 

~ 3. INSTALLATION SPECIFICATIONS TO BE MODIFIED AS NECESSARY TO SUIT ACTUAL SITE CONDITIONS. 
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ii\ 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDITI NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWlf'JGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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SUP COUPLINGS FOR END CONNECTIONS 

RIGID PVC PIPE OR DOUBLE WALL 
CORRUGATED PLASTIC PIPE WITH 
TEMPORARY SUPPORT & SLIP 
COUPLINGS FOR END CONNECTIONS 

REP AIR/EXISTING PIPE 
12" OVERLAP (TYP.) 

NA TUR AL GRADE 

IMMEDIATELY REPAIR TILE IF WATER IS FLOWING THROUGH TILE AT TrME OF TRENCHfNG. 
SCREEN ALL EXPOSED ENDS OF TILE LINES. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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ORIGINAL POSITION OF TILE 
BEFORE EXCAVATION RELOCATED POSlTION OF TILE LINE 

AFTER EXCAVATION (SEE NOTES 1 & 2) 
----r~ ~-~~~~~~~~~~-

l:iltr$~~~>i~.3 -B. 

TILE DIMENSIONS AND QUALITY SHALL BE EQUAL TO THAT 
OF EXISTING TILE AND CUT TO NECESSARY LENGTH 

EDGE OF 
EXCAVATION 

CHANNEL OR RIGID PIPE 
(SEE NOTES 5 & 6) 

PLAN VIEW 

USE SAND FILLED OR SAKRETE 
SACKS SET ON PIPE TO MAINTAIN 
A POSITIVE SEPARA TlON 

If' TOTAL SPAN EXCEEDS 
10 FEET PIPE SHALL 

DRAIN 
TILE 

BE USED TO PROVIDE TYPICAL 
CONTINUOUS SUPPORT 

ENO VIEWS 

CHANNEL 
(SEE TABLE BELOW) 

--v~~ SOIL 

SECTION "A-A" CHANNEL 
(SPANS < 10 FEET) 

FLAME CUT APPROX. 
3-6" SLOTS, 

1'-0" c/c. 
IN TOP THIRD OF PIPE 

TILE FULL LENGTH 
OF INTERIOR 

RIGID PIPE 
(SEE TABLE BELOW) 

~(,;JIQN "A-['/ RIJ;z!Q PIPE 
(SPANS > 10 FEET) 

N 
l'iQlE_S; 

N 
l. 

§ 
< 
~ 
;::) 4, 
;?; 5. 
I 

I 6. 

'° g 

5 7. 
8. 

TILE REPAIR SHALL MAINTAIN ORIGINAL ALIGWAENT ANO GRADIENT 
WHEN ANGLE "A•. BETWEEN PIPELINE ANO ORIGINAL TlLE. IS MORE 
THAN W FEET UNi,,ESS OTHERWISE DIRECTED BY lHE PRO,!£CT 
REPRE:SENTA TIVC:. 

MINIMUM SUPPORT TABLE 

VIHE.'11 ANGLE "A" IS LESS THAN 20 FEET, UNLESS OIBER'~11SE 
OIRECTEO BY COMPANY, ANGLE ·i:r SH•\LL BE 45· roR: USUAL 
Vi10lHS Of' TRENCH. F'OR EXTRA W10THS. Ii MAY BE GREA.'ltR AS 
OIRECTEO BY THE PROJE:CT REPRESENTAT1vt. 
~ f"OOT MINIMUM U:NGTH Of CHANNEL OR ll!GID PIPE $HALL BE 
SUPPORTED SY UNDIST1JR!lEO S0¢1., OR iF CROSSING IS NOT AT 
RIGHT ANGU:S TO GAS PIPELINE. EQUIVALENT lf.NGTH 

TILE SIZE . 
3" 

,f'-5" 
6"-9" 

10" 

CH/1NNEL SIZE 

4" @ 5.4 #/FT. 
5" @ 6.7 #/FT. 
7" @ 9.8 #/FT. 

10" @ 15.3 #/FT. I 

PIPE SIZE 

4" STD. WT 
6" STD. WT 

8"-10" STD. WT 

12" STD. WT 

PO<PENOICULAR TO TRENCH. $.'ilM V.l'IH SAKR!:l!. $A,."il) SAGS OR CONCRETE !lLOCKS TO UNOISTUR!lt:D SC<L F'OR SUPPORT ANO ORAINAGf.'. 
GRAO!ENi MAINTENANCE (TYPICAL BOiH SIDES), 
DRAINAGE lll( SHALL BE REPLACEO SO THAr Its F"ORMER G.'?AD1ENT AND AUCNMENT A,'<E RESTORED. 
DIAMETER Of" RIGID PIPE SHALL BE or ADEQUATI': SIZE TO AlLOW fCR iHE INSTALLATION or TI~E nu: F"OR THE FULL LENGm Of THE RIGID 
PIPE. 
OTHER METHODS OF SUPPORTING DRAIN TILE MAY BE USED fF ll:fE ALTERNATE PROPOSED IS EQUIVALENT IN S1RENGIB TO THE CHANNEL/PIPE 
SECTIONS SHOl'/N AND IF APPROVED BY THE PROJECT REPRESENTATIVE IN ADVANCE. SITE SPECIFIC ALTERNATE SUPPORT SYSiEM ro BE 
DEVELOPED BY THE PROJECT REPRESENTATIVE AND FURNISHED TO CONTRACTOR FOR SPANS IN EXCESS OF 20 FEET, TIU: GREATER THAN 10 
INCHES DIAMETER, AND FOR HEADER SYSTEMS. 
All MAiERIAL TO BE FURNISHED BY CONTRACTOR. 
PRIOR TO REPAIRING TILE, CONTRACTOR SHALL PROBE INTO THE EXISTING TILE TO IBE FULL Y~Offi Of THE RiGHT-OF-WA.Y TO OETERM!NE IF 

~ ADDITIONAL DA.MAG£ HAS OCCURRED. ALL DAMAGED/DISTURBED TILE SHALL BE REPAIRED AS NEAR AS PRACTICABLE TO ITS ORIGINAL OR 
o BETTER CONDfilON. 
in 9. "NlGHT CAP" OPEN ENDS OF PIPE AND/OR DRAIN TlLES IF RE;PAIRS ARE NOT COMPLETI::D SY E:ND OF WORK DAY. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE cmmm NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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MAT(S) OR EQUAL 

A 
t 

CLEANING STATION NOTES; 

SECTION A-:-A 

~\'·:~:;-,,'''.,,, 

\' '. 

/TOPSOIL 

rSUBSOIL/SPOIL (IF ANY) 

· _..,...-NOTE THAT FILTER FABRIC OR 
/ STRAW BARRIER IS REQUIRED 

IF SUBSOIL/SPOIL IS TO BE 
A PLACED ON TOPSOIL 

j 

1. ALL EQUIPMENT Will BE REQUIRED TO SE Ct:EANED AT EQUIPMENT CLEANING STATIONS 
LOCATED AS SHOWN ON THE CONSlRUCTION DRAWINGS OR AS DIRECTED BY THE 
EN'111RONMENTAL INSPECTOR../ :, r· /;: 

2. STOCKPILE TOPSOILr!?UBSot:ii AS ~J4~WN OR IN ANY CONFIGURATION APPROVED BY THE 
EN'111RONMENTAL INS~ECTOR. \. 

3. SHOVELS O~>PTHER H~Nr:) .yoc:lt.$,A.No/OR COMPRESSED AIR WILL BE USED TO REMOVE AS 
MUCH AS MUQ;i SOJL AS l;!~ACTIC'AL, FROM TRACKED EQUIPMENT. EFFORT WILL BE FOCUSED 
ON TRACKS AND"8LADES. . • 

4. IF CONDII!ONS ~~f ,:MJJD~+: WHEELED EQUIPMENT \'ilLL ALSO BE CLEANED USING HAND 
TOOLS TO REMOVE EXCESS SOIL FROM TIRES AND WHEEL WELLS. 

5. CLEANING \'llLL BE CONDUCTED ON CONSTRUCTION MATS OR OTHER RAISED SURFACE TO 
MINIMIZE REATIACHMENT Of SO!L THAT HAS BEEN PREVIOUSLY REMOVED. 

6. MATS V11LL BE CLEANED BETWEEN EACH PIECE OF EQUIPMENT. 

7. SOIL COLLECTED DURING THE CLEANING PROCESS Will BE STOCKPILED AT A CONVENIENT 
LOCATION NEAR THE CLEANING STATION AND DISPOSED OF IN AN ACCEPTABLE LAND FILL. 

8. IF THE SOIL HAS A SIGNIFICANT COMPONENT OF SUBSOIL, IT WILL BE PLACED OVER THE 
BACKFILLED TRENCH OR IN THE ADJACENT SPOIL STORAGE AREA, AND SUBSEQUENTLY 
COVERED W1TH TOPSOJL. IF THE LAND OWNER DIES NOT APPROVE Of ON-SITE DISPOSAL, 

o THE SOIL WILL BE TAKEN TO AN APPROVED DISPOSAL SITE. 

5 9. SOILS CONTAMINATED WITH OIL OR GREASE VlqLL BE REMOVED AND DISPOSED OF IN 
~ ACCORDANCE PROJECT SPCCC PLAN. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 

6 
I 
0 
0 
C'f 

N 

ci 
CD 
< 
...J 

s 
(fl 

5 
w 
fl! 

PRESSURE'"""""" 
WASHER "' 

@A 
t 

WASH STA TICN NOTES; 

llRAJN 
{W NECESSA..l~Y) 

srAau:: 
SURFACE 

S!<ID PADS 

EXIT {CLEAN) 

BERM 

A 
.t 

1. ALL EOIJ!PMENT AND V"'c.HICLES ARE REOJIREn,TO St filk~EO AT WASH STATICN LOCATIONS SHOWN ON TliE CCNSTRUCTION DRA'MNCS 00 AS 
DIRECTED BY THE ENV.RONM~rAL INSPEClat')~'ASH SJAT!ONS l'ilLL BE CONSTRUCTED BY THE CONTRACTOR. WASHINGS WILL BE CARRIED OUT 
UNO€R nu: SUPi:R\llSION Al<!) 19, SATISf"ACTION?!Jf THE ~VlRONMENTAL INSPECTOR. 

2. WASH WATER US"ED FOR CLEANING\'1LL NOT SE/ALLOWED TO ENTER ANY WATERBODY. WETLAND, OR IRRIGATION CANAL/DITCH. ANY SOILS 
CONTAMINATEO BY PETROLEUM-BAstD, OR,OJHER UNDESIRABLE MATERll•lS FROM \'/ASH STATIONS Will SE REMO\'EO. 

3. THE SIZE Of STATION WILL &: ADEQUATE TO ACCOIJMOOATE THE MAXIMUM SIZE Of EQUIPMENT EXPECTED. 

4. EQUIPME:<'H 'MU. CCNSISiENTl Y ENTER THE "DIRTY END" ANO EXIT Tili:: "CLEAN END •• 

5. STABLE DRAINAGE FROM THE SITE Yt;LL BE PROVIDED (If NECESSARY). NO DISCHARGE TO STREAMS OR v.tTLANDS WILL BE ALLOW£D. 

6. WAS!i STATIONS l'illl BE: EQUIPPED ViliH SKID PADS 00 VIASt! RACKS iO PJlEV!:'.Nf SOfL !'ROM BEJNG CARRrED ON TRACKS OR i1R£S AS 
EOUlPMENT AND VEHICLES EXIT THE WASH STA110N. SKIDS ARE TO BE CLEANED EACH TIME A PIECE OF EQIJfPMENT lS CLEANED. 

7. GRAVU ALL (tr REQ1.JIRED) ANO ALTER FABRIC l'i!LL BE: m:MOVEO ANO DISPOSED OF IN AN ACCEPTABLE: LAND FILL. 

B. THE DEPRESSlON V.1LL BE BACKFILLED \WTH BERMEO MATEFNAL 

9_ CLEANING SffE'.S WILL Si: MONITCREO DURING THE POST CONSiRUCilON MCNliORING PROGRAM ANO WEEDS V.1LL !lE CONTROLLED PER i'HE: tlOXIOUS 
WEED MANAGEMENT PLAN. 

uxp Energy Services Inc. 
"•1.eoo~Ji<•11• •1.!JSD,:r.!155523 
t)..'"CMoL~r1M~ ~· 

:: ........ FL JZ:!O:e :.-,~exp. 

www.•Kp.com ___ .... ___ .., .... 

TC...M_BR.OWG 8.5X11 

DETAIL 31 
EQUIPMENT WASH STATION DETAIL 

CHECKED BY: OES!GN CHECKER: 

WSF RW P1UXJ 

~S~C-AL-E~~~~TD_Y_ffi~N-o~~~~~~~~~~~~--.~R-fY-

0
-

2
--1 

N.T.S. 4359-03-ML-05-714 

CADD ORJ~WING: DO NOT MAKE MANUAL REVISIONS 
020491



THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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THESE ARE TYPICAL DRAWINGS; ACTUAL SITE CONDIT! NS MAY VARY FROM THE SITE GRAPHICALLY REPRESENTED. 
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15 

16 

17 

18 

19 

The purpose of the Project is to transport incremental crude oil production from the Western Canadian 
Sedimentary Basin ('WCSB") to meet growing demand by refineries and markets in the United States 
("U.S."). This supply will serve to replace U.S. reliance on less stable and less reliable sources of 
offshore crude oil. Ex TC-1, 1.1, p. 1; Ex TC-1, 3.0 p. 23; Ex TC-1, 3.4 p. 24. 

The Project will consist of three segments: the Steele City Segment, the Gulf Coast Segment, and the 
Houston Lateral. From north to south, the Steele City Segment extends from Hardisty, Alberta, Canada, 
southeast to Steele City, Nebraska. The Gulf Coast Segment extends from Cushing, Oklahoma south to 
Nederland, in Jefferson County, Texas. The Houston Lateral extends from the Gulf Coast Segment in 
Liberty County, Texas southwest to Moore Junction, Harris County, Texas. It will interconnect with the 
northern and southern termini of the previously approved 298-mile-long, 36-inch-diameter Keystone 
Cushing Extension segment of the Keystone Pipeline Project. Ex TC-1, 1.2, p. 1. Initially, the pipeline 
would have a nominal capacity to transport 700,000 barrels per day ("bpd"). Keystone could add 
additional pumping capacity to expand the nominal capacity to 900,000 bpd. Ex TC-1, 2.1.2, p. 8. 

The Project is an approximately 1,707 mile pipeline with about 1,380, miles in the United States. The 
South Dakota portion of the pipeline will be approximately 314 miles in length and will extend from the 
Montana border in Harding County to the Nebraska border in Tripp County. The Project is proposed to 
cross the South Dakota counties of Harding, Butte, Perkins, Meade, Pennington, Haakon, Jones, Lyman 
and Tripp. Ex TC-1, 1.2 and 2.1.1, pp. 1 and 8. Detailed route maps are presented in Ex TC-1, Exhibits 
A and C, as u dated in Ex TC-14. 

Construction of the Project is proposed to commence in May of 2011 and be completed in 2012. 
Construction in South Dakota will be conducted in five spreads, generally proceeding in a north to south 
direction. The Applicant expects to place the Project in service in 2012. This in-service date is consistent 
with the requirements of the Applicant's shippers who have made the contractual commitments that 
under in the viabilit and need for the ro·ect. Ex TC-1, 1.4, . 1 and 4; TR 26. 

The pipeline in South Dakota will extend from milepost 282.5 to milepost 597, approximately 314 miles. 
The pipeline will have a 36-inch nominal diameter and be constructed using API 5L X70 or X80 high
strength steel. An external fusion bonded epoxy ("FBE") coating will be applied to the pipeline and all 
buried facilities to protect against corrosion. Cathodic protection will be provided by impressed current 
The pipeline will have batching capabilities and will be able to transport products ranging from light 
crude oil to heav crude oil. Ex TC-1, 2.2, 2.2.1, 6.5.2, . 8-9, 97 -98; Ex TC-8, 26. 

The pipeline will operate at a maximum operating pressure of 1,440 psig. For location specific low 
elevation segments close to the discharge of pump stations, the maximum operating pressure will be 
1,600 psig. Pipe associated with these segments of 1,600 psig MOP are excluded from the Special 
Permit application and will have a design factor of 0. 72 and pipe wall thickness of 0.572 inch (X-70) or 
0.500 inch (X-80). All other segments in South Dakota will have a MOP of 1,440 psig. Ex TC-1, 2.2.1, p. 
9. 

The purpose of the Project is to transport incremental crude oil production from the Western Canadian 
Sedimentary Basin ('WCSB") and domestic production from the Williston Basin area to meet demand by 
refineries and markets in the United States ("U.S."). This supply will serve to replace U.S. reliance on less stable 
and less reliable sources of offshore crude oil and support the growth of crude oil production in the U.S. (See 
u dated Findin s 24-29 

The Project will consist of the Steele City Segment. From north to south, the Steele City Segment extends from 
Hardisty, Alberta, Canada, southeast to Steele City, Nebraska. It will interconnect with the previously approved 
and constructed 298-mile-long, 36-inch-diameter Keystone Cushing Extension segment of the Keystone Pipeline 
System allowing crude oil to be delivered to Gulf Coast Refineries. The pipeline would have a maximum capacity 
to transport 830,000 barrels per day. 

The Project is an approximately 1202 mile pipeline with about 876 miles in the United States. The South Dakota 
portion of the pipeline will be approximately 315 miles in length and will extend from the Montana border in 
Harding County to the Nebraska border in Tripp County. The Project is proposed to cross the South Dakota 
counties of Harding, Butte, Perkins, Meade, Pennington, Haakon, Jones, Lyman and Tripp. 

Construction of the Project is proposed to commence when all necessary permits are obtained. Construction in 
South Dakota will be conducted in three or four spreads, generally proceeding in a north to south direction. The 
Applicant expects to place the Project in service when construction is completed. 

The pipeline in South Dakota will extend from milepost 285.6 to milepost 600.9, approximately 315 miles. The 
pipeline will have a 36-inch nominal diameter and be constructed using API 5L X70M high-strength steel. An 
external fusion bonded epoxy ("FBE") coating will be applied to the pipeline and all buried facilities to protect 
against corrosion. Cathodic protection will be provided by impressed current. The pipeline will have batching 
capabilities and will be able to transport products ranging from light crude oil to heavy crude oil. 

At most locations, the pipeline will operate at a maximum operating pressure of 1,307 psig. For location specific 
low elevation segments close to the discharge of pump stations, the maximum operating pressure will be 1,600 
psig. Pipe associated with these segments of 1,600 psig MOP will have a design factor of 0. 72 and a nominal 
pipe wall thickness of 0.572 inch (X-70M). All other segments in South Dakota will have a MOP of 1,307 psig. 
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Amended Final Decision and Order 
The Project will have seven pump stations in South Dakota, located in Harding (2), Meade, Haakon, 
Jones and Tripp (2) Counties. TC-1, 2.2.2, p. 10. The pump stations will be electrically driven. Power 
lines required for providing power to pump stations will be permitted and constructed by local power 
providers, not by Keystone. Initially, three pumps will be installed at each station to meet the nominal 
design flow rate of 700,000 bpd. If future demand warrants, pumps may be added to the proposed pump 
stations for a total of up to five pumps per station, increasing nominal throughput to 900,000 bpd. No · 
additional pump stations will be required to be constructed for this additional throughput. No tank 
facilities will be constructed in South Dakota. Ex TC-1, 2.1.2, p.8. Sixteen mainline valves will be located 
in South Dakota. Seven of these valves will be remotely controlled, in order to have the capability to 
isolate sections of line rapidly in the event of an emergency to minimize impacts or for operational or 
maintenance reasons. Ex TC-1, 2.2.3, . 10- 11. 

The Project will be designed, constructed, tested, and operated in accordance with all applicable 
requirements, including the U.S. Department of Transportation, Pipeline Hazardous Materials and 
Safety Administration (PHMSA) regulations set forth at 49 CFR Part 195, as modified by the Special 
Permit requested for the Project from PHMSA (see Finding 71). These federal regulations are intended 
to ensure adequate protection for the public and the environment and to prevent crude oil pipeline 
accidents and failures. Ex TC-1, 2.2, . 8. 

The current estimated cost of the Keystone Project in South Dakota is $921.4 million. Ex TC-1, 1.3, p. 1. 

The transport of additional crude oil production from the WCSB is necessary to meet growing demand 
by refineries and markets in the U.S. The need for the project is dictated by a number of factors, 
including increasing WCSB crude oil supply combined with insufficient export pipeline capacity; 
increasing crude oil demand in the U.S. and decreasing domestic crude supply; the opportunity to 
reduce U.S. dependence on foreign off-shore oil through increased access to stable, secure Canadian 
crude oil supplies; and binding shipper commitments to utilize the Keystone Pipeline Project. Ex TC-1, 
3.0, p. 23. 

According to the U.S. Energy Information Administration ("EIA"), U.S. demand for petroleum products 
has increased by over 11 percent or 2,000,000 bpd over the past 10 years and is expected to increase 
further. The EIA estimates that total U.S. petroleum consumption will increase by approximately 10 
million bpd over the next 10 years, representing average demand growth of about 100,000 bpd per year 
EIA Annual Ener Outlook 2008. Ex TC-1, 3.2, . 23-24. 

At the same time, domestic U.S. crude oil supplies continue to decline. For example, over the past 10 
years, domestic crude production in the United States has declined at an average rate of about 135,000 
bpd per year, or 2% per year. Ex TC-1, 3.3, p. 24. Crude and refined petroleum product imports into the 
U.S. have increased by over 3.3 million bpd over the past 10 years. In 2007, the U.S. imported over 13.4 
million bpd of crude oil and petroleum products or over 60 percent of total U.S. petroleum product 

1 Energy Information Administration (EIA) Annual Energy Outlook 2014 
2 Id. 
3 Energy Information Administration - Company Level Imports 

Update 
The Project will have seven pump stations in South Dakota, located in Harding (2), Meade, Haakon, Jones and 
Tripp (2) Counties. TC-1, 2.2.2, p. 10. The pump stations will be electrically driven. Power lines required for 
providing power to pump stations will be permitted and constructed by local power providers, not by Keystone. 
Three to five pumps will be installed at each station to meet the maximum design flow rate of 830,000 bpd. No 
tank facilities will be constructed in South Dakota. Twenty mainline valves will be located in South Dakota. All of 
these valves will be remotely controlled, in order to have the capability to isolate sections of line rapidly in the 
event of an emergency to minimize impacts or for operational or maintenance reasons. 

The Project will be designed, constructed, tested, and operated in accordance with all applicable requirements, 
including the U.S. Department of Transportation, Pipeline Hazardous Materials and Safety Administration 
(PHMSA) regulations set forth at 49 CFR Part 195, and the special conditions developed by PHMSA and set forth 
in Appendix Z to the Department of State ("DOS") January 2014 Final Supplemental Environmental Impact 
Statement ("Final SEIS"). These federal regulations and additional conditions are intended to ensure adequate 

rotection for the ublic and the environment and to revent crude oil i eline accidents and failures. 

The current estimated cost of the Keystone XL Project in South Dakota is $1.974 billion. The estimated cost of 
the South Dakota portion of the project has primarily increased due to the new technical requirements (for 
example, the 59 additional conditions set forth in the DOS Final SEIS), and inflation and additional costs (for 
example, increased project management; regulatory; and material storage and preservation costs) due to the 

ro·ected six- ear dela in startin construction. 

The June 29, 2010 order recites Findings of Fact demonstrating the strong demand for the Project. Given the 
dynamic nature of the crude oil market, there have been changes in the nature of this demand since 2010. As 
demonstrated below, however market demand for the Project remains strong today. 

The transport of additional crude oil production from the WCSB continues to be necessary to meet demand by 
refineries and markets in the U.S. The need for the project is driven by a number of factors, including increasing 
domestic U.S. and Canadian, crude oil production combined with insufficient pipeline capacity; an energy efficient 
and safe method to transport this growing production; the opportunity to reduce U.S dependence on foreign 
offshore crude oil through increased access to North American supplies; and binding shipper commitments to 
utilize the Ke stone Pi eline S stem. 

United States production of crude oil has increased significantly, from approximately 6.5 million barrels per day 
(bpd) in 2012, and is expected to peak at 9.6 million bpd by 2019. However, even with the domestic production 
growth, the U.S. is expected to remain a net importer of crude oil. According to the U.S. Energy Information 
Administration ("EIA"), U.S. demand for crude oil has held steady at approximately 15 million bpd and is expected 
to remain relative! stable into the future. 1 

The rise in U.S. crude oil production, predominantly light crude, has replaced most foreign imports of light crude. 
However the demand persists for imported heavy crude oil by U.S. refineries that are optimally configured to 
process heavy crude slates.2 The U.S. Gulf Coast continues to import approximately 3.5 million bpd of heavy and 
medium sour crude oil.3 

{01717810.1}2 

020496



Appendix C 
South Dakota PUC Amended Final Decision and Order 
Tracking Table of Changes 
9/15/14 

Finding 
Number 

27 

28 

29 

Amended Final Decision and Order 
consumption. Canada is currently the largest supplier of imported crude oil and refined products to the 
U.S., supplying over 2.4 million bpd in 2007, representing over 11 percent of total U.S. petroleum 
product consumption (EIA 2007). Ex TC-1, 3.4, p.24. 

The Project will provide an opportunity for U.S. refiners in Petroleum Administration for Defense District 
Ill, the Gulf Coast region, to further diversify supply away from traditional offshore foreign crude supply 
and to obtain direct access to secure and growing Canadian crude supplies. Access to additional 
Canadian crude supply will also provide an opportunity for the U.S. to offset annual declines in domestic 
crude production and, specifically, to decrease its dependence on other foreign crude oil suppliers, such 
as Mexico and Venezuela, the top two heavy crude oil exporters into the U.S. Gulf Coast. Ex TC-1, 3.4, 
p. 24. 

Reliable and safe transportation of crude oil will help ensure that U.S. energy needs are not subject to 
unstable political events. Established crude oil reserves in the WGSB are estimated at 179 billion barrels 
(CAPP 2008). Over 97 percent of WCSB crude oil supply is sourced from Canada's vast oil sands 
reserves located in northern Alberta. The Alberta Energy and Utilities Board estimates there are 175 
billion barrels of established reserves recoverable from Canada's oil sands. Alberta has the second 
lar est crude oil reserves in the world, second onl to Saudi Arabia. Ex TC-1, 3.1, . 23. 

Shippers have already committed to long-term binding contracts, enabling Keystone to proceed with 
regulatory applications and construction of the pipeline once all regulatory, environmental, and other 
approvals are received. These long-term binding shipper commitments demonstrate a material 
endorsement of support for the Project, its economics, proposed route, and target market, as well as the 
need for additional pipeline capacity and access to Canadian crude supplies. Ex TC-1, 3.5, p. 24. 

Table 6 to the Application summarizes the environmental impacts that Keystone's analysis indicates 
could be expected to remain after its Construction Mitigation and Reclamation Plan (CMR Plan) are 
implemented. Ex TC-1, pp. 31-37. 

4 Final Supplemental Environmental Impact Statement, Keystone XL Pipeline Project, January 2014 at 1.4.3.2 and 1.4.3.3. 
5 North Dakota Pipeline Authority 2014 https://ndpipelines.files.wordpress.com/2012/04/nd-rail-estimate-april-2014.jpg 
6 Final Supplemental Environmental Impact Statement Keystone XL Pipeline Project, January 2014 at 1.4.1.3 

U date 

Canadian production of heavy crude oil continues to grow, the vast majority of which is currently exported to the 
United States to be processed by U.S. refineries. North American crude oil production growth and logistics 
constraints have contributed to significant discounts on the price of landlocked crude and led to growing volumes 
of crude shipped by rail in the United States and, more recently Canada. As the DOS Final SEIS makes clear, in 
the absence of new pipelines, crude oil will continue to be transported via rail at an increasing rate.4 

The North Dakota Pipeline Authority estimates that rail export volumes from the U.S. Williston Basin have 
increased from approximately 40,000 bpd in 2010 to over 700,000 bpd in early 2014. Over 60% of crude oil 
transported from the Williston Basin is delivered by rail.5 The industry has also been making significant 
investments in increasing rail transport capacity for crude oil out of the Western Canadian Sedimentary Basin 
(WCSB).6 In recent years, rail transport of crude oil in Canada has grown from approximately 10,000 bpd in 2010 
to approximately 270,000 bpd by the end of 2013.7 The DOS Final SEIS indicates that transportation of crude oil 
by pipeline is safer and less greenhouse gas intensive than crude oil transportation by rail.8 

The Project will provide an opportunity for U.S. refiners in Petroleum Administration for Defense District Ill, the 
Gulf Coast region, to further diversify supply away from traditional offshore foreign crude supply and to obtain 
direct access to secure and rowin domestic crude su lies. 
Reliable and safe transportation of crude oil will help ensure that U.S. energy needs are not subject to unstable 
political events. Of Canada's 173 billion barrels of oil reserves, 97% or 167 billion, barrels are located in the oil 
sands. In terms of overall oil reserves, Canada's 173 billion barrels is third only to Venezuela and Saudi Arabia. 9 

Canada is the largest foreign supplier of crude oil to the U.S. and is likely to remain as such for the foreseeable 
future. 10 

Shippers have committed to long-term binding contracts, enabling Keystone to proceed with regulatory 
applications and construction of the pipeline once all regulatory, environmental, and other approvals are received. 
These long-term binding shipper commitments demonstrate a material endorsement of support for the Project, its 
economics, proposed route, and target market, as well as the need for additional pipeline capacity to access 
domestic and Canadian crude supplies. The DOS Final SEIS independently confirms the continuing strong 
market demand.11 

Table 6 is still applicable. The latest version of the CMR Plan is Rev4, April 2012. Attachment A to this Tracking 
Table is a redline version showing changes to the CMR Plan from Rev1 to the current Rev4. Overall changes to 
the CMR Plan were made to clarify language, provide additional detail related to construction procedures and 
incorporate lessons learned from previous pipeline construction, current right-of-way conditions and project 
re uirements 

7 Transportation Safety Board of Canada http:l/www.tsb.gc.ca/eng/recommandations-recommendations/rail/2014/rec-r1401-r1403.asp 
8 Final Supplemental Environmental Impact Statement, Keystone XL Pipeline Project, January 2014, Chapter 5 and Errata Sheet at http://keystonepipeline-xl.state.gov/documents/organization/227464.pdf. 
9 Canadian Association of Petroleum Producers (CAPP) Crude Oil Forecast, Markets & Transportation June 2014 
10 EIA Annual Energy Outlook 2014 
11 Final Supplemental Environmental Impact Statement, Keystone XL Pipeline Project, January 2014 at 1.3.1 and 1.4.2.6 
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Appendix C 
South Dakota PUC Amended Final Decision and Order 
Tracking Table of Changes 
9/15/14 

Finding 
Number 
33 

41 

50 

54 

60 

61 

62 

63 

Amended Final Decision and Order 
The pipeline will cross the Unglaciated Missouri Plateau. This physiographic province is characterized 
by a dissected plateau where river channels have incised into the landscape. Elevations range from just 
over 3,000 feet above mean sea level in the northwestern part of the state to around 1,800 feet above 
mean sea level in the White River valley. The major river valleys traversed include the Little Missouri 
River, Cheyenne River, and White River. Ex TC-1, 5.3.1, p. 30; Ex TC-4, 1f 15. Exhibit A to the 
Application includes soil type maps and aerial photograph maps of the Keystone pipeline route in South 
Dakota that indicate topography, land uses, project mileposts and Section, Township, Range location 
descriptors. Ex TC-1, Exhibit A. Updated versions of these maps were received in evidence as Exhibit 
TC-14. 

Fifteen perennial streams and rivers, 129 intermittent streams, 206 ephemeral streams and seven man
made ponds will be crossed during construction of the Project in South Dakota. Keystone will utilize 
horizontal directional drilling ("HOD") to cross the Little Missouri, Cheyenne and White River crossings. 
Keystone intends to use open-cut trenching at the other perennial streams and intermittent water 
bodies. The open cut wet method can cause the following impacts: loss of in-stream habitat through 
direct disturbance, loss of bank cover, disruption of fish movement, direct disturbance to spawning, 
water quality effects and sedimentation effects. Alternative techniques include open cut dry flume, open 
cut dam-and-pump and horizontal directional drilling. Exhibit C to the Application contains a listing of all 
water body crossings and preliminary site-specific crossing plans for the HOD sites. Ex TC-14. 
Permitting of water body crossings, which is currently underway, will ultimately determine the 
construction method to be utilized. Keystone committed to mitigate water crossing impacts through 
im lementation of rocedures outlined in the CMR Plan. Ex TC-1, 5.4.1, . 45-46. 

The total length of Project pipe with the potential to affect a High Consequence Area ("HCA") is 34.3 
miles. As ill that could affect an HCA would occur no more than once in 250 ears. TC-12, 24. 

Of the approximately 314-mile route in South Dakota, all but 21.5 miles is privately owned. 21.5 miles is 
state-owned and managed. The list is found in Table 14. No tribal or federal lands are crossed by the 

reposed route. ExTC-1, 5.7.1, p. 75. 

Keystone has applied for a special permit ("Special Permit") from PHMSA authorizing Keystone to 
design, construct, and operate the Project at up to 80% of the steel pipe specified minimum yield 
strength at most locations. TC-1, 2.2, p. 8; TR 62. In Condition 2, the Commission requires Keystone to 
com I with all of the conditions of the S ecial Permit, if issued. 

TransCanada operates approximately 11,000 miles of pipelines in Canada with a 0.8 design factor and 
requested the Special Permit to ensure consistency across its system and to reduce costs. PHMSA has 
previously granted similar waivers adopting this modified design factor for natural gas pipelines and for 
the Ke stone Pi eline. Ex TC-8, 13, 17. 

The Special Permit is expected to exclude pipeline segments operating in (i) PHMSA defined HCAs 
described as high population areas and commercially navigable waterways in 49 CFR Section 195.450; 
(ii) pipeline segments operating at highway, railroad, and road crossings; (iii) piping located within pump 
stations, mainline valve assemblies, pigging facilities, and measurement facilities; and (iv) areas where 
the MOP is reater than 1,440 si . Ex TC-8, 16. 

Application of the 0.8 design factor and API 5L PSL2 X70 high-strength steel pipe results in use of pipe 
with a 0.463 inch wall thickness, as compared with the 0.512 inch wall thickness under the otherwise 
applicable 0.72 design factor, a reduction in thickness of .050 inches. TR 61. PHMSA previously found 
that the issuance of a waiver is not inconsistent with pipeline safety and that the waiver will provide a 
level of safety equal to or greater than that which would be provided if the pipeline were operated under 
the otherwise applicable regulations. Ex TC-8, 1f 15. 

Update 
The soil type maps and aerial photograph maps of the Keystone pipeline route in South Dakota that indicate 
topography, land uses, project mileposts and Section, Township, Range location descriptors that were submitted 
in evidence as Exhibit TC-14 are still generally consistent in the description of the current Project route through 
South Dakota. Keystone will submit updated maps prior to the initiation of construction as required by Condition 
No. 6 of the Amended Final Decision and Order. 

Fifteen perennial streams and rivers, 129 intermittent streams, and 206 ephemeral streams will be crossed during 
construction of the Project in South Dakota. No man-made ponds are crossed. Keystone will utilize horizontal 
directional drilling ("HOD") to cross the Little Missouri, Cheyenne, Bad, and White rivers, as well as Bridger 
Creek. Keystone intends to use open-cut trenching at other perennial streams and intermittent water bodies. The 
open cut wet method can cause the following impacts: loss of in-stream habitat through direct disturbance, loss of 
bank cover, disruption of fish movement, direct disturbance to spawning, water quality effects and sedimentation 
effects. Alternative techniques include open cut dry flume, open cut dam-and-pump and horizontal directional 
drilling. To supplement Exhibit C to the Application, Attachment B to this Tracking Table contains the preliminary 
site-specific crossing plans for the two newly identified HOD crossings; Bad River and Bridger Creek. 

The total length of Project pipe with the potential to affect a High Consequence Area ("HCA") is 19.9 miles. A 
s ill that could affect an HCA would occur no more than once in 250 ears. 

Of the approximately 315-mile route in South Dakota, all but 27.9 miles are privately owned. 1.7 miles are local 
government owned, and 26.3 miles are state-owned and managed. No tribal or federal lands are crossed by the 
route. 

[Finding 62 is no longer relevant as Keystone has withdrawn its request for a Special Permit.] 

The pipeline will operate at a maximum operating pressure of 1,307 psig. Use of API 5L X70 high-strength steel 
results in a 0.465 inch nominal pipe wall thickness. For location specific low elevation segments close to the 
discharge of pump stations, the maximum operating pressure will be 1,600 psig. Pipe associated with these 
segments of 1,600 psig MOP will have a design factor of 0.72 and a nominal pipe wall thickness of 0.572 inch (X-
70M). 
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Finding 
Number 
68 

73 

80 

83 

Amended Final Decision and Order 
TransCanada has thousands of miles of this particular grade of pipeline steel installed and in operation. 
TransCanada pioneered the use of FBE, which has been in use on its system for over 29 years. There 
have been no leaks on this type of pipe installed by TransCanada with the FBE coating and cathodic 
protection system during that time. When TransCanada has excavated pipe to validate FBE coating 
performance, there has been no evidence of external corrosion. Ex TC-8, 1f 27. 

The Applicant has prepared a detailed CMR Plan that describes procedures for crossing cultivated 
lands, grasslands, including native grasslands, wetlands, streams and the procedures for restoring or 
reclaiming and monitoring those features crossed by the Project. The CMR Plan is a summary of the 
commitments that Keystone has made for environmental mitigation, restoration and post-construction 
monitoring and compliance related to the construction phase of the Project. Among these, Keystone 
will utilize construction techniques that will retain the original characteristics of the lands crossed as 
detailed in the CMR Plan. Keystone's thorough implementation of these procedures will minimize the 
impacts associated with the Project. A copy of the CMR Plan was filed as Exhibit B to Keystone's permit 
a lication and introduced into evidence as TC-1, Exhibit B. 

Keystone is in the process of preparing, in consultation with the area National Resource Conservation 
Service, construction/reclamation unit ("Con/Rec Unit') mapping to address differing construction and 
reclamation techniques for different soils conditions, slopes, vegetation, and land use along the pipeline 
route. This analysis and mapping results in the identification of segments called Con/Rec Units. Ex. 
TC-5; TC-16, DR 3-25. 

Keystone will utilize HOD for the Little Missouri, Cheyenne and White River crossings, which will aid in 
minimizing impacts to important game and commercial fish species and special status species. Open
cut trenching, which can affect fisheries, will be used at other perennial streams. Keystone will use best 
practices to reduce or eliminate the impact of crossings at the perennial streams other than the 
Che enne and White Rivers. Ex TC-1 , 5.4.1, . 46; 5.6.2, . 72; TC-16, DR 3-39. 

The Keystone pipeline will be designed constructed, tested and operated in accordance with all 
applicable requirements, including the PHMSA regulations set forth at 49 CFR Parts 194 and 195, as 
modified by the Special Permit. These federal regulations are intended to ensure adequate protection 
for the public and the environment and to prevent crude oil pipeline accidents and failures. Ex TC-8, 1f 2. 

Socio-economic evidence offered by both Keystone and Staff demonstrates that the welfare of the 
citizens of South Dakota will not be impaired by the Project. Staff expert Dr. Michael Madden conducted 
a socio-economic analysis of the Keystone Pipeline, and concluded that the positive economic benefits 
of the project were unambiguous, while most if not all of the social impacts were positive or neutral. S-2, 
Madden Assessment at 21. The Project, subject to compliance with the Special Permit and the 
Conditions herein, would not, from a socioeconomic standpoint: (i) pose a threat of serious injury to the 
socioeconomic conditions in the project area; (ii) substantially impair the health, safety, or welfare of the 
inhabitants in the ro·ect area; or (iii undul interfere with the order! develo ment of the re ion. 

U date 
TransCanada has thousands of miles of this particular grade of pipeline steel installed and in operation. 
TransCanada pioneered the use of FBE, which has been in use on its system for over 33 years. There have 
been no leaks on this type of pipe installed by TransCanada with the FBE coating and cathodic protection system 
during that time. When TransCanada has excavated pipe to validate FBE coating performance, there has been 
no evidence of external corrosion except for one instance where an adjacent foreign utility interfered with the 
cathodic rotection s stem. No similar situations exist on the Pro"ect in South Dakota. 
Keystone has updated its CMR Plan since the Amended Final Decision and Order. Overall changes to the CMR 
Plan were made to clarify language, provide additional detail related to construction procedures and incorporate 
lessons learned from previous pipeline construction, current right-of-way conditions and project requirements. A 
redlined version of the CMR Plan showing changes since the version considered in 2010 is attached as 
Attachment A to this Tracking Table. 

In consultation with the area National Resource Conservation Service, Keystone has completed 
construction/reclamation unit ("Con/Rec Unit') mapping to address differing construction and reclamation 
techniques for different soils conditions, slopes, vegetation, and land use along the pipeline route. 

Keystone will utilize HOD for the Little Missouri, Cheyenne, Bad and White River crossings, as well as Bridger 
Creek, which will aid in minimizing impacts to important game and commercial fish species and special status 
species. Open-cut trenching, which can affect fisheries, will be used at other perennial streams. Keystone will use 
best practices to reduce or eliminate the impact of crossings at the perennial streams that are open cut. 

The Keystone pipeline will be designed constructed, tested and operated in accordance with all applicable 
requirements, including the PHMSA regulations set forth at 49 CFR Parts 194 and 195, and the 59 PHMSA 
Special Conditions as set forth in DOS Final SEIS, Appendix Z. These federal regulations and additional 
conditions are intended to ensure adequate protection for the public and the environment and to prevent crude oil 

i eline accidents and failures. 

[Keystone has withdrawn its Special Permit application but will comply with the 59 additional conditions set forth 
in the DOS Final SEIS, Appendix Z, which provide an enhanced level of safety equivalent to or greater than those 
that would have applied under the requested Special Permit.] 

The increased cost of the Project reflected in updated Finding 23 is likely to result in increased tax revenue to the 
affected counties. 
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BEFORE t:HB PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER THE 
SOUTH DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES ACT TO 
CONSTRUCT THE KEYSTONE XL 
PROJECT, 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

DIRECT TESTIMONY OF 
COREY GOULET 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following direct 

testimony of Corey Goulet. 

1. Please state your name and address for the record. 

Answer: My name is Corey Goulet. My business address is 450 1st Street S.W., 

Calgary, AB Canada T2P 5Hl. 

2. Please state your position with Keystone and provide a description of your areas of 

responsibility with respect to the Keystone XL Project. 

Answer: I am President, Keystone Projects, with overall accountability for the 

implementation and development of the Keystone Pipeline system, including the Keystone XL 

Project (Project). In that capacity, I am responsible for overall leadership and direction of the 

Project. 

{01866236.l} - 1 - EXHIBIT 

i ~OOf 
020502



( 

Case Number: HP · f 4-001 
Direct Testimony of Corey Goulet 

3. Please state your professional qualifications and experience with pipeline 

operations. 

Answer: My professional background is stated in my resume, a copy of which is attached 

as Exhibit A. I have a degree in mechanical engineering. 

4. Are you responsible for portions of the Tracking Table of Changes attached as 

Appendix C to Keystone's certification petition? 

Answer: Yes. I am individually or jointly responsible for the information provided with 

respect to Finding Numbers 14, 15, 16, 17, 18, 19, 20, 22, 23, and 107 related to the Project. In 

general, I can testify to the Project purpose; overall description; construction schedule; operating 

parameters; overall design; cost; and tax revenues. 

5. Please summarize the updated information regarding Finding Number 14. 

Answer: The Bakken Marketlink project was developed after Keystone's permit 

application in HP 09-001. The update to this finding reflects that the Project's purpose include 

transporting domestic production from the Williston Basin and supporting the growth of crude 

oil production in the United States. 

6. Please summarize the updated information regarding Finding No. 15. 

Answer: The Gulf Coast Segment of the original Keystone XL Project and the Houston 

Lateral were constructed as a stand-alone project. The update to this finding reflects that change, 

meaning that the Project consists of the Steele City Segment, from Hardisty, Alberta, Canada, to 

Steele City Nebraska, where it will interconnect with the Keystone Cushing Extension segment 

of the Keystone Pipeline. The Project's current design is based on a maximum capacity to 

transport 830,000 barrels per day. 
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7. Please summarize the updated information regarding Finding No. 16. 

Answer: Because the Project is limited to the Steele City Segment, the mileage 

decreased to approximately 1202 miles, with 876 miles through Montana, South Dakota, and 

Nebraska. The mileage has changed slightly in South Dakota due to minor route variations made 

at the request of landowners or for engineering reasons. The right of way passes through the 

same counties as indicated in the Permit Application. 

8. Please summarize the updated information regarding Finding No. 17. 

Answer: Keystone does not currently have a construction schedule for the Project, 

pending issuance of the Presidential Permit. The Project's inservice date is uncertain for the 

same reason. 

9. Please summarize the updated information regarding Finding No. 18. 

Answer: Due to minor route variations, the mileage in South Dakota and the mileposts 

have changed slightly. The pipeline will be constructed using API 5L X70M high-strength steel, 

which was one of the design options presented in the original Permit Application. Keystone's 

final design determinations were made after TransCanada withdrew its application to PHMSA 

for a special permit and adopted 59 special conditions developed by PHMSA as set forth in 

Appendix Z to the Department of State Final Supplemental Environmental Impact Statement 

(FSEIS). 

10. Please summarize the updated information regarding Finding No. 19. 

Answer: This update reflects final design determinations based on the decision to 

withdraw the special permit application and the requirements of 49 CFR 195.106. 

11. Please summarize the updated information regarding Finding No. 20. 
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Answer: This update reflects a change in the number of mainline valves in South Dakota 

from 16 to 20 due to PHMSA requirements. All of the valves will be remotely controlled .for 

purposes of emergency response. 

12. Please summarize the updated information regarding Finding No. 22. 

Answer: The 59 special conditions are set forth in Appendix Z to the FSEIS. Keystone 

has committed to meet these conditions. 

13. Please summarize the updated information regarding Finding No. 23. 

Answer: The estimated cost of the Project in South Dakota increased to $1.974 billion 

due to new technical requirements, inflation, and additional costs due to the delay in receipt of 

federal approval and commencing construction. 

14. Please summarize the updated information regarding Finding No. 107. 

Answer: Although I am not a tax expert, the increased cost of the Project reflected in 

Finding No. 23 is likely to result in increased tax revenues to the affected counties. To the extent 

that tax revenues are an issue at the hearing, Keystone may present rebuttal testimony addressing 

tax issues from Steve Klekar, Manager, Property Taxation for TransCanada - US Pipelines. 

15. Are you aware of any reason that Keystone cannot continue to meet the conditions 

on which the Permit was granted by the Commission? 

Answer: No. As stated in the Certification that I signed, Keystone is or will be able to 

satisfy.all of the conditions imposed by the Commission as part of its Amended Final Decision 

and Order dated June 29, 2010. 

16. Does this conclude your prepared direct testimony? 

Answer: Yes. 
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Dated this _l_ day of April, 2015. 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 2nd day of April, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Direct 

Testimony of Corey Goulet, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
j ane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@g.com 
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Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
darren.kearney@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85ih Road 
Neligh, NE 68756 
atanderu@gmail.com 
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Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 6803 7 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30ih Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 
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Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie l 234@yahoo.com 

Jeff Jensen 
14 3 7 6 Laflin Road 
Newell, SD 57760 
jensen@sdplains.com 

Louis T. (Tom) Genung 
902 E. ih Street 
Hastings, NE 68901 
tg64152@windstream.net 

Nancy Hilding 
6300 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 249th Street 
Draper, SD 57531 
j acknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

Wrexie Lainson Bardaglio 
9748 Arden Road 
Trumansburg, NY 14886 
wrexie.bardaglio@gmail.com 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mail to :kevinckeckler@yahoo.com 

- 7 -

020508



Case Number: HP 14-001 
Direct Testimony of Corey Goulet 

Jerry P. Jones 
22584 US Hwy 14 
Midland, SD 57552 

Debbie J. Trapp 
24952 US Hwy 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Duncan Meisel 
350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 

·Bruce Ellison 
Attorney for Dakota Rural Action 
518 6th Street #6 
Rapid City, SD 57701 
belli4law@aol.com 

RoxAnn Boettcher 
Boettcher Organics 
86061 Edgewater A venue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Bonny Kilmurry 
47798 888 Road 
Atkinson, NE 68713 
bjkilmurry@gmail.com 

Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box25 
Rosebud, SD 57570 
bobgough@intertribalCOUP.org 
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Cody Jones 
21648 US Hwy 14/63 
Midland, SD 57552 

Gena M. Parkhurst 
2825 Minnewsta Place 
Rapid City, SD 57702 
GMP66@hotmail.com 

Joye Braun 
PO Box 484 
Eagle Butte, SD 57625 
jmbraun57625@gmail.com 

The Yankton Sioux Tribe 
Robert Flying Hawk, Chairman 
PO Box 1153 
Wagner, SD 57380 
robertflyinghawk@gmail.com 
Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
trealbird@ndnlaw.com 

Chastity Jewett 
1321 Woodridge Drive 
Rapid City, SD 57701 
chasjewett@gmail.com 

Bruce Boettcher 
Boettcher Organics 
86061 Edgewater A venue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Ronald Fees 
17401 Fox Ridge Road 
Opal, SD 57758 

Tom BK Goldtooth 
Indigenous Environmental Network (IEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 
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Dallas Goldtooth 
38731 Res Hwy 1 
Morton, MN 56270 
goldtoothdallas@gmail.com 

Cyril Scott, President 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
cscott@gwtc.net 
ejantoine@hotmail.com 

Thomasina Real Bird 
Representing Yankton Sioux Tribe 
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
trealbird@ndnlaw.com 

Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fejames@dakotarural.org 

Tracey A. Zephier 
Attorney for Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

Matthew Rappold 
Rappold Law Office 
on behalf of Rosebud Sioux Tribe 
PO Box 873 
Rapid City, SD 57709 
matt.rappoldO l@gmail.com 
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Gary F. Dorr 
27853 292nd 
Winner, SD 57580 
gfdorr@gmail.com 

Paula Antoine 
Sicangu Oyate Land Office Coordinator 
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

Sabrina King 
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabinra@dakotarural.org 

Robin S. Martinez 
Dakota Rural Action 
Martinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
ro bin.martinez@martinezlaw.net 

Paul C. Blackbum 
4145 20th A venue South 
Minneapolis, MN 55407 
paul@paulblackbum.net 

April D. Mc Cart 
Representing Dakota Rural Action 
Certified Paralegal 
Martinez Madrigal & Machicao, LLC 
616 W. 26th Street 
Kansas City, MO 64108 
april.mccart@martinezlaw.net 
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Kimberly E. Craven 
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com 

Mary Turgeon Wynne 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
15 3 S. Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 
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Joy Lashley 
Administrative Assistant 
SD Public Utilities Commission 
joy.lashley@state.sd.us 

Eric Antoine 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
ejantoine@hotmail.com 

WOODS, FULLER, SHULTZ & SMITH P.C. 

By Isl James E. Moore 
William Taylor 
James E. Moore 
PO Box 5027 
300 South Phillips A venue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone (605) 336-3890 
Fax (605) 339-3357 
Email J ames.Moore@woodsfuller.com 
Attorneys for Applicant TransCanada 
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With more than 60 years' experience, TransCanada is a leader 

in the responsible development and reliable operation of 

North American energy infrastructure including natural gas 

and oil pipelines, power generation and gas storage facilities. 

TransCanada operates a network of natural gas pipelines that 

extends more than 68,500 kilometres (42,500 miles), tapping 

into virtually ail major gas supply basins in North America. 

TransCanada is one of the continent's largest providers of gas 

storage and related services with more than 400 billion cubic feet 

of storage capacity. A growing independent power producer, 

TransCanada owns or has interests in over 11,800 megawatts of 

power generation In Canada and the United States. TransCanada 

is developing one of North America's largest oil delivery systems. 

TransCanada's common shares trade on the Toronto and 

New York stock exchanges under the symbol TRP. For more 

information visit: www.transcanada.com or check us out on 

Twitter @transcanada or http://blog.transcanada.com. 

Biography (September 10, 2014) 

Corey Goulet 
President, Keystone Projects 

As President, Keystone Projects, Corey Goulet has overall accountability 
for the development and implementation of all phases of the Keystone 
Pipeline including securing land and permits, engineering, procurement, 
construction, commissioning, start-up and testing. 

Prior to his current role, Mr. Goulet was Vice-President of the Facilities and 
Pipeline Projects department where he was responsible for leadif!g the 
technical development and implementation of power plant, compression, 
metering and pipeline projects in Canada and·the United States. 

Mr. Goulet has 27 years of energy infrastructure experience. His experience 
is varied and has focused on the development, construction, operation and 
maintenance of natural gas, wind, hydro, nuclear and transmission power· · 
facilities; gas, oil and refined products pipelines; and oil and gas production 
facilities. He joined the company in 1998 as a manager in the international 
business unit where he was responsible for developing projects. Since that 
role, he has lead various departments including pipeline engineering, energy 
projects, and nuclear technical development. 

Mr. Goulet is a former member of the Operations and System Integrity 
subcommittee for CSA Z662 Oil and Gas Pipeline Systems. In addition, 
he represented TransCanada for two years as a Board member, Executive 
Committee member, and Planning Committee member with the Pipeline 
Research Council International, Inc. (PRCI). Mr. Goulet has also been a Board 
member for two joint venture companies. 

Born and raised near Edmonton, Alberta, he graduated with a Bachelor of 
Science in Mechanical Engineering (with Distinction) from the University of 
Alberta in 1985. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 
HP 14-001 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER THE 
SOUTH DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES ACT TO 
CONSTRUCT THE KEYSTONE XL 
PROJECT, 

DIRECT TESTIMONY OF 
DAVID DIAKOW 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

( Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following direct 

testimony of David Diakow. 

1. Please state your name and address for the record. 

Answer: My name is David Diakow. My business address is 450 151 Street S.W., 

Calgary, AB Canada T2P 5Hl. 

2. Please state your position with Keystone and provide a description of your areas of 

responsibility with respect to the Keystone XL Project. 

Answer: I am Vice President, Commercial, Liquids Pipelines, for TransCanada 

Pipelines. I am responsible for commercial activities for TransCanada's liquids pipeline 

business, including the Keystone XL Project. 

3. Please state your professional qualifications and experience with pipeline 
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Answer: My professional background is stated in my resume, a copy of which is attached 

as Exhibit A. I have a bachelor's and master's degree in mechanical engineering, and a Master 

of Business Administration degree. 

4. Are you responsible for portions of the Tracking Table of Changes attached as 

Appendix C to Keystone's certification petition? 

Answer: Yes. I am individually or jointly responsible for the information provided with 

respect to Finding Numbers 24, 25, 26, 27, 28, and 29 related to the Project. In general, I can 

testify to demand for the Project. 

5. Please summarize the updated information regarding Finding Number 24. 

The crude oil market is dynamic. While the crude oil market has changed since 2010, 

demand for the Project remains strong. Keystone has binding shipper commitments for the 

Project. The need for the Project is driven by factors that include the need to transport safely and 

efficiently growing U.S. and Canadian crude oil production, insufficient pipeline capacity, and 

the opportunity to reduce U.S. dependence on foreign offshore crude oil through increased 

access to North American supplies. The continued demand for the Project is documented in the 

Department of State Final Supplemental Environmental Impact Statement (FSEIS), Section 1.4, 

Market Analysis. 

6. Please summarize the updated information regarding Finding Number 25. 

Answer: Since Keystone's petition for a permit was filed with the Commission in 2009, 

United States production of crude oil has increased significantly, from approximately 6.5 million 

barrels per day (bpd) in 2012, and is expected to peak at 9.6 million bpd by 2019. Even with this 

growth in domestic production, the United States is expected to remain a net importer of crude 
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oil. Keystone reviews and relies on forecasts from the U.S. Energy Information Administration 

(EIA). According to the EIA, U.S. demand for crude oil has held steady at approximately 15 

million bpd and is expected to remain relatively stable into the future. More information from 

the EIA forecasts is included in the FSEIS in Section 1.4. Keystone also relies on industry 

information available from the CAPP Crude Oil Forecast, Markets and Transportation June 

2014, which Keystone produced in discovery in this proceeding. 

7. Please summarize the updated information regarding Finding Number 26. 

Answer: While domestic production of light crude oil has increased since 2009 arid has 

replaced most foreign imports of light crude, demand persists for imported heavy crude oil by 

U.S. refineries that are optimally configured to process heavy crude slates. The U.S. Gulf Coast 

continues to import approximately 3.5 million bpd of heavy and medium sour crude oil. This 

demand is supported by Keystone's binding shipper commitments for the Keystone XL Project. 

8. Please summarize the information regarding Finding Number 27. 

Answer: Continued demand for imported heavy crude oil is also demonstrated by the 

fact that the vast majority of Canadian heavy crude oil production is currently exported to the 

United States to be processed by U.S. refineries. North American crude oil production growth 

and logistics constraints have contributed to significant discounts on the price of landlocked 

crude and led to growing volumes of crude shipped by rail in the United States. As the FSEIS 

makes clear, in the absence of new pipelines, crude oil will continue to be transported via rail at 

an increasing rate. The North Dakota Pipeline Authority estimates that rail export volumes from 

the U.S. Williston Basin have increased from approximately 40,000 bpd in 2010 to over 700,000 

bpd in early 2014. Over 60% of crude oil transported from the Williston Basin is delivered by 
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rail. The industry has also been making significant investments in increasing rail transport 

capacity for crude oil out of the Western Canadian Sedimentary Basin. In recent years, rail 

transport of crude oil in Canada has grown from approximately 10,000 bpd in 2010 to 

approximately 270,000 bpd by the end of2013. Chapter 5 of the FSEIS (sections 5.0, 5.1; 5.2, 

and 5.3) indicates that transportation of crude oil by pipeline is safer and less greenhouse gas 

intensive than crude oil transportation by rail. Thus, the statement in Finding No. 27 remains 

true--that the project will provide an opportunity for U.S. refiners in Petroleum Administration 

for Defense District III, the Gulf Coast region, to further diversify supply away from traditional 

offshore foreign crude supply and to obtain direct access to secure and growing domestic crude 

supplies. 

9. Please summarize the updated information regarding Finding No. 28. 

Answer: The numbers vary slightly, but the overall fact remains the same. Reliable and 

safe transportation of crude oil will help ensure that U.S. energy needs are not subject to unstable 

political events. Canada has 173 billion barrels of oil reserves, 97% of which are located in the 

oil sands. Canada's reserves are third only to Venezuela and Saudi Arabia. Canada is the largest 

foreign supplier of crude oil to the United States and is likely to remain as such for the 

foreseeable future. 

10. Please summarize the updated information regarding Finding No. 29. 

Answer: Keystone's shippers have committed to long-term binding contracts, which 

demonstrate a material endorsement of support for the Project, its economics, proposed route, 

and target market, as well as the need for additional pipeline capacity to access domestic and 

{01867121.1} -4-

020516



Case Number: HP 14-001 
Direct Tt!slimony of Davie! Diakow. 

Canadian crude supplies. The FSEIS independently confirms strong market demand for the 

Project. 

11. Arc you aware of any reason that Keystone cannot continue to meet tlie conditions 

on ·which the Permit was granted by the Commission? 

Answer: No. I have reviewed the conditions contained in the Amended Final Decision 

and Order dated June 29, 2010. The changes discussed in Finding Nos. 24-29 related to demand 

do not affect Keystone's ability to meet the conditions on which the Permit was granted. 

12. Docs this conclude your prepared direct testimony'? 

Answer: Yes. 

Dated this.?"4-day of March, 2015. 

( 
-'--f-;;---=-2~~--

iakow 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 2nd day of April, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Direct 

Testimony of David Diakow, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
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Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 6890 I 
jane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@g.com 

Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 
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South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
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kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
darren.keamey@state.sd. us 

Cindy Myers, R.N. 
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Robert G. Allpress 
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bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
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amyannschaffer@gmail.com 

Benjamin D. Gotschall 
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Elizabeth Lone Eagle 
PO Box 160 
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bethcbest@gmail.com 

John H. Harter 
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johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
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Paul F. Seamans 
27893 249th Street 
Draper, SD 57531 
j acknife@goldenwest.net 
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350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 
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David Diakow 
Vice President, Commercial, Liquids Pipelines 
TransCanada Pipelines 

David is currently responsible for commercial activities for TransCanada's liquids 
pipeline business, including strategy development, commercial regulatory management 
and commercial management of its operating assets, such as the Keystone Pipeline 
system, and including those in advanced stages of commercial development such as the 
Keystone XL project. 

David has over 27 years of experience in the oil and gas industry, with 24 years at 
TransCanada. David has held management positions in engineering, major projects and 
business development with respect to natural gas and crude oil pipelines development in 
Canada and the U.S. 

David graduated from the University of Saskatchewan in 1987 with a Bachelor of 
Science degree in Mechanical Engineering and also holds both a Master of Science 
degree in Mechanical Engineering (1994) and a Master of Business Administration 
degree (2002) from the University of Calgary. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER THE 
SOUTH DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES ACT TO 
CONSTRUCT THE KEYSTONE XL 
PROJECT, 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

DIRECT TESTIMONY OF 
MEERA KOTHARI, P.ENG. 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following direct 

testimony of Meera Kothari. 

1. Please state your name and address for the record. 

Answer: My name is Meera Kothari. My business address is 700 Louisiana Street, 

Houston, Texas 77002. 

2. Please state your position with Keystone and provide a description of your areas of 

responsibility with respect to the Keystone XL Project. 

Answer: I am currently Manager, U.S. Business Development, Liquids Pipelines, for 

TransCanada, as well as Manager, Technical Services Pipeline Engineering for Keystone Oil 

Projects. I have oversight responsibility for design and engineering for the Keystone XL 

Pipeline Project. 
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3. Please state your professional qualifications and experience with pipelin~ 

operations. 

Answer: My professional background is stated in my resume, a copy of which is attached 

as Exhibit A. In general, I am a Professional Engineer, with a degree in mechanical and 

manufacturing engineering. Beginning in October, 2005, I served as the Lead Project Engineer 

for the Keystone Pipeline Project. I was the Project Manager for the Cushing Extension Pipeline 

Project from April 2010 to January 2011. I was the Reclamation Project Manager for the 

Cushing Extension Pipeline from January 2011 to November 2011. I have testified before the 

Commission in the permit proceedings concerning the Keystone Pipeline in Docket HP07-001 

and concerning the Keystone XL Pipeline in Docket HP 09-001. 

4. Are you responsible for portions of the Tracking Table of Changes attached as 

Appendix C to Keystone's certification petition? 

Answer: Yes. I am individually or jointly responsible for the information provided with 

respect to Finding Numbers 60, 61, 62, 63, 68, 83, 90, and 107. In general, I can testify to design 

and constrnction of the Keystone XL Pipeline and PHMSA compliance. 

5. Please summarize the updated information regarding Finding No. 60. 

Answer: Since the Amended Final Order dated June 29, 2010, Keystone withdrew its 

request to PHMSA for a special permit ("Special Pennit") on August 5, 2010. The decision was 

explained in a media advisory issued on August 5, 2010, a copy of which is attached as Exhibit 

B. As a result of the withdrawal, Keystone will implement 59 additional safety measures as set 

forth in Appendix Z to the Department of State Final Supplemental Environmental Impact 

(01867097.1} - 2 -
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Statement. These measures provide an enhanced level of safety equivalent to or greater than 

those that would have applied under the previously requested Special Permit. 

6. Please summarize the updated information regarding Finding No. 61. 

Answer: This finding is no longer relevant as Keystone has withdrawn its request fora 

Special' P ennit. 

7. Please summarize the updated information regarding Finding No. 62. 

Answer: This finding is no longer relevant as Keystone has withdrawn its request for a 

Special Permit. 

8. Please summarize the updated information regarding Finding No. 63. 

Answer: As a result of withdrawing the Special Permit application, Keystone will build 

the Keystone XL Pipeline using the as-proposed high strength steel, API 51 grade X70M steel 

with a nominal wall thiclmess of 0.465 inches, but will operate the pipeline at a lower pressure of 

1,307 psig to comply with internal pressure design requirements in accordance with federal code 

ofregulation title 49 CFR 195.106. For location specific low elevation segments close to the. 

discharge of pump stations, the maximum operating pressure will be 1,600 psig. Pipe associated 

with these segments of 1,600 psig MOP will have a design factor of 0.72 and a nominal pipe wall 

thiclmess of 0.572 inches (X-70M). 

9. Please summarize the updated information regarding Finding No. 68. 

Answer: This Finding was updated because TransCanada has four more years of 

experience in the use of FBE coated pipe. On one occasion when TransCanada excavated pipe 

to validate FBE coating perfonnance, there was one instance in which an adjacent foreign utility 

interfered with the cathodic protection system in a shared utility corridor. The situation was 

{01867097.1} - 3 -
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remedied, and no similar situation could exist in South Dakota because there are no shared utility 

corridors. 

10. Please summarize the updated information regarding Finding No. 83. 

Answer: Keystone will use Horizontal Directional Drilling ("HDD") for the Bridger 

Creek and Bad River crossings, in addition to the Little Missouri, Cheyenne, and White River 

crossings. Attachment B to Keystone's Tracking Table of Changes contains the preliminary site-

specific crossing plans for the HDD crossings of the Bad River and Bridger Creek. 

11. Please summarize the updated information regarding Finding No. 90. 

Answer: The updated info11nation for this finding is based on the withdrawal of the 

Special Permit application. Keystone will comply with the 59 additional conditions as set fmih 

in the FSEIS, Appendix Z, which provide an enhanced level of safety equivalent to or greater 

than those that would have applied under the Special Pe1mit. 

12. Please summarize the updated information regarding Finding No. 107. 

Answer: To the extent that Finding No. 107 included reference to the Special Permit, 

Keystone has withdrawn its application, but will comply with the 59 additional conditions as set 

fo1ih in the FSEIS, Appendix Z. 

13. Are you aware of any reason that Keystone cannot continue to meet the conditions 

on which the Permit was granted by the Commission? 

Answer: No. I have reviewed the conditions contained in the Amended Final Decision 

and Order dated June 29, 2010. The changes discussed in Finding Nos. 60, 61, 62, 63, 68, 83, 

90, and I 07 do not affect Keystone's ability to meet the conditions on which the Permit was 

granted. 
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14. Does this conclude your prepared direct testimony. 

Answer: Yes. 

Dated this _J_ day of April, 2015. 

Meera Kothari P .Eng. 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 2nd day of April, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Direct 

Testimony ofMeera Kothari, P.Eng., to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
j ane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 8751h Road 
Atkinson, NE 68713 
tcfrisch@q.com 
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Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
darren.keamey@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85?1h Road 
Neligh, NE 68756 
atanderu@gmail.com 
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Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 68037 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30?1h Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 
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Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie 1234@yahoo.com 

Jeff Jensen 
14 3 7 6 Laflin Road 
Newell, SD 57760 
j ensen@sdplains.com 

Louis T. (Tom) Genung 
902 E. ?1h Street 
Hastings, NE 68901 
tg64152@windstream.net 

Nancy Hilding 
63 00 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 z49th Street 
Draper, SD 57531 
j acknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walmanch@goldenwest.net 

Wrexie Lainson Bardaglio 
97 48 Arden Road 
Trumansburg, NY 14886 
wrexie.bardaglio@gmail.com 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mailto:kevinckeckler@yahoo .com 
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Jerry P. Jones 
22584 US Hwy 14 
Midland, SD 57552 

Debbie J. Trapp 
24952 US Hwy 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Duncan Meisel 
350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 

Bruce Ellison 
Attorney for Dakota Rural Action 
518 6th Street #6 
Rapid City, SD 57701 
belli4law@aol.com 

RoxAnn Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Bonny Kilmurry 
47798 888 Road 
Atkinson, NE 68713 
bjkilmurry@gmail.com 

Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box25 
Rosebud, SD 57570 
bobgough@intertribalCOUP.org 
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Cody Jones 
21648 US Hwy 14/63 
Midland, SD 57552 

Gena M. Parkhurst 
2825 Minnewsta Place 
Rapid City, SD 57702 
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Joye Braun 
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jmbraun57625@gmail.com 

The Yankton Sioux Tribe 
Robert Flying Hawk, Chairman 
PO Box 1153 
Wagner, SD 57380 
ro bertfl yinghawk@gmail.com 
Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
trealbird@ndnlaw.com 

Chastity Jewett 
1321 Woodridge Drive 
Rapid City, SD 57701 
chasj ewett@gmail.com 

Bruce Boettcher 
Boettcher Organics 
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Ronald Fees 
17401 Fox Ridge Road 
Opal, SD 57758 

Tom BK Goldtooth 
Indigenous Environmental Network (IEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 
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Dallas Goldtooth 
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Morton, MN 56270 
goldtoothdallas@gmail.com 

Cyril Scott, President 
Rosebud Sioux Tribe 
PO Box430 
Rosebud, SD 57570 
cscott@gwtc.net 
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Thomasina Real Bird 
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Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
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trealbird@ndnlaw.com 

Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fej ames@dakotarural.org 

Tracey A. Zephier 
Attorney for Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

Matthew Rappold 
Rappold Law Office 
on behalf of Rosebud Sioux Tribe 
PO Box 873 
Rapid City, SD 57709 
matt.rappoldO l@gmail.com 
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Winner, SD 57580 
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Sicangu Oyate Land Office Coordinator 
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

Sabrina King 
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabinra@dakotarural.org 

Robin S. Martinez 
Dakota Rural Action 
Martinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
robin.martinez@martinezlaw.net 

Paul C. Blackburn 
4145 20th Avenue South 
Minneapolis, MN 55407 
paul@paulblackbum.net 

April D. McCart 
Representing Dakota Rural Action 
Certified Paralegal 
Martinez Madrigal & Machicao, LLC 
616 W. 26th Street 
Kansas City, MO 64108 
april.mccart@martinezlaw.net 
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Kimberly E. Craven 
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com 

Mary Turgeon Wynne 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 S. Main Street 
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Rosebud Sioux Tribe 
PO Box430 
Rosebud, SD 57570 
ejantoine@hotmail.com 

WOODS, FULLER, SHULTZ & SMITH P.C. 

By Isl James E. Moore 
William Taylor 
Jam es E. Moore 
PO Box 5027 
300 South Phillips Avenue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone (605) 336-3890 
Fax (605) 339-3357 
Email James.Moore@woodsfuller.com 
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Meera Kothari P.Eng. 

Professional Experience 

TransCanada Corp. Houston, TX October, 2014 - Present 

Manager, U.S. Business Development, Liquids Pipelines 
• 

• 

• 
• 
• 
• 
• 
• 

• 

Manage TransCanada's existing customer relationships, and develop new customers for 
future business opportunities. 
Market of capacity on TransCanada's existing oil pipeline system, and extending the reach of 
TransCanada's oil pipeline network through the development of transportation and terminalling 
opportunities. · 

Perform market research and provide analysis supporting strategy development. 
Prepare business strategies and plans . 
Provide analytical and due diligence support . 
Prepare marketing material and proposals . 
Assist with development of key valuation assumptions and related analysis . 
Interact with key internal clients: Engineering, Supply Chain, Construction, Operations, Legal, Finance, 
Accounting, Tax, and Risk. 
Transition successful development projects to execution . 

TransCanada Corp. Houston, TX October, 2012 - Present 

Manager, Technical Services Pipeline Engineering for Keystone Oil Projects 
• Guide, review and sign off on pipeline designs and facility interface designs for oil project portfolios wcirth 

up to $12B. 
• Oversight of 8 engineering firms dealing with all facets of pipeline engineering (inclusive of specialty 

items such as routing, civil design, E&I, welding, ECA, coating, welding, NOE technology, stress 
analysis, cathodic protection design, AC mitigation design, risk and spill analysis, thermal modeling, 
etc.) 

• Oversight of construction technical execution for a 860 km 36" pipeline project inclusive of mechanize 
and flux core welding, automated girth weld coating application, high risk HDDs applications (7500 ft+ in 
length), AUT/RTR nondestructive examination, automated inspection record capturing 

• Performance management for team of 15 direct reports/10 contract staff (engineers, technologists, 
resident insp~ctors). 

• Technical representative interfacing with construction contractors and major pipe/material suppliers 
• Preparation of permit applications, data responses and meetings with Canadian/US Federal and State 

agencies (NEB, PHMSA, Department of State, Bureau of Reclamation/Land Management ,etc.), 

TransCanada Corp. Houston, TX November 2011 - October 2012 

Technical Advisor, Keystone XL Pipeline Project 
• Technical advisor during pipeline detail design phase, construction contractor bid process, material 

procurement, and preconstruction planning activities for 36" 2, 798 km cross border pipeline project. 

Meera Kothari - Resume - Pagd of 4 i 
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TransCanada Corp. Houston, TX January 2011 - November 2011 

Reclamation Project Manager, Cushing Extension Pipeline 
• Management of ROW reclamation activities for 482 km pipeline. 

TransCanada Corp. Houston, TX April 2010 - January 2011 

Project Manager, Cushing Extension Pipeline Project 
• Construction execution of $110M, 36" 171 km pipeline projectin Kansas . 
• Delivery of safety performance results and ensured management visibility on the construction site . 
• Ensured the project was constructed with the approved design, plans, and standards; and in accordance 

with environmental regulations and all project permit conditions. 
• Delivered within budget and on-time performance meeting project safety, environmental, and quality 

requirements. 
• Ensured positive and professional relationships are enhanced and maintained with contractors, unions, 

landowners, communities, aboriginal , governmental and regulatory bodies. 
• Facilitation of Board of Directors and External Stakeholder visits to the ROW . 

TransCanada Corp. Calgary, AB October 2005 -April 2010 

Lead Project Engineer, Keystone Pipeline Project 
• Development and review of DBM, FEED, detail design, specifications, standards, procedures for new 

construction, pipeline change of service conversion and above ground facilities in accordance with 
applicable industry codes and standards (Canada & USA). 

• Pipeline route planning, HCA development, integrity management plans, spill analysis. 
• Construction technical support for design, coating, NOE (AUT/RTR), ECA, mechanized/manual welding, 

hydrostatic testing, In-Line Inspection (ILi), and materials. 
• Commissioning support. 
• Engineering and Integrity assessment for conversion of 864 km circa 1950, 34" gas pipeline to crude oil 

service in Canada. Converted without hydrotesting through the use of ultrasonic in-line inspection 
• Engineering assessment for the design, construction and operation of 30"/36" 2,215 km crude pipeline at 

80% SMYS In the USA. First liquid line to be granted a waiver in the US. 
• Plan, review and ensure timely completion of regulatory baseline data collection, permit application 

preparation and submittal in Canada (NEB Section 7 4, Section 52, Section 58} and the US (NEPA and 
State}. 

• Preparation and analysis of project budgets & expansion cases. 
• Generation of terms, conditions, scope, analysis and award and completion of project RFP for major 

materials and services. 
• Expert witness testifying at multiple Department of State (DOS) hearings, State hearings, technical 

spokesperson at public consultation project open houses. 
• Preparation of permit applications, data responses and meetings with Canadian/US Federal and State 

agencies (NEB, PHMSA, Department of State etc), 

TransCanada Energy. Trois Rivieres, Quebec May 2005 - October 2005 

Project Engineer, Becancour 500 MW Cogeneration Power Plant 
• Development & implementation of inside battery limiVoutside battery limit construction quality plan for $550M 

project. 
• Witness point inspections and audit of equipment fabrication & equipment installation. 
• Conducted plant hazard assessment recommendation close out. 
• Validation of work package estimates for outside battery limit pipeline project bid award. 

• Development hazardous material philosophy. 

Meera Kothari - Resume - Page 2 of 4 
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• 
• 

RFP preparation for gas and chemical supply . 
Development of community investment risk matrix . 
French guided plant tours for various stakeholders . 

• 
• 

Preparation of monthly project status report, management presentations and HS&E statistics 
Analysis and validation of cost and schedule for various work packages 

• Development of management operating system compliance tracking report 

TransCanada Corp. Calgary, AB July 2001 -April 2005 

Pipeline Integrity Engineer for Asset Reliability, Technical Support and Technology Management 
• Technical specification support for new capital pipeline projects (coating, welding, materials, NOE). 
• Engineering critical assessment for pipeline defect assessment, maintenance repair, pipeline pressure 

de-rating, unsupported pipe lengths, blasting/explosives, coating systems for 40,000 miles of 
operating pipeline. 

• Urban development encroachments, foreign utility, road and vehicle crossing application review 
focused in the areas of integrity verification, stress analysis, population growth tracking for the 
purpose of code compliance and conflicts with facilities that may impact the ability to maintain 
integrity, access for maintenance purposes, emergency response accessibility and compatible land 
uses for 40,000 miles of operating pipeline. 

• Failure analysis of In service pipe body leaks, pipeline ruptures and hydrostatic test failures 
• Research & Development of SCC & MFL In-Line Inspection, NOT techniques, pipeline repair 

techniques, mainline and joint coating systems, welding of new materials. 
• Risk analysis for new pipeline construction projects. 
• Development of engineering & integrity budget and programs for due diligence and acquisitions. 
• Development of commercial agreements & contracts with Provincial Governments, private developers and 

construction contracts for pipeline upgrade/rehabilitation project. 
• Coordination of Facilities Integrity R&D Program reviews and budgeting cycles. 
• Liaison with Regulators (National Energy Board, Transportation Safety Board and Alberta Energy and 

Utilities Board) with respect to integrity management issues and incidents. . 
• Providing direction during emergency maintenance activities to various groups within the organiz;ation. 
• Developed annual integrity maintenance program using quantitative risk modeling software. 
• Coordination of research & development projects for risk management, corrosion and SCC. 
• Coordination of peer review team for evaluation of projects feasibility and cost management. 
• Performed value/benefit analysis for integrity projects. 
• .Directing contractors & field technicians to perform technical tasks. 

Education 

Bachelor of Science (BSc) - Mechanical & Manufacturing Engineering, University of Calgary, AB May 2001 
• Four (4) Summer Student Program Tenns with Petro-Canada Oil & Gas Ltd perfonning data and 

technology architecture development for various projects: McKay River Bitumen Recovery Scheme, De
sulferization upgrade facility, transportation developments and Natural Gas Liquids (NGL) facilities June 
1998 - May 2001 

Special Skills 

• Team and Individual Leadership - Can fully utilize the capabilities of direct reports to ensure 
effectiveness of own department. Empowers and motivates the team to set and achieve goals despite 
significant obstacles. 

• Project Management - Utilize time management skills to meet deadlines for numerous major 
projects and demonstrated ability to engage and collaborate with team members effectively. 

• Communication & Collaboration - Possess strong oral and written communication skills; able to 
research and present ideas effectively as shown through publications, speeches, and presentations. 

• Languages - Write and speak fluent English and French 

Meera Kothari - Resume - Page 3 of 4 
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Publications & Industry 

M. Kothari, S. Tappert, U. Strohmeier, J. Larios and D. Ronsky, "Validation of EMAT In-Line Inspection 
Technology for SCC Management," Proceedings of the International Pipeline Conference, Calgary, 2004. 

R. Worthingham, M. Cetiner, M. Kothari, "Field Trial of Coating Systems for Arctic Pipelines," 
Proceedings of the International Pipeline Conference, Calgary, 2004. 

Chair Person: In-Line Inspection Session, Banff Pipeline Integrity Workshop, Banff, 2005 

Professional Member of APEGGA 

Meera Kothari - Resume - Page 4 of 4 
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TransCanada 
In business to deliver 

Media Advisory 
Special Permit Application Withdrawn for 
Keystone Gulf Coast Expansion Pipeline 

Calgary, Alberta -August 5, 2010 - TransCanada has withdrawn its request to the Pipeline 
and Hazardous Materials Safety Administration (PHMSA) for a special permit. The permit would 
have allowed TransCanada to operate the proposed Keystone XL pipeline at a slightly higher 
pressure than current federal regulations for oil pipelines in the United States, subject to building 
the pipeline using stronger steel and operating under additional safety conditions. 

After listening to concerns from the public and various political leaders, TransCanada made the 
decision to withdraw the permit application. The company will build Keystone XL using the as
proposed stronger steel but will operate it at a lower level of pressure, consistent with current 
U.S. regulations. 

The company recognizes it needs to take more steps to assure the public and stakeholders that 
the parameters of the special permit would result in a safer pipeline. The company will continue 
to establish an operating record which will demonstrate the strength and integrity of the 
Keystone Pipeline System, which has been granted a special permit. 

Keystone XL will implement the additional safety measures that would have been required 
under the special permit. These measures offer an enhanced level of safety and would allow 
TransCanada to request a special permit in the future. These safety measures also will be 
consistent with those that have been implemented on the existing Keystone Pipeline. In issuing 
the special permit for Keystone, PHMSA concluded the permit would provide a level of safety 
equal to or greater than that provided if the pipeline were operated under the current standard. 

Without the special permit, Keystone XL will meet all of its initial commercial commitments to 
serve Gulf Coast refineries. Keystone also will continue ~o work with U.S. producers in the 
Bakken and broader Williston Basin area to provide needed transport for growing production in 
Montana and the Dakotas. 

The Keystone XL project received approval in March 2010 from both the South Dakota Public 
Utility Commission and the National Energy Board in Canada. Pending receipt of additional 
permits, construction is planned to begin in 2011. 

When completed, the Keystone XL project will increase the commercial capacity of the overall 
Keystone Pipeline System from 590,000 barrels per day to approximately 1.1 million barrels per 
day. The $12 billion system is 83 percent subscribed with long-term, binding contracts that 
include commitments of 910,000 barrels per day for an average term of approximately 18 years. 

Commercial operations of the first phase of the Keystone system began June 30. Construction 
of the extension from Steele City Nebraska to Cushing Oklahoma is one-third complete and the 
pipeline is expected to be operational in 2011. 

EXHIBIT 
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Keystone XL is a planned 1,959-mile (3, 134-kilometre}, 36-inch crude oil pipeline stretching 
from Hardisty, Alberta and moving southeast through Saskatchewan, Montana, South Dakota 
and Nebraska. It will connect with a portion of the Keystone Pipeline that will be built through 
Kansas to Cushing, Oklahoma and facilitate take away capacity from U.S. hubs located on the 
pipeline. The pipeline will then continue on through Oklahoma to a delivery point near existing 
terminals in Nederland, Texas to serve the Port Arthur, Texas marketplace. 

To view a map of the proposed pipeline route, please visit the project web page at 
www.transcanada.com/keystone 

With more than 50 years' experience, TransCanada is a leader in the responsible development 
and reliable operation of North American energy infrastructure including natural gas and oil 
pipelines, power generation and gas storage facilities. TransCanada's network of wholly owned 
natural gas pipelines extends more than 60,000 kilometres (37,000 miles), tapping into virtually 
all major gas supply basins in North America. TransCanada is one of the continent's largest 
providers of gas storage and related services with approximately 380 billion cubic feet of 
storage capacity. A growing independent power producer, TransCanada owns, or has interests 
in, over 11,700 megawatts of power generation in Canada and the United States. TransCanada 
is developing one of North America's largest oil delivery systems. TransCanada's common 
shares trade on the Toronto and New York stock exchanges under the symbol TRP. For more 
information visit: www.transcanada.com 

TransCanada Forward-Looking Information 

This news release may contain certain information that is forward looking and is subject to 
important risks and uncertainties. The words "anticipate", "expect", "believe", "may", "should", 
"estimate", "project", "outlook", "forecast" or other similar words are used to identify such 
forward-looking information. Forward-looking statements in this document are intended to 
provide TransCanada securityholders and potential investors with information regarding 
TransCanada and its subsidiaries, including management's assessment of TransCanada's and 
its subsidiaries' future financial and operations plans and outlook. Forward-looking statements in 
this document may include, among others, statements regarding the anticipated business 
prospects, projects and financial performance of TransCanada and its subsidiaries, expectations 
or projections about the future, and strategies and goals for growth and expansion. All forward
looking statements reflect TransCanada's beliefs and assumptions based on information 
available at the time the statements were made. Actual results or events may differ from those 
predicted in these forward-looking statements. Factors that could cause actual results or events 
to differ materially from current expectations include, among others, the ability of TransCanada 
to successfully implement its strategic initiatives and whether such strategic initiatives will yield 
the expected benefits, the operating performance of TransCanada's pipeline and energy assets, 
the availability and price of energy commodities, capacity payments, regulatory processes and 
decisions, changes in environmental and other laws and regulations, competitive factors in the 
pipeline and energy sectors, construction and completion of capital projects, labour, equipment 
and material costs, access to capital markets, interest and currency exchange rates, 
technological developments and economic conditions in North America. By its nature, forward 
looking information is subject to various risks and uncertainties, which could cause 
TransCanada's actual results and experience to differ materially from the anticipated results or 
expectations expressed. Additional information on these and other factors is available in the 
reports filed by TransCanada with Canadian securities regulators and with the U.S. Securities 
and Exchange Commission (SEC). Readers are cautioned to not place undue reliance on this 
forward looking information, which is given as of the date it is expressed in this news release or 
otherwise, and to not use future-oriented information or financial outlooks for anything other than 
their intended purpose. TransCanada undertakes no obligation to update publicly or revise any 
forward looking information, whether as a result of new information, future events or otherwise, 
except as required by law. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 
HP 14-001 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER THE 
SOUTH DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES ACT TO 
CONSTRUCT THE KEYSTONE XL 
PROJECT, 

DIRECT TESTIMONY OF 
HEIDI TILLQUIST 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

( Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following direct 

testimony of Heidi Tillquist. 

1. Please state your name and address for the record. 

Answer: My name is Heidi Tillquist. My business address is Stantec Consulting 

Services Inc., 2950 E. Harmony Road, Suite 290, Fort Collins, CO 80528. 

2. Please state your position and provide a description of your areas of responsibility 

with respect to the Keystone XL Project. 

Answer: I am a contractor of Keystone. I am employed as an environmental toxicologist 

and Director of Oil & Gas Risk Management with Stantec Consulting Services Inc. I have 

provided environmental consulting services to Keystone with respect to the Keystone XL 

Project. I am responsible for evaluating risk posed by the Project to human and environmental 

resources. 

{01879624.1} - 1 -
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Case Number: HP 14-001 
Direct Testimony of Heidi Tillquist 

3. Please state your professional qualifications and experience with pipeline 

operations. 

Answer: My professional background is stated in my resume, a copy of which is attached 

as Exhibit A. My education consists of a bachelor's degree in fishery and wildlife biology, and a 

master's degree in environmental toxicology. In general, I have over 25 years of experience in 

environmental consulting, including environmental toxicology and conducting environmental 

risk assessments and water quality assessment and analysis. I have previously testified before 

the Commission in the permit proceedings concerning the Keystone Pipeline in Docket HP 07-

001 and concerning the Keystone XL Pipeline in Docket HP 09-001. 

4. Are you responsible for portions of the Tracking Table of Changes attached as 

( Appendix C to Keystone's certification petition? 

i 
\. 

Answer: Not directly. In general, I can testify to the risk assessments related to the 

Keystone XL Pipeline, including spill frequency. I am familiar with the design changes 

addressed in the Tracking Table as a result of Keystone's decision to withdraw its Special Permit 

application with PHMSA, as well as the minor route variations in South Dakota. The design and 

route changes have not affected the overall conclusion of the spill frequency analysis to which I 

testified in connection with the permit application. With respect to Finding No. 50, the minor 

route changes have caused slight changes resulting in a reduced probability of a spill occurring 

within High Consequence Areas. As a result, the statement that a spill that could affect an HCA 

would occur no more than once in 250 years would now be altered to no more than once in 460 

years, based on 15.8 miles ofHCAs crossed in South Dakota. The 2009 Keystone XL Risk 

{01879624.l} - 2 -
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Case Number: HP 14-00 I 
Direct Testimony of Heidi Tillquist. 

Assessment, which is Appendix P to the Final Supplemental Environmental Impact Statement, 

and its conclusions remain valid .. 

5. Are you able to address issues related to worst case spill scenarios, environmental 

cleanup in the event of a spill, and the potential impacts to groundwater resources? 

Answer. Yes. I participated in answering discovery in this proceeding with respect to all 

of these issues. While nothing with respect to these issues has changed since the Amended Final 

Decision and Order, I can answer questions at the hearing related to these issues. 

6. Are you aware of any reason that Keystone cannot continue to meet the conditions 

on which the Permit was granted by the Commission? 

Answer: No. I have reviewed the conditions contained in the Amended Final Decision 

( and Order. With respect to risk assessment and environmental toxicology, the changes discussed 

in the Tracking Table do not affect Keystone's ability to meet the conditions on which the Permit 

was granted. 

7. Does this conclude your prepared direct testimony? 

Answer: Yes. 

Dated this 2l_ day of March, 2015. 

Heidi Tillquist 

(01867135.1} -3-
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Case Number: HP 14-001 
Direct Testimony of Heidi Tillquist. 

CERTIFICATE OF SERVICE 

I hereby certify that on the 2nd day of April, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Direct 

Testimony of Heidi Tillquist, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
jane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@q.com 

Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

{01867135.1} 

Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
dan·en.kearney@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85ih Road 
Neligh, NE 68756 
atanderu@gmail.com 

Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie 1234@yahoo.com 
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Direct Testimony of Heidi Tillquist. 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 68037 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30ih Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P .C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97 440 
pcapossela@nu-world.com 

Jerry P. Jones 
22584 US Hwy 14 
Midland, SD 57552 

{01867135.1} 

Jeff Jensen 
14 3 7 6 Laflin Road 
Newell, SD 57760 
j ensen@sdplains.com 

Louis T. (Tom) Genung 
902 E. ih Street 
Hastings, NE 68901 
tg64152@windstream.net 

Nancy Hilding 
6300 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 2491h Street 
Draper, SD 57531 
jacknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

Wrexie Lainson Bardaglio 
97 48 Arden Road 
Trumansburg, NY 14886 
wrexie. bardaglio@gmail.com 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mailto:kevinckeckler@yahoo.com 

Cody Jones 
21648 US Hwy 14/63 
Midland, SD 57552 
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Direct Testimony of Heidi Tillquist. 

Debbie J. Trapp 
24952 US Hwy 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Duncan Meisel 
350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 

Bruce Ellison 
Attorney for Dakota Rural Action 
518 6th Street #6 
Rapid City, SD 57701 
belli4law@aol.com 

Rox.Ann Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Bonny Kilmurry 
47798 888 Road 
Atkinson, NE 68713 
bjkilmurrv@gmail.com 

Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box 25 
Rosebud, SD 57570 
bobgough@intertribalCOUP.org 

Dallas Goldtooth 
38731 Res Hwy 1 
Morton, MN 56270 
goldtoothdallas@gmail.com 

{01867135.1} 

Gena M. Parkhurst 
2825 Minnewsta Place 
Rapid City, SD 57702 
GMP66@hotmail.com 

Joye Braun 
PO Box484 
Eagle Butte, SD 57625 
jmbraun57 625@gmail.com 

The Yankton Sioux Tribe 
Robert Flying Hawk, Chairman 
PO Box 1153 
Wagner, SD 57380 
robertflyinghawk@gmail.com 
Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
trealbird@ndnlaw.com 

Chastity Jewett 
1321 Woodridge Drive 
Rapid City, SD 57701 
chasjewett@gmail.com 

Bruce Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Ronald Fees 
17401 Fox Ridge Road 
Opal, SD 57758 

Tom BK Goldtooth 
Indigenous Environmental Network (JEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 

Gary F. Dorr 
27853 292nd 
Winner, SD 57580 
gfdorr@gmail.com 
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Cyril Scott, President 
Rosebud Sioux Tribe 
PO Box430 
Rosebud, SD 57570 
cscott@gwtc.net 
ejantoine@hotmail.com 

Thomasina Real Bird 
Representing Yankton Sioux Tribe 
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
trealbird@ndnlaw.com 

Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fej ames@dakotarural.org 

Tracey A. Zephier 
Attorney for Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

Matthew Rappold 
Rappold Law Office 
on behalf of Rosebud Sioux Tribe 
PO Box 873 
Rapid City, SD 57709 
matt.rappoldO l@gmail.com 

Kimberly E. Craven 
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com 
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Paula Antoine 
Sicangu Oyate Land Office Coordinator 
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

Sabrina King 
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabinra@dakotarural.org 

Robin S. Martinez 
Dakota Rural Action 
Martinez Madrigal & Machicao, LLC 
616 West 26th Street 
Kansas City, MO 64108 
ro bin.martinez@martinezlaw.net 

Paul C. Blackbum 
4145 20th A venue South 
Minneapolis, MN 55407 
paul@paulblackbum.net 

April D. Mccart 
Representing Dakota Rural Action 
Certified Paralegal 
Martinez Madrigal & Machicao, LLC 
616 W. 261h Street 
Kansas City, MO 64108 
april.mccart@martinezlaw.net 

Joy Lashley 
Administrative Assistant 
SD Public Utilities Commission 
joy.lashley@state.sd. us 
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Mary Turgeon Wynne 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 S. Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 
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Eric Antoine 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
ejantoine@hotmail.com 

WOODS, FULLER, SHULTZ & SMITH P.C. 

By Isl James E. Moore 
William Taylor 
James E. Moore 
PO Box 5027 
300 South Phillips Avenue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone (605) 336-3890 
Fax (605) 339-3357 
Email James.Moore@woodsfuller.com 
Attorneys for Applicant TransCanada 
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Heidi Tillquist 
Environmentol Toxicologist/Senior Program Mcinoger 

() Stantec 

Ms. Tillquist has over 24 years of experience in environmental consulting, including environmental permitting, 
environmental toxicology. environmental risk assessment, water quality assessment and analysis, fisheries and 
wildlife biology. She has evaluated risk and environmental consequences of contaminant releases in 28 states 
of the U.S. and 6 Canadian provinces. Ms. Tlllqulst routinely provides technical assistance In support of 
com.plicated environmental issues. She has successfully negotiated changes in surface water quality criteria for 
mining companies and has helped develop water quality criteria for several metals. She has managed 
numerous projects, such as environmental permitting and compliance forTransCanada's Keystone Pipeline 
Project and multiple third-party Environmental Impact Statements (EISs). Ms. Tillquist's work requires an in,depth 
understanding both the engineering and environmental aspects of pipeline projects. Ms. Tlllqulst breadth of 
knowledge and ablllty to effectively communicate between diverse stakeholders (project engineers, 
environmental staff, regulatory agencies) has resulted in collaborative efforts that focus on potential benems, 
constraints and feasibility issues, and short- and long-term costs. Ms. Tillqulst believes that development and 
environmental protection are not mutually exclusive, but are hallmarks of a well-designed and executed 
project. She has conducted multiple risk assessments for regulatory agencies and mining and the oil and gas 
industry and provides technical expertise regarding potential environmental Impacts. Ms. Tillquist routinely 
provides expert witness support for issues related to environmental toxicology and risk assessment. 

EDUCATION 
MS, Environmental Toxicology, Colorado State 
University, Fort Collins, Colorado, 1992 

BS, Fishery and Wildlife Biology, Colorado State 
University, Fort Collins, Colorado, 1987 

REGISTRATIONS 
Certified Wildlife Biologist #114667, The Wildlife 
Society 

Certified Fisheries Professional #044814, American 
Fisheries Society 

MEMBERSHIPS 
Member, The Wildlife Society 

Member, American Fisheries Society 

Member, Society for Environmental Toxicology and 
Chemistry 

•denotes projects completed with other firms 

PROJECT EXPERIENCE 
Pipeline Projects . 
TransCanada, Energy East and Related Pipeline 
Projects, Alberta, Saskatchewan, Manitoba, 
Ontario, Quebec, and New Brunswick, Canada 
Senim· technical C1dvisor1 pipeline risk C/SSl'ssment lcacl. 
Tra11sCcmC1dC1 proposes to repurpose an existing 11aturC1/ gas 
pipeline, construct new build pipeline and tenninC1lfacilities to 
tmnsport various c:mde oilsfromAlbertC1 to tl'rminals in 
Quebec and New Brunswick . .Ms. JYl/quist a11d her staff 
etmluate risk for project components as pC1r/'oftlm Nntional 
Energ!J Board (NEB) filing. For each project, Stantcc will 0 
iclemijy high consequence C1reas, ii) assist engineers with i•ah•e 
siting, anc/ iii) co11d1wt a pipeline 1isk assessment that C1ssesses 
fai/urefl'equency, prolmble spill i•ol11mes1 and spill impacts to 
terresh·ial,frcshwater, C111d marine em•iro11me11ts. Afte1· the 

.finC1l route is approved, Ms. Tillquist and /1e1· staff will conduct 
detailed flow path modeling to identify pipeline ser1n1ents witli 
the pote11tial to impact High Conseq11ence 1lreas per 49 CFR 
i95.1l!s. Tillquist role on this project is ta advise Trtm.~Canacla, 
acidrr.ssing and 1·esoluing substantiue issues, he1.ping to 
111aintai11 c:o11siste1wy of analysis, a11clprovicli11g TransCanmlCI 
with legaciJ ilifarmation ta facilitate anc/ improve the overall 
project. 

D;;~ign wiiil comrn•Jniiy in mipd 
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Heidi Tillquist 
Environmentol Toxicologist/Senior Progrorn Mcmager 

Grand Rapids, Heartland, and Northern Courier 
Pipeline Projects, Alberta, Canada 
Se11icw tcwh11icul advisor, pipeline risk assessment /eacl. 
TransCanC1dC1 and its ciffiliates propose to develop multiple 
pipeline projl.'.cts inAlberta. Fm· each project, Stcmtec will 
i) identify high consequence area.~, ii) as.1st engineers with 
t•n/ve siting, iii) conduct a pipeline risk assessment that 
assesses.fc1il11re freqm:mcy, probable spill volumes, range of 
environmental impacts, and mitigation, and iv) map 
groundwater vulnerability along the ROW. Jl-!s. Tillquist role 
011 this project is to crciiiise TransCanada, addressing crncl 
1·e:;o/ving substantive issues, helping ta maintain consistency 
of analy•is, and providing TrcmsCanacla with legacy 
infam1ation to fcwi/itate and improve the overall project. 

TransCanada, Keystone XL Pipeline Project•, 
Montana. South Dakota, Nebraska, Oklahoma, 
Texas 
Senior 1'cclmica/ Adt•isor and Lead Pipeline Risk 1lssessor.for 
the prajel?t, C1ttendi11g numerous public meetings and 
providing eY:pert witness te.stimony for public uti1ity 
commissions in South Dakota as well as er variety of 
condemnation hearings. TransCanada pr·oposed the 
construc1ion and oper11tion of a 36- inch crude oil pipe.line 
from the Alberta oil sands into the U.S., terminating in the 
Gulf Coast region in Texas. The pipeline would have a nominal 
nwximum throughput of 830,000 b01-rcils per day. Within the 
U.S., the pipeline woulcl cross portions of Montana, South 
Dakota, Nebraska, Oklahoma, and 1'e.Yas. Because the 111·aject 
crosses the U.S.-Canac/a border, the Department of State is the 
Ieadfederal agency. Ms. Tillquist was involved with 
'l'rcmsCanacla's Keystone XI, crude oil pipeline since its im'1ia/ 
design phase. J>fs. 1'illquist canc/ucted an environmental risk 
assessment c.~timated spillfrequency and spill volumes and 
tlie sub.~equent e11viro11me11tal consequences, pc1rticularly ta 
sensitive areas. The risk cmC1/ysis was used to support 
Keysto11e's Presidential Permit.4pp/ication, various state 
permitting processes, and for refinement of the prajel't design. 
As a 1·esult of this early interaction, Ms. Ti/lquist's risk 
assessment work helped L"Ontrol construction costs while 
reducing patt•ntia/ im/iacts of a spill, thereby reducing 
potentiC1/ji1ture envircmmental damages. Ms. 'IY/lquist 
prepared the South Dakota Public Utilities Comm~~sion 
Application and participcrted in public meetings and hearings. 
She prot•ided e'q}ert witness testimony in support of 
environmental ancl spill risk issues. 

•denotes projects completed with other firms 

Hess Corporation, Hawkeye Pipelines, North Dakota 
Se11io1· tech11ical Cldvisor, l'JIMSA compliance lead, pipeline 
l'isk assessment lead. Hess propose.• to construct· seL'eral co
/oc.atecl pipelines to transport t•1·ude ail, natural gas liquids, 
a11d natural gasfram the Bakken Formation. Stuntec is 
leading the enviramnental permitting process. Ms. Tillc1uist 
l'o/e on this projecl"is tn advise, address, a11d 1·esolve 
substantive issues, such as perceived risk crssociC1tl!d with 
crossi11g of the J'\-fissouri Riuer, tribal concerns, and PHMSt\ 
complia11ce. 

Bureau of Land Management (BLM), BakkeriLlnk 
Pipeline, North Dakota 
PHMS.4 Complia11ce Lead/ Lead Uisk .'\ssessor. Bakkenl.,i11k 
proposed to co11str1cci-a11d apemw a 12-inch crude oil pipeline 
from Fryberg to Beaverloc/ge, Nortl1 Dnkota, with a 8-inch 
lateral to lleifield. lrls. 'lillquist prejiared a risk assessme11t 
that eva/11atedfailw·efi·equenq1 and environme11tC1/ 
consequences of a release, particularly ta High Consequence 
A1·eas. 'I1ie risk assessment was successfi1/ly used in tl1e 
Eiwiranmental .'1ssessmentfor the federal NE/>11 process. Ms. 
'rillquist also prepm·ed BakkenLink's Emergency Response 
Plan which was reviewed and approved 11y PHMSA. Ms. 
1'i//11uist will provide technical support.for JJakkenLink with 
their Emergency Response Traini11g e.rereises. 

TransCanada, Keystone Pipeline System, US and 
Canada 
Leacl Pipeline Risk Assessor, PHMSA Compliance. Ms. Ti/lquist 
pn'}Jared hazard asse.<.~mentsfor both 11ew build a11d existing 
pipeline segments associated with the Keystone Pipeli11e 
Systcim i11 the US a11d Canada. In Canada, Ms. 1Yllquist 
created a procedure to ide11tifiJ highly se11sitive recuptors • . 
based an eco11omic, public health, and ecological coneer11~. 
Using fate anc/ t1w1sport cmalyse.s, seyments of pipeline that 
were capable of potentially ajJecting the higlrly sensitit•c areas 
(Ca1111da) or PHiYISA-defined High Consequence Areas (US) 
were identified, risk q11a11lified, and pipeline segments 
prioritized to facilitate opemtions anc/ maintenance crctivih'es. 
171e analysis incorporated both new build and etisting 
infl'Clstruct111·e. Ms. Tillquistassistt•cl TransCanada with 
PHMS1l audits and provided tech11ical responses to 
i11fonncrtio11 requests. lr!s. Tillquist ·doiumented /egaiy 
infonnatio11 regarding e11viro11mental compliance 
requirements. Ms. 'J'i/lquist coordinated with emet_qe11cy 
response team. Provided updated to hazard asse.ssme11l.~ as 
required by federal regulations. Ms. Ti/lquist's work an tllis 
project continues with Stnntiic as the pr·oject co11tin11cs lo 
eL'OJVe. 
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TransCanada, Keystone Crude Oil Pipeline Project*, 
North Dakota, South Dakota, Nebraska, Kansas, 
Missouri, Illinois, Canada 
EnvironmentC1l Pel'mitting Projl!c:t Manager cmcl Pipeline Risk 
Assessor • .As the Environmental Project Manager for the 
project, Ms. './'il/q11ist was l'esponsible for all em•i1·onnwntal 
permitting and surveying within the U.S., ind11ding pl'e· 
c:onsh11ction siting and post-conshuction monitoring and 
complicmce. i>ts. 21l/quist workecl with 1)'Cll1sCanada's 
Keystone crude oil pipeline since its initial clesign phast?. As a 
result of this early interaction, route selection and intelligent 
valve placement heiped control conshuction costs while 
reducing potential impacts of a spill, thereby red11cin,q 
potential.fitture environmental damages. Fill'tlrel', 
1'mnsCanada .~uccesefully used Ms. Tillquist's em•il'Onmental 
risk assessment to justify modification of the pipeline's design 
factorfl'om 0.72 to o.8fo1' tire mqiority of the route. 111is 
modification reduced capital costs associated uiitlr tire pipe by 
$50 million. 

Texas Offshore Port System (TOPS)*, Texas 
Lead Pipeline Risk Assessor, Senior Tel'lmicC1/ Advisor. 111e 
Te.\:as Offshore Port System (1'0PS) Project consisted of tlie 
construction and opercrtion of er pmposed c/eepwCltel' part, 
receiving up to 1,700,000 ban·els of c1·ucle oil per day ancl 
tmnsporting the oil to a 1•et'l'iving terminal and o·cmsmission 
facility uia 50 miles of 011· and off-shore pipelines. Ms. 
Tillquist prt•pared a risk assessment document to support 
1VPS i11 permitting the project through the Maritime 
Administl·ation cmd US CoC1st Guard. The clo,'Ument evcilunted 
ri:jk of a pipeline disruption and its potential environmental 
conse<Juences. The report prese11tecl the results of a pipeline 
incide11tfreque11cy cmd spill volume anC1lysis based 011 TOPS' 
de.sign aml operation..~ cl'iteria and Clpp/ies the resulting risk 
probcrbilities to an environmental consequence analysL~, 
incorporating project-sped.fie environnwlltal data. 
Specifically, the report eualuatl!d the risk of Cl'ude oil spills 
during pipeline 011crations, i11clucling contribution of natural 
hazards to spill risk, and the subs<'quent potential effects on 
humans and other sensitive resource.s, particularly High 
ConsequenceA.reas, that include highly and other populated 
areas, municipal rlrin1..ing water intakes (s111fc1c:e and 
groundwate1~, and/or ecologically sensitive areas. 

•denotes projects completed with other firms 

Enterprise Products Company, Seaway Pipeline -
Segment 7, Texas 
Lead Pipeline RiskAssessor. 'flw Suaway Pipeline - Segmellt 7 
is a crude oil pipeline thC1t will loop an existing- 30-i11ch 
pipeline for approximately 60 mill•s in lcngthfrom Mont 
Belvieu to Nederland, Texas. i'.fs. Tillquist was hired as a 
subcontractor by Project Consulting Sm•ices, Inc. (PCS) to 
identify value sites to ensure regulatory co111plia11ce and to 
minimize potential impacts to tlw environment, particularly to 
High CansequenceAn?as. 

Enterprise Products Company, A TEX Express 
Pipeline", Ohio, Indiana, Texas 
Lead Pipeline Risk Assesso1', Project 11.fanager. 11w • .\TEX 
Express Pipeline (ATE.\? is de:;igncd to tra11.~port ethane from 
the .Maree/lies and Utica shalr. regions in Pennsylvania, West 
Virginia and Ohio to the [T.S. Gulf Coast. The appro:dinately 
1,230-mile, 16-inch diamC'ter pipeline will have an initial 
capacity of125,ooo barrels per clay of ethane and will cleliuer 
ethane to Enterprise:~ natural gas iiC]uids storage comple:r at 
Mont Belvieu, 1'e.ras. Ms. 1'il/quist was hired as a 
s11bco11tractor by Project Co11s11/ting Services, Inc. (PCS) to 
identify value sites cmd peifol'ln a precursory HCA analysis 
for the purposes of selel'ting uulve lacatia11s along Segment 3, 
approximately 117 miles in length through southwestern Ohio 
and southeC1stern InclirmCI, and Segment 6, approximately 55 
miles in length thro11gl1southeastem1'e.'(as. 

Enterprise Products Company, Lone Star West Texas 
Pipeline and Laterals, Texas 
foad Pipeline Risk Asse.~sar, Senior Technical Review. 111e 
I.one Star West Texas Pipeline ancl Laterals project will delit1cr 
natural gas liquids acros.~ Texas. 1ls a sulicon..•ultant to Project 
Consulting Services, Inc., lrls. 'l'i/lquist was responsible for 
evaluating the placement qfualue sites in relation to 1.)federa/ 
pipeline regulations ancl 2) protet•tion of enuiromncn/Cll 
resources. Ms. Tlllquist also provided senior technical reuiew 
of a preliminary risk report. 
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FERC and BLM, Entrega Natural Gas Pipeline 
Environmental Impact Statement*, Colorado and 
Wyoming 
Project Manager an cl Leaci Pipeline Risk Assessor. Entreya 
Gas Pipeli11e Inc. (a11 affiliate of Encana Natural Gas) 
proposed to co11sh11ct ancl operate a 328-mi/e 36- to 42-inch
diameter natural gas transmission pipeline. The pipeline 
transports up to 1.5 billion cubic feet pew day of natural gas 
from the Piceancc Basin in Colorado to interconnections in 
Wams11tter and nmr Cheyenne, 11(1)oming.As the Project 
Manager, Ms. Tillquisl superuised the preparation of the EIS 
as a third-parhJ contractor to the FERC (leacl agency) and the 
BLM (cooperating agency) .. Major iss11cs inc/11de potential 
impacts to threatened and endangered species (water 
depletion issuc>.s), noxious weecl management, and 
socioeconomic impacts. Because Western Interstate Company 
(a sub~idimy of El Paso Corporation) also proposed to build a 
large diameter pipeline from the Piceanc:e Basin to 
Wamsutter, cumulatiue impacts were also an issue. 11w 
projec·t wees approue.d and constn1ction completed in 2007. 

BLM and USFS, ONEOK, Overland Pass Natural Gas 
Liquids Pipeline*, Wyoming, Colorado, and Kansas 
Project Manager, Lead Pipeline Risk Asscssor. ONEOK and 
Williams proposed to consh·uct and operate a 760-mile 
t1·ansmissionpipelinefor t1'011sportation of up to I!jo,ooo. 
barrels per day of natural gas liquids from westem Wyoming, 
through Colorc1do, to Conway, Kansas. As the Project 
MC/nager, .Ms. '.l'il/quist superuised the pmparation of the .EIS 
as er tlrird-parhJ conh·actor to the BLll.f (leacl agcmc'JJ) and the 
U.S. Forest Seri•ice (cooperating agency). Mcrjor iss11es 
incluclecl potential impacts to cu/rural resources, threatened 
ancl endangered species, and fisheries impact~. '.L'he Hnal EIS 
was p11blished in 2007, with the pipeline constmcted and is 
c11n·ently in-service. 

• denotes projects completed with other firms 

FERC, Piceance Basin Expansion Natural Gas 
Pipeline Environmental Impact Statement*, 
Wyoming and Colorado 
Senior Technical .4dvisor. Wyoming Interstate Compw1y 
(THC, a ~"!lbsidiary of El Paso C011ioratio11) proposed to 
consh'Uct cmd operate a 141 .7-mile ,36-i11cl1-diametel' natural 
gas pipeline lo tran..<:porl U/l to 350 million cubic feet pe1· day 
of natural gas from the Piceance Basin in Colorado to 
inte1·co1mectionsnear Wamsutter, Wyoming.As The Senior 
1'echniculAdvisor, i'\-Js. Tillquist superuised stciffi11 tlw 
preparation of the EIS (concurrent with the Entrega Pipeline 
EIS) crs a tlrird-parhJ contractor to the Federal Energy 
RegulatonJ Commission, with the Bureau of Lancl 
Management as er caope.rating agel)cy. Major issues include 
potential impacts to threatened and endangered species 
(umter depletion issues), noxious weed management, ancl 
socioeconomic impacts. Because Entrega Pipeline Co111pi111y 
Inc. also proposecl to build cc large cliamete1· pipe/inefi•om the 
J>iceance Basin to 'Wamsutter, cumulative impacts also were 
an iss11e. 

BLM, Inland Resources, Castle Peak and Eightmile 
Flat Oil Expansion Project*, Utah 
Lead Pipeline RiskAssei:sor. Ms. Tillq1tist conducted a pipeline 
risk assessment, evaluating pipe/incfai/11rc1 threats, 
mitigation,Jailurefrequencies, and probable e11vironnrentul 
impaC'ts in the euent of aftcilure. The BIJWs Vemal Field Office 
commissionecl the preparation of tire EIS that examined 
potential impacts ccssoc:iated with a proposecl e:qm11sion of oil 
fie/cl clevelopment operC1tio11s in the UintC1h BC1si11 area of 
nol'lheastmn Utah. The stucly area cot•,,,.ecl approximately 110 

sections or 65,500 acres. lnlancl proposed to expC1nd its 
c•xisting waterjloocl oil recovery operations liy drilling up to 
900 ac/ditionul wells in the Castle Peak Cine/ Ei{fhtnrileF/at 
areas of tlw greater Monument Butte-Myton Bench oil and gas 
production region. Important iss11es associated with this 
project included cumu/atiur effects to raptor species in the 
Uintah B11sin, air quality, and effects on sensitive species, s11cl1 
as the mountain plover and lwokless cactus. A Biological 
Assessment for the U.S. Fish cmcl Wildlife Service was 
prepccrecl as part of the project permitting. 
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BLM, Equilon/Shell Pipeline Company, New Mexico 
Products Pipeline Environmental Impact 
Statement•, New Mexico and Texas 
p,:q;ect manager, pipeline risk assessor. Shel/ proposed to 
convert cmd re1,1ersc the flow of cm existing 406-mil<! c,rude oil 
pipeline to transport 1·efined peh·oleum products (i.e., 
gasoline, diesel,jetfuel). System conversion also entailed the 
construction of lwo new pipeline t'xtensions ( aboul 100 miles 
total), pump stations, pmssure reducing stations, 
misccl/aneousfacilities, and associated elech·ical transmission 
lines. 11ze project would ciffet't portions of New Mexico cmcl 
1exas, involving many lacal, state,federal, and tdbal 
jurisdictions. Due to public concern, "probabilistic risk 
assessment evaluated risk to humans and the environment 
that could 1•t•sultfrom an acciclcntal 1·clcusejrom the pipeline 
and itsf acilities. As a third-party contractor for the BLM, the 
Draft EIS in .May 2003 cmcl the FinC1l EIS was compfctecl in 
September 2003. Prim· to the 1·clcasc of the FinCll EIS, Shell 
del'idecl to put the project on hold. 

FERC. Raton Basin 2005 Expansion•. Colorado. 
Kansas, New Mexico, Oklahoma 
1'ccTmical support on pipeline risk issues and.field survc.IJS. For 
this 100-mile, ~i."l:-loop pmject built in 2005, Ms. Til/quist 
supported Colorado JnterstC1tc Ga.~ with the Federc1l Energy 
Regulatory Commission (FERG) NEPA Pre-filing Process 
(including a gene)/ and public scoping), preparation of the 
FERG certification application, state anclfedeml 
envil'Onmental permitting, Environmental Assessment (EA) 
prepnration, Biologicnl Assessment/ Biological Evaluation 
preparation, and construction management. Ms. 1¥/lquist also 
cissisted with ll.S. Fish nncl Wildlife Sel"l.iice Section 7 
consultation, a Forest Service EA for crossing the Comanche. 
Nationctl Grcrsslands, environmental comp/innce training, 
avian and mammal pre-construction clem•ing ancl biological 
monitoring during construction, cmc/ consh·uction 
environmental inspection support. 

• denotes projects completed wifh other firms 

FERC. Applicalion for Line 2000 Converting a Crude 
Oil Pipeline to Natural Gas Pipeline, Texas. N.ew 
Mexico, Arizona 
1'eclmicC1( cva/11atio11 of pipeline. reliability and publicsafeqf. 
Ms. Tillquist assisted with the preparation of El Paso Energy's 
Line 2000 C1pplicah0on to the Fee/era( Energy Regulatory 
Commission (FERC)for the conversion of an existing Boo:mile 
crude oil pipeline to 11atura/ gas sen•ice. 71ris co1iversio11 
project affected lands within Texas, NewMe.rico, andArizona. 
Ms. '.fil/quist's d11tie.s incluclecl the preparation of FERC 
resource reports, an applicant-prepared biological 
assessment, applicant-prepC1recl environmental assessment, 
an cl Clean Water Act 404 pel"mit . .Ms. 1'illquisfs project 
mC1nagement at•tivities induclecl projet't budgeting, 
caordi11ating office stqff and.field suruey crews, and creation 
ancl maintenance of a clatabase clctailing war .~oo 
construction sites and activities. 

FERC and CSLC. Southern Trolls Natural Gas 
Pipeline*, California, Arizona, Utah. and New 

Mexico 
Pi·oject Manager. Respon~iblefor personnel management ancl 
iwoject budgeting in addition t"o technical writing 
responsibilities. QuestC1r Nc1tural Gas proposed to convert a 
600-mifo c,rude oil pipeline to a 11aturC1l gas pipeline, referred 
to c1s the Sou them Trail~ Pipeline. Consh"Uction rcs11lti11g from 
the proposed e.rte11sions, reroutes, malignments, and 
replac·ements affected portions of Ca/ifomia, Arizona, Utah, 
cmclNewl\fe:dco and involved many locul, st(lte,fcdcral, C1nd 
t1'ibaljurisclictio11s. As Project Mana{ft'I', Ms. 111/quist 
s11pervisecl staff in the preparation a/tins third~party 
E1wiro11mental Impact Statement/E1wiro111nental Impact 
Rcp01·t (EIS/ETR)for the Federal Energy RegulcrtonJ .. 
Commission. As project coordinator, wrote several techmcal 
sections, and provided technical rwiew of the EIS clocument. 
For the California E11t1ironmental Quality Act, a separate 
Environmental Impar:t and Mitigation Measures SummanJ 
was deuelopcdfor the CalifomiCI State Lands Commission. 
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El Paso - Western Interstate Company, Kanda 
Natural Gas Lateral Plpeline Project*, Utah 
Envi1'01m1e11tal To:>.icologist a11d Lead Pipe/inc Risk Asse.sso1·. 
One .of the most signf/icant sel'vices that Ms. n'/lquist provides 
is effet•tive communication. between. oil and gas companies ancl 
federal reg11lating agencies. Ms. Tillquist has repeatedly 
demonstrated the ability to succes~f11/ly wol'k through clif}ic11/t 
problems. On the Kanda Project, the U.S. Fish and Wildlife 
Servke (USFWS) insisted that El Paso install emergen<-~J 
shutoff valves at the Green River to protect threatened and 
cnclmigeredfish species. The USFWS concerns n>LJoluecl 
around the perceived toxicological threats/ram 11atural gas 
<md the potentialfuhire conversion to hn:mrdo11s licz11ids 
trcmspoi-tation. Ms. 1lllquist pl'epared a white paper that 
detailed why the USFWS concerns werr 11njustijiecl. 1'he 
argument was succeseful: the USF'WS withdrew its l'equestfor 
a mlve at the site, thereby saving El Paso an estimated 
$250,000. 

BLM, Natural Gas Liquid Pipeline Environmental 
Assessment*, Wyoming 
Lead PipelineRiski\sse.ssor. Inland Resources p/cms to 
det•elop an area for natural gas lir1uids extraction. A.s part of 
the dm.>e[opment, a 11e111 pipeline would bc constr11cted which 
would cross a tributary to the Green River bi Utah, which 
contains several endangeredf1Sh species. tit the request·rifthe 
BLll-f and potential hazard posed by the pipeline by eval11ati11g 
tha likelihood of a spill, atte11u(ltian rates, and di/11tion 
potential. 

Additionally, cumulati1•a risk from other natuml gas liquid 
pipelines within the srm1e clr"inagt' was also estimated. B"sed 
on the pipeline.~' loc.ation, t•olume of natural gas liq11ids, 
probabilitij of failure, cmcl likelihaocl of clownstl'eam tr"nsport, 
the assl'.~sment showed tliat" no impacti: to endangeredfish 
speci~s would be cmticipated. 

• denotes projects completed with other firms 

Spill & Resource Damage Evaluations 
Emergency Spill Response, Confidential O&G 
Client, North Dakota 
Deputy Incident Command/Lead Em•im11111ental Risk 
Assessor. Ms. '1¥llquist was on-site to within 6 ho11rs of 
notification, responding to a well blowout near Waiford Gitt;. 
North lJcrkota. Ms. n'Uquist coordinated the enuironmentcrl 
sampling and documentation. Crude oil and produce<! water 
was rlispe.rsecl over c1 5-sq11ore mile al'oa d11ring a winter 
blizzard. Staniec'.~ emergency response team establ.isl1ed and 
Incident Commcmd Center rrncl coordinated containnwnt and 
cleanup with the US Ei1t1ironmental Protection Agency and 
Nol'th Dakota Depmtment of /fe(lfth. The site is stabilized, 
with closure anticipated after spring runoff. Due to the 
subzero tem[Jeratures, quantitative sampling of snow samples 
was conducted to detel'mine the area where total pctt·oleiim 
hydrocarbons might e:rceed North Dakota soils stcmclm·ds 
after spring runoff. Salinity was also examined as a 
contaminant of concern since the blowout may have contc1i11ed 
produced water. Staniec continues to work with North Dakota 
Depcrrtmrnt of Ji ea Ith ((lie/ US Enviro11mc11tal Protection 
.r1gency to monitor the ;ite during spring nmqff dnd obtain 
~ite c/0S11rc. 

American Petroleum Institute {API), Fate and Effects 
of Oil Spills in Freshwater Environments* 
Enuir·onmcntal Toxicologist, Technical ~V"riting anc/ Review. 
.Ms. 1Yllquist assisted in the preparation of a11API repo1·t 
de.scribing thefate (Inc/ rjfects of oil spi/fs in.freshwater 
e1wimnments. '111is repol't ~wnmarizcs ancl documents 
potential envi1·onmcntal effects from inlancl oil spills into.fre.s/1 
swface tv((ters. It identifies, c/e,-;cri/Jes, and compares.tire 
brJhavior,fata, and ecological implications of cl'ude oil and 
peti·ole1m1 proc/11cts in inland waters. '11w document }Jrovides 
bc1sic i1iformation necessmy for tltefonn11/ation qf spi/f 
response strategies that a1·e tailored to the specific chemical, 
physical, and ecological constraints of a given spill situation. 
111c repm·t describes the relcurmtfee1tures qf11ario11s inlrmrl 
spill habitat ti;pes, discusses the chemical clmrac:teristics of 
oils and tire fate pl'ocesses that are dependent thereon, 
summarizes reported eco/ogic:a/ and to.ticological effects 
res11lts both generally one/ witli specific 1·eferenr:e to distinct 
organismg1'0upings, crnd,finafly, in the context of case 
histories from past spills, highlights same of the 
considerations, clif.ficufties, ancl elemcmts of s11ccess·of 
presently ovai/crble spi/l 1·esponse techniques. 
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Toxicity Profile for Crude Oil*, Nationwide 
Ms. Tillquist authol'ed a report that reviewed the toxicil:lJ of 
crude oil to terrestrial ancl aq11a1:1·c at'Dsystems. 11w intended 
audience of this report was BP field personnel that might be 
involved with accidental releases of crude oil into the 
eiwi1'01mwnt. The document providecl a general 
characterization of crude oil, its e11t1i1'0111nentalfate, and 
potential effects to v01·ious ellvironments. 

Exxon Valdez Oil Spill*, Prince William Sound, Alaska 
.Ms. 1'illquist provided technical support/or Haturul Resoul'ce 
Damage Claims.filed against Exxonfollowing the E.""rxo11 
\7aldez spill. Data were compiledfrom thousands of 
environmental samples, ranging from water and ;Pdiment to 
oiled wildlife. Ms. Tillquist provided terlmiml support/01· 
P.XJlel't witne..~s testimony in supJJort of E.uon. Spe~ifically, Ms. 
Tillquist was 1·esponsiblcfor assembling, synthesizing, and 
summarizing relevant literatul'e on oils spills and their 
impacts to aquatic ecosystems. 

Burlington Northern Santa Fe Railroad, Train 
Derailment Emergency Response Team, Crow 
Creek*, Cheyenne, Wyoming 
Ms. 1'illquistwas a team memlier in an emergency response 
program to evaluate potential l111man health and 
e1wironnwntal colltcrmination. She participated in an 
emergency response call to evaluafe potc.'lltial c1quc1tic effects 
on a train derailment at Crow Creek, Wyoming. Ms. Tillquist 
was res]Jonsible for coordinating activities with state and 
federal wildlife agencit>s regarding potential impacts on 
feclerally endangered Preble's meadow jum]Jing mouse as well 
as to the local }Jlain sh·eamfishei•y. 111 thejielcl, she was 
responsibfo for tlw sampling design anclfield sampling. After 
the ei•ent, she summc1rizecl the incident events andpresentecl 
.findings in c1 report to Burlington Nor/hem Sauter .Fe Railway. 

Evaluation of the Transredes Pefroleum Product 
Spill"', Bolivia (Technical Advisor) 
Ms. Tillquist provided technir(ll ~1tppol'tfollowing a pipeline 
rupture Oil the Rio De.saguardero. The spatial t'-~:te11t·and 
enm'romnental effects ofhyclror:arbon contamination were 
cit•aluated by chemical analysis of environmental media and 
laboratory toxicity tests. These dater were then usecl in a risk 
assessment ta e1.ialuate the potential risk to aquatic biota, 
tei·resl:l·ial herbivores (cattle, slieep, and cnclangeredvicunas), 
ancl human receptors. 

* denotes projects completed with other firms 

Exxon Valdez Oil Spill*, Prince William Sound, Alaska 
Teclmical Support. Ms. 1'illquist provided tcdmil'al s11pportfor 
Natural Resource Damage Clai1TL~filed against Rlxon 
following the Exxon Vcr/clez spill. T1zousa11ds of e11viroimwntal 
sample.s were collected, analy1.cd, and catalogued_. ranging 
from water ancl sediment to oiled wilcllife. il1s. 1'illq·uist was 
responsible for asscml>li11g syntlccsizi11g, and summarizing 
relevant litera1:111·e on oils spills and their impacts to aquatir · 
ecosystems in support of eJ.71erl" witne.~s te.~timony in support 
ofR""rXon. 

Oil and Gas Projects 
Washington Ranch Natural Gas Field Storage 
Projecf*, New Mexico 
Technical support evaluating public safety issul!s, i11c/ucli11y 
p1·eparc1tio11 of Resource Reports for the Feel era/ Energy 
Regulatory Commission (FREC) applit'<ltiOn. El Paso proposed 
to constl'Uct a small natural gas storage field in southeastem 
New Mexico. The project consisted of several hcnizontal wells, 
tie-in pipeli1ws, and access roads. Ms. 1'illquist preparecl 
seueml enviro11111cntal Resource Reports in support of El 
Paso's succe.<sful Federal Energy Regulatory Commission 
(FERC) applicatioll. · 

Boehm Natural Gas Storage Field Projecf*, 
Colorado 
Ms. Til/1111ist provided tet'imiml support evcr/uuting public 
safety issues, including preparation of Resow·ce Reports/01• 
the Federal Energy Regulatory Commission (FERG) 
applicatio11.El Paso propasecl to co11sh'llctc1 small natural gas 
stomgeficlcl in southeastern Colorado. The project consistecl 
of horizontal wells, tie-in pipeline..<, and access roads._11te 
project was successfully permittecl._ 

Raton Basin Expansion Project and Washington 
Ranch Natural Gas Field Storage Project*, 
Colorado, Kansas, Oklahoma, and New M!31<ico 
Tt'Chnical Reuic11u of Public Safety. Ms. 11/lquist evaluated 
public safety issues c1ssot•ic1tecl with severer/ El Paso projects, 
including Raton Basin and Washington Ram:h. El Paso 
proposed to loop its existing Raton Basin nutumi gas pipeline 
system in Colorado, Kansas, and Oklahoma. The project 
woulcl t•onsist of seue.rc1l pipeline loops, laterals, inete1i11g 
stations, and access roads. In Neiu Mexico, El l'aso proposed 
to constnrcta small nntural gas storage field in southeastern 
New l'rfe:cico. 1ne project co11sisted of several holizontal wells. 
tic-in pipeli1ws, a11d ar.cess l'OClds. Ms. Ti/lquist prcpnrecl 
e11vim11me11tal Resource Reports in support of El Paso's 
successful FERC application. 
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Plpe!lne and Facility Decommissioning Evaluation•, 
New Jersey, Pennsylvania 
Project Manager. Ms. '.rillquist was responsible for em/uating 
the condition of the Jlipeli11e and facilities and providing cost 
estimatesfo1· decommissioning the facilities, including 
regulatory compliance. Reliant own.~ a 10-mile pipeline that 
has berm used to ira11sportfuel oil #6 (historically) and.fuel oil 
#2 (currently). 11w company also owns a related.facility with 
breakout tanks ancf abot1eground piping. Reliant was 
considering temporarily (1 to 3 years) ~-uspending the 
transport of oil through the pipeline andfacility and, perhaps, 
totally abandoning these asscts.1llternatively, Reliant wanted 
the e1,1aluation to include the potential for reactit'ating tlw 
pipeline after a temporary sus1ien..;ion. Ms. 1"illquist and other 
stciff evaluated the.federal, state, and /om/ regulc1tory tliat 
govern the temJlorary suspension. reactivation. and 
abC1nclo11ment p1·ocesscs. Additionally, ,ws. Tillquist Cind stciff 
identified technical issues that would be associated with each 
process. Finally, Ms. '.l'il/quist and staff prouidecl Reliant with 
a range of anticipated costs associated with each of these 
activities. 

Ecological Risk Assessment 
Ecological Risk Assessment of Depleted Uranium•, 
Sonoran Desert and Chesapeake Bay, Arizona, 
Maryland 
Co-i11i•estigator, asse.5sing the e11t1iro11mentalfate and 
distribution of depfoted uranium in the Sonomn Desert, Y11ma, 
.. 1rizona, and the Chesapeake Bay,Aberdecm, Maryland. Ms. 
1Yl/quist co/lectecl biota, vegetCition, watel', soils, Cind 
.5edimenls in thefieldfrom contaminated and tmconlaminated 
hites. She also cond11cted to.\'icity w.~ts to evaluate the tm.:icity 
of depleted uranium on kangaroo rats and.freshwater ancl 
mcrrine aquc1tic 01·{1anisms. ii-Is. Til/quist compared 
concentrations of de1>foted uranium collected in the field to 
concenh·ations that caused toxil'ihJ in laborc1tonJ organisms. 

Effects of Two-Stroke Outboard Motor Exhaust on 
Aquatic Biota*, California, Nevada 
Ms. Tillquist conducted a systematic survey of the publishecl 
literature cmclprepcrrecl a monograph summarizing and 
documenting the ecological effectsfrom two-stroke outboard 
engine exhaust into the aquatic environment wCls procluc:ed. 
11w clocument iclentified the major constituents of 011tbocrrc/ 
exhaust, describecl the environmentCilf ate of these 
constituents, and the detailed the toxicological implication.~. 
71ze ecological significance of two-stroke outboard engines 
was found to be p1'imarily clepenclent on the water q1ralihJ 
ch'al'actel'istics of the waterbody, the intensity q(lmat use, and 
the amount of JlDl/utionfrom other anthropogenic sources. 

• denotes projects completed with other firms 

U.S. Army Corps of Engineers, Alaska District, Fort 
Richardson Post-wide Human Health and 
Ecological Risk Assessment*, Alaska 
Ms. Tillquist pl'ovided technical support for the ecologim/ risk 
assessment and toxicological eualuationsfor the projet!t. Four 
ecological l'isk assessments have been comluctedfon•m·ious 
al'eas within the Fort Richardson post. 111is particular post
wide ecologic:Cll risk assessnwnt reuicwed all previous 
assessments, identified data and assessment gaps, and re
assessed 1•isk on a post-wide scale. During this pl'Ocess, Ms. 
Tillquist deuclopecl chemical profiles/or more than Bo 
compounds tlwt had been cletcJC.'ted at Fort Richc1rclso11 . .Ms. 
1'illquist cCllculated exposure of1•arious ecological receptors 
mid compared with to;i.'icihJ reference values estCiblishec/ in tlte 
chemical projile.s to et•aluate the likelihood of risk. The 
evaluC1tion suggested that potential 1isk exists to wildlife 
receptol'sfrom bioaccmm1lating contaminants in aiJUatic 
ecosystems. Subsequcmtfield surveys were conducted to 
confinn or refute this possibility. Data from these sw·veys 
inclimtec/ that the level ofconta111i11ation wCis not 
hignijicantly impacting aquatic ecosystems. To furthel' reduce 
potential ecological 1-isk Cit the site, c11oling water U!<IS 

rerouted m·ound simsitive al'ec1s, pravicling CI simple Cincl 
ine.'l:pensive mitigation ta climincztefiirther e.qwsure. 

Ecological Risk Assessment of US Navy Facilities, 
South Weymouth, Deportment of Defense*, Boston, 
Massachusetts 
lYfs. 1Wquist conducted ecological n"sk assf!h·.mzcntsfor the 
Navy's South WeymouthfacilihJ. M's. Ti/lquist and other staff 
evaluc1ted tlw potential risk to aquatic, wetland, an(/ 
terrestrial 1·cceptors using a weight-of evidence approncltthat 
included screening against benchmarks values, critical body 
residues, toxicity tests, quantitativefielcl sur1.•eys, andfoocl 
we/J exposure modcls. 

Ecological Risk Evaluation of Dioxin's Effects on 
Wildlife*, Guam 
Ms. 1"il/quist eualuC1tecl tlw to;i.'icity of dio.\'in to terreshial and 
aquatic receptors. In support of an ecological risk a.o;sr.ssment, 
provided te(•hnicc1l assessment q.f clio;i.in lmzurds cmcl · 
potL'ntially toxic threshold vCilues. 
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Upper Clark Fork River Ecological Assessment*, 
Upper Clark Fork River, Montono 
iWs. Ti//quist provided technical support for the ecologiwl risk 
assess111cnt and to;l"icologica/ evaluations. Terre..qtrial and 
aquatic sc:recning-level ecological risk assessments were 
ronducted by Ms. 7'illquist to eualuate the potential effects of 
heavy metals on the Clark Fork River ecosystem. 111 
cooperation with the U.S. Environmental Protection Agency 
(USEPA) Region \Tiii, developedfood web e_"Cposure moclels 
and provided extensive chemical profile documentation to 
justifi.J the selection of aquatic and terreshial toxicit?J reference 
values for a1·se11ic, cadmium, copper, lead, and zinc. Esti111ated 
e:1.posure and risk using computer modeL~. Ms. 1'illquist 
sub111itted multiple documents to the llSEl'1\ in support of the 
advancement of science in the risk asse.ssment process as 
rebuttals to the State of Montana's legal posilion. 

Evaluation of 210 Chemicals: Physical Chemistry, 
Acute Toxicity, and Human Health Protection*, 
Nationwide 
Ms. T;l/quist co-cmthored a book and accompcmying CD-ROM 
that describes the toxicity, physical chemistJ•y, cmergl'llcy 
response procedures, mate1ial handling procedures, and 
reglilatory compliance u1formatio11 of 220 chemicals. 
Infonnation was compileclfrom various cc11np11terfaed 
databases. 

Evoluotlon of Chronic Effects to Aquatic Biota from 
Orgonochlorine Exposure, Rocky Mountain 
Arsenal*, Colorado 
Ms. 111/quist was awarded g1·ant as co-principal investigator 
to evaluate tire sub/ethal effects of orga11ol'h/ol'i11e pesticide 
cxposul'e on.fish tiiafood web exposure at the Rot·ky ]\,fountain 
.elrse11al. Specifically, the pl'Oject et•aluated toxic effects using 
bioene1·getic models and used.field clata to validate the model. 

•denotes projects completed with other firms 

Environmental Assessments 
Bureau of Land Management, Over the River™ Art 
Project Environmental Impact Statement and Event 
Management Pion*, Colorado 
Lead Publfo Safety Risk Assessor. Ms. Til/quist evaluated 
public sqfety risks associated with the projf!ct, including 
boating accide11ts, emergency access, and siif.ficicncy of 
emergency personnel anc/ equipment. The 01·tists, Christo ancl 
the late Jeanne-Claude, propose to drape curtains across the 
Arkansas River as a temporary form of art. Since the·projert 
would oc~·zir 011.federal lands, Ms. 'IY//quist helped prepare er 
draft EIS as a third-parl]J consultant to tlw BI..l'l'l's Royal 
Gorge Field Office. The pmject will tah• t'lzree yi>ars to 
constl'Uct, dl~play, a11d disassemble, affecting mm•c tlran 3,soo 
acres ofland. Public concerns ra11gedfrom impacts to bighorn 
sheep, ~est he tics, socio-economic impacts, and public safety 
cmd emergency acc<'.SS along the 1101Tow road that pcirallels 
the 1·iver t/1rough the Arka11sas Ritier ca11yon. Ms. Til/quist 
prepared a semi-qrwnlitatiue risk asse.ssme11t on lroui the 
project could potentially impact public safety. Thefour
vohtme clrnfl EIS evaluated several cdtematit•es that redul'ed 
the size or duration of the c.thibit. 1'he Draft EIS was published 
in July 2010, 11,ith the Final EIS and Record of Decision is~11ed 
in February 2021. 

Environmental Assessment of Chatfield Reservoir 
Drawdown•, Denver, Colorado 
Ms. 1'illquist provided technical direction a11d a11alyzed 
impacts assodated with potential dl'awdown. Denver Water 
proposed to co11struct ancl opel'ate a pump station to ronvey 
raw waterfi·om Clwifielcl Rese1"L•oir to the municipal watt~· 
supply system during drouglit'conditions. Constr11ctio11 of tire 
pump station and drnwclown oftlze rcservoir require.cl the 
approval of the U.S. Army Carps of Engineers. 11ze 
Environmental Assessment evaluated the pott•ntial impacts 
from several drawdown and refill scenarios. While the 
drczwdown woulcl affect recreational opporttrnities, water 
quality, and.fish and wildlife lzaliital at the re.servoir, the No 
At•tion alternative (no pump station, but high ei'Clporatii•c 
losses) also would substantially impact these same rcsourqcs. 
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Pima County Wastewater District, Applicability of 
U.S. EPA Water Quality Criteria In the Arid West*, 
Arizona and Other Western States 
Project Ma11ager. Ms. Tillc1uist eva/uatccl the c1pplimbilit1J of 
11ational water quality criteria(,\ WQC)jor the arid West; 
pc1rtimlarlyfor ejj111c11t-dominated systems. 'Jhe evaluation 
process included the evaluation of four A WQC, looking at 
dumtion andfi·equency of exceedam·es, sensitivity of local 
biota, a11d speed of aq11atic system recoucry. Va1io11s A WQC
moclifYi11g procedures, such as the Recalculation Procedure 
a11d tlw Biotic Ligand Model, were reviewed lo determine their 
approp1'iateness cmcl usefulness for site-specific modification 
of the A WQC. Results of t11is project were published in a 
special publicatio11, ''.Relevance qf Ambicmt Water Quality 
Criteria for Ephemeral and I'if/lue11t-Dependent i-Vatercourses 
of the Ariel Western U.S.," by the SociehJ of Environmentctl 
Toxicology and.4nalytical Chemish·y. 

State of Wyoming, Evaluation of the Effects of 
Water Depletion on Endangered Species, Litigation 
Support, North Platte River•, Wyoming and 
Nebraska 
.Ms. 1Yllquistwas responsible for· et•aluating correlations 
between water levels, fish popufotions, cmcl whooping crane 
and plover populations. Tire effects of North Platte water 
depictions 011 endangered whooping creme and plovers were 
contested in Feel era I Court. Both then specie.~ use the No rt Tr 
Platte drai1111ge during their season11l migrations as a 
foraging crncl restillfJ area. Ms. 11/lquistprovicled a technical 
evaluation of whooping crane pop11lation h·encls and its 
relationship to clischwye at Grand Jslcr11d, Nebraska. Results 
indicated that while clisclmrge rcites can directly affect habitat 
suitc1bilityfor cranes andforagefishfor plovers, thesefcwtor·s 
have not had any mec1surcible effect of whooping cr·am• 
populations. 

•denotes projects completed with other firms 

Programmatic Environmental Impact Statement for 
Herbicide Application throughout the Western U.S.* 
Leacl Technical Advisor.for to).icologicc1I cv11luations of 
herbicides and their e1lt'iro11mentalfate and persistence in the 
environment. Ms. Tillquist assisted in the preparation of a 
Programmatic EIS for the BT..ilf that evaluated the application 
of nine herbicides on BLJl.1-culministerecl lands throµghout the 
West l\:ls. Ti/lquist developed an ecological risk assessment· to 
cvaluctte e:q1osure pathways cmcl potential C!f!et•ts to multiple 
receptors, ranging from 11on-tnrgct plant specie.~ to aquatic 
biota and terrestrial wilcl/ife species. The nine herbicicl(•s 
included /Jromacil, chlorsulfuro11, dijlufenzopyr, diquat, 
diw·on,jluriclone, imcrzapi", su(/i11eh1ron methyl, and 
telmt/1iuro11. To evaluate the toxidty of these nine herbicides, 
Ms. 'J'illquist review, synthesized, and summarizecl 
i1iformationfro111 the Em•ironmental ProtectionAge11ClJ 
registration cluta cmd the peer-reviewed literature to cicue/op 
toxicity benchmarks (tm.icity reference values). These 
benchmark u11lues were subsequently usecl in the ecological 
risk assr.ssment and programmatic EIS. 

Mining 
Bureau of Land Management, Cameco Resources 
In-Situ Uranium Mine Environmental Impact 
Statement•, Gas Hills, Wyoming (Lead Public Safety 
Risk Assessor) 
CameC'o propoS('S to develop tlw Gas Hills /11-siht Recovery 
Uranium Mine Project. 111e project area CjJllers approximately 
8,,i;oo swfc1ce ctcres ( appr·o).'imately 1:~ square miles) of 
federal, state and pril'ale lands. The Bureau of La11d 
ilfunag(•ment's Lander Field Qfjice is the leacl ar1e11cyfor tire 
(mt1iro11111eninl a11alysis. 111e Project is permitted by tire 
Wyoming Deparhncnt of Environmental QualihJ c1i1d l~ 
licensed by the lT.S. Nuclear Regulato1y Cmnmission. Cl111ike 
com•cntionctl mining prc1ctices, i11-sit11 remoual mining 
method.~ utilize a solution consisting of oxygen and carbon 
dioxide or bicarbonate injected i•ic1 com•entio11~1l water wells 
into uranium ore-bearing rockfom1atians in the subsurface. 
The solution clissolvl!S the 11ra11ium orefi'0/11 the rock 
formations into the circulating gro1111dwate1·. '11re rP.sulta11t 
11ra11i11111-beari11g groundwater is recovered by pu11:rpi11g wells 
located adjacent to tlre irifeclio11 wells. 11ze groundwater 
co11taini11g 111·a11i11m is then proc:essecl through ~n ion
exchangefacility where tire uranium is precipitated onto a 
resi11 bead media. 'I1w l'esin beads contClining uranium would 
then be tramparted to the Cameco Smith Ranrh-Higlrland 
ftwilihJ for proC'essing into uranium yellowcake. After tlll! 
uranium has been removed, the re.sin bead media would be 
ret11r111!d to tire Pl'Oject site for· re-use. '11w clistcmce one-way 
from the Gas Hills ta Smith Ranch-Highland is appro:l.imalely 
140 roacl miles. 
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Beartrack Mine, NPDES Issues and Biological 
Opinion•, Napios Creek, Idaho 
.Ms. Ti/lquist was the projeL·t manager for a study tlmt 
evaluated the toxicity of heavy metals to tl'out. Because of 
e;1.1remely low u.mter harclness (less than 10 mg/L of CczCO;:J), 
the permitted discharge of metals, particularl!J copper, wt•re 
c.m·emely low for this mine. Ms. Tillquist developed a sittL 
specific sampling.plan to collect" the necessary datafor the 
development of er site-specific translutor value for tlw mine's 
National l'o//11ta11t Discharge Elimination System permit 
Sczmples were colleL'ted using ultra-clccm sampling lel"lmiques 
and were analyzed to detect metal co11ce11tratio11s at i•ery low 
conreno·ations. Results from these cmczlyse.s were used to 
develop a translator value, allowing the minl1 to continue to 
discharge effluent. 

Water Qualify Evaluation*, Nevada 
Ms. Til/quist was the environmental toxicologist and risk 
assessor evaluczting the impczcts of selenium and mercunJ.fi·om 
a mine. 21ze U.S. Fish cmd Wilcllife Service (USFWS) l'Apressed 
concerns thcrt elevc1tecl comxmtrcrtions of co111ami11a11ts deri11ed 
from the Big Springs Mine, particularly mel'cury and 
selenium, hczve affected or hava the potential to affect aquatic 
biota in the Nol'th Fork of the flumbo/dt River. The USFH'S 
concern was enhanced by the pre.~ence of endangered 
Lal1011tan cutthroat trout and othel' species of concern. 
Cl'iticcz/ly c.•1mluc1ted the USFWS-proposedfiC?/d sampling plan 
cznd questioned wTretTrer the data tlrat would be collected could 
credil>ly discern any aduerse effects aHributable to the Big 
~plings Mine from nol'mal environmental varialJility. As a 
1·esult of the cl'itique, the USFWS revised itsfielcl sampling 
plczn ancl entered into consultation with Jiu/epenclence Mining 
Co. regarding altemative approaches. 

Atlanta Gold, National Pollutant Discharge 
Elimination System Permit*, Atlanta, Idaho 
ProjecLklanczger. i>fining operations in Atlanta, Idaho, have 
Ol'CUl'rec/ since the 1870s. As a 1·esult of tTw.sc activities, mine 
drainage is cul'rently being released at 25 c/ifferent locations. 
Tha primczry contaminant of concern is ursenicu\t/anta CrQ/d 
needs to obtain a National Poll11tw1l Disclial'ge Elimination 
System (NPDES) pennitfor these e;1.isti11g c/ischcirges. To 
e;1.pedite tlie NP DES process, the Enviro11111c11tal Protection 
Agency (EP.4) Region 10 agreed to third-pal'ty pl'eparation of 
the NP DES application, EPA Fact Sheet, cmd the EPA pennit. 

• denotes projects completed with other firms 

Mining Company, Evaluation of Dietary Metals 
Toxicity to Rainbow Trout*, Western U.S. 
Ms. Tillq11ist conc/uctecl literntw·e 1·esean'h to compile ancl 
synthasize data related lo dietal'y metal e.rpostire to trout. In 
some mining areas, metczls co11ce11tmtions in benthic 
macroim•erteb1·ates are elevated compared to refr.renre sites. 
Some scientists have e:rpressecl concem that t1•011t may be 
l~Yposed to potentially toAic leuels qf metals via dieta1y 
C.YJlOSUl'e. Ms. Ti/lq11ist anczlyzec/ tha p11blishecl litemhire and 
established co11ce11lrations of metals in tlte diets that are 
considarecl to haue 110 obsel'vable aclL'ersc effects as wrll as tlw 
lowe.~t conrentl'ation demonst!'ated to hm•e an adverse q(fect 
on survivczl or growth. './'his irifommtion was presentad at tile 
1999 Society of Envil'onmental ToAicology and Analytical 
ClwmistnJ. 

Identification of Potenl!al Habitat for the 
Endangered Lahonton Cutthroat Trout*, Walker 
River and Corson River, Nevada, California 
Ms. Tillquist identified clrc1i11ages within the Walker ancl 
Cal'son Rit•er basins thczt contain potcnticrl /wbitcztfarfut:un• 
l'estoratio11 work for off-site mitigcrtionfor Lahontan · 
l'lltthroat trout hC1bitat. As a re.sult of the pl'oject, suitnble 
habitat was identified/or tTie mining client, who subsequently 
purclwsed the property with its associated water 1-ights and 
successfully conducted off-site habitat mitigation. 

Electrical Power Generation and Transmission 
Bureau of Indian Affairs and Williams Company, 
Wanapa Energy Center Environmental Impact 
Statement*, Hermiston and Umatilla, Oregon 
Ms. 'fi/lq11ist ct•aluatcd water 1·ights ancl researched watar 
laws applicczbfo to tl1e project, particularly tfwse relatt'(f to 
threatened anadl'omo11s salmon species.As a third-party 
contracto1·for thciBurecm of Tndia111\,{fi1irs, l\fs. 1Yllquist 
t•valuated the potential impacts associated with the 
ronstl'llction and opercrtion qfthe Wa11apa Energy Cente~. a 
power generating plant. ,'lrfs. Tillq11istevaluatecl issues 
assol'iatcd with water rights and laws pl'l"taini11g to water 
withdrawal, given the presumption by Diamond Gertemting 
( davelopar) that the watm· rights to ba used were "'resen•ed• 
municipal water l'ights and that these C'ity water rights 
predated the in-streamj/ow req11ireme11tsfor the Col1m1bia 
River. Also, the amount of water withdrawn ancl the method 
usecl to withdraw water were eualuated to c/etennine if tlwy 
could hcwc potenh·az impacts on federally listed Paciftl' 
salmon. Finally, water quality issues were evaluated ta assess 
potential impacts oftTw affluent water used to cool the power 
genel'ating equipment and to predictc!ffi•cts to the 
environment from the c/ischczrged water into tTw environment. 
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Tri-State Generation and Transmission Association, 
Environmental Assessment and Alternative 
Evaluation•, New Mexico 
Prouided tedmical support, evaluated dater, ancl prepm·ed the 
majoritlJ of the environmental assr.s.<menl and altel7latit•r.s 
evaluation. 'li'i-State app/iedforfincmc:icrl assistcmce.fi'Dln the 
Rural Utilities Sen; ices (R US) in order to construct a simple
c:yc:le combustion turbine ge11cratingfacility near Lordsburg, 
New .Mexico. As part of the RUS application process, Ms. 
Tillquist deueloped an Alternatives Evaluation wlriclr 
evaluated alternative sites/or the power plant A Site Selection 
Study also was produced; RUS used this Site Selec.tion Stitely 
as its Enviromnental Assessment (with public scoping). 

Power Plant Application for Certificate*, San 
Bernardino county, California 
Wildlife 1'o:dcologist evaluating risk to endangered biota/mm 
nitrogen deposition. '1111! U.S. Fish cmcl Wildlife Sel'Uic:c 
expressed concerns about tire potential negative effects of 
supplemental atmospheric nitrogen clcpositio11 011 nati've plcrnt 
co111mu11ities originating from tlrr. new Mountailwiew Powt>r 
Plant. Ms. 1'illquist evaluated tire likelihood of changes in tire 
i1egetatiue communities based on their location, growth 
periods, ancl estimated amount of nitrogen deposition. 
Sensititiity to nitrogen enrichment was assessed. The analysis 
inclicated that the amount of additional atmospheric nitrogen 
deposition was 11ot appreciable, particularly when compared 
to tire sizeable bctrkgrouncl c:oncentrcctions in tire Los .4ngelr.s 
Air Basin. 

• denotes projects completed with other firms 

Solar Energy 
Stirling Energy Systems (SES), LLC, SES Solar Two 
Project•, Imperial County, California (Lead Biologist) 
SES submitted an application to tlw Burectu of Land 
Management (BLM)for c/euelopment of the proposed SES 
Solar Two .Pnifect, a conccntmted solar electrical generating 
facility capable of generating 750 megawatts (MW) of 
renewable power. 111e proposed SES Solcrr 'lioo Project site is 
located on approximately 6,140 acres of federal land managed 
by the BT,.\1 and approximately 300 acres ~f privately oumecl 
land, in Imperial County, Califomia. 'J7re project wou/cl rmwist 
of appl'oximately 301000 S1111Catclrers, with a total generating 
capacity of750 MH•': 11re proposed SES Solar 1'wo Project also 
includes an e/echical transmission line, wutel' supply }>ipeli11e, 
and a site access road. A new 230-kV substation would be 
constructed on-site, connected to the existing San Diego Gas & 
Electric Imperial \Talley Substation. uia a io~3-mile1 c/011ble
~irc11it1 230-kl' transmission line. Just over 7.S miles of tire 
new li11e would be ronsb·uctec/ off-site •• 4n off-site 6-inrh 
diametei· watel' supply pipeline would be ronsbucted 3.4 miles 
from the Westsic/e Main Canal to tlw project boundary. 111e 
BLM and CEC luwe exemtcd a Memorandum of 
Uncle1·standing concerning theil' intent to conduct ajolnt 
environmental reuiew oftlw project in CI single NEP,!jCEQ,\ 
process.1'1.fs. 1'illquist provided rel'iew and technical input to 
the Bl.M's 'md CEC's em1iro11mental 1111alysis. Ms. Til/quist 
retiised CEC:~ document under cm extremely tight timeline to 
make the document compliant with BLt1f minimum stcrnclards. 
MC1jor concerns included biological impacts to desert bighorn 
shcrep and cfcrsert tort-oiscr. 
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Bureau of Land Management and California 
Energy Commission, lvanpah Solar Energy Projects*, 
San Bernardino County, California 
Biological Lead, handling wildlife and special status species 
issues. BrightSaurce Energy, Inc. proposed the development 
three separate solar thern1al power plants witliin Cl 3,600-acre 
project site located in the desert in Sall Bernardillo Caullty. 
California. When constructed, the 392-megawatt project will 
be the world's largest solar energy project. nearly do11bling the 
amo11nt of solar thermal electricity mrrcntlJJ prod11recl in the 
U.S. It also will be tlw largcstf111ly solar-powered steam 
turbine. Ms. 'JYllquist also helpc.dprepare ti Supplemental and 
Final EIS as a third-party contractor to the BLM. Ms. 'J'illq11ist 
also workecl cooperatively with the California Energy 
Commission (CEC) ta ensure the CEC siting committee i.<sucd a 
proposed decision consistent with the BLi.lfs Record of 
Deci~ion. BrightSaurce's proprietanJ Luz Power Tower (LP'1' 
technology enables tlw company to employ a low-impact 
environmental design. Instead of the c.rlcnsive land grading 
and concrete p{ICfs, BrightSourre mounts mirrors (heliostats) 
on individual poles that are placed directly into the ground, 
allowing the solar field to be built C1round the m1tural contours 
of the land and avoid areas of sensitive t•egetatian. This design 
also allows/or i•egctation to co-exist within the solarfield. The 
FinCll EIS was published in ,July 2010 with constructio11 infall 
2010. 

Inhalation Toxicology 
National Institute of Health, Retention and 
Clearance of Radioactive Particles from 
Intermediate Airways in Beagle Dogs, Lovelace 
Inhalation Toxicology Research Institute•, New 
Mexico 
Afs. Tillquist WCIS a summer intern who received a gmm· to 
examine the movement and retention of small inhaled 
particles within the intermediate airways of lungs. In the lung, 
particulate matter tends to be trapped eitlw· in tlw upper 
aiJways or deep within the lung. Little was known about the 
ability of the intermecliate airways to det1r or retain 
particulate matter. Ba.~ed on a grant.from the National 
Institutes of Health, Ms. '111/quist developed r1 new technique 
for e:i.71osing intermedir1te ainvays (brancliioles). C/eal'(lnce 
and retention rate.s of val'ious-sized particulate within the 
lung u.1ere evaluated by using particles labeled with 
radioactive cesium and strontium. In tidclitian to this basic 
re.~earc/1, was irwolved in the post-operative 1mformance 
evaluation of lung hw1splants, a relativl'ly new surgical 
procedure. Finally. Ms. 'lrllquist acted as a tcclmicianfor 
measurement of rtidiaactive materials in 1;a1ious tissues t1nd 
other matrices for a t•ariety of other projects. 

•denotes projects completed with other firms 

National Toxicology Program, Acute Ni63SQ4 
Inhalation Exposures in Mice and Rats, Lovelace 
lnhalallon Toxicology Research lnstilute•, New 
Mexico 
Ms. 'IYllquist was the lead technician responsible to seuc1·al 
National Toxicology Program studie.~. As part of the National 
To;l.iwlvgy Program's evaluation of nickel compounds, 
conducted t1c11tc aerosol c.Yposw·e.~ ofla/JomtonJ animals 
(over 100 t1nimals) ill order to evaluate the metabolism of 
nickel. Radioactii•e nickel was 11sed to trace metabolic 
pathways. ·niis work requircci Leuel B laboratory conditions 
(respirators, protective c/otl1iny, slwwer-in/shawcr-011t 
procedures) tis well as constant monitoring for radiolo,rjical 
contamination. 

National Toxicology Program, Chronic NiO, NIS04, 
and N'3S2 lnhalalion Exposures in Rais and 'Mice, 
Lovelace Inhalation Toxicology Research lns!ilute•, 
New Mexico 
Ms. 'J'illquist was the leacl technician responsible ta several 
National Toxicology ProgJ"am studies. The National 
'li>xicological Program (N'l'P) routinely emluatcs tlw to~icity 
of compouncls in the environment. Nickel c.0111pou11d.~ are used 
in a number of mamifartttring processes. Ms. 'IYllqulo;t was 
responsible for the supervision, monitoring, and laboratory 
measurements associated with three large inhalation 
toxicology studies (> 3,soo animals) for the N'I'P.1lfs. 1Yl/quist 
ensured that staff followed Good Lalwmtory Practie1.>s (GLP 
prac:eclures), maintained Qzmlity Assurcmce of thr1 assaciClterl 
data ancl other project-re/c1tecl paperwork. 1'his work i1111olvad 
I.euelB lalioratory condition.~ (z·espirators, protective clothing, 
shower-in/shower-out procedures). . 
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Heidi Tillquist 
Environmr::ntc11 Toxicologisl/Senior ProrJram Mcinoger 

W~ter Quality Assessments 
Climax Mine, Evaluation of the Effects of Aqueous 
Aluminum on Aquatic Biota of Tenmile Creek*, 
Climax, Colorado 
l'rls. Tillquist evC1(11ated eight yeC1rs offish C1ncl 
macroinvertebrate community dater to determine if an,11 
temporal or spC1tial t1'ends relClted to wate1· q11C1liflJ, 
specifically alllminum, wr.re apparent. Whole-ejf/uc11t to:dcity 
(WET) test results/or this same period were summarized mid, 
agai11. were correlated to aluminum concentrations. Final/,111 a 
l'cuiew on the to.YicihJ of aluminum to aquatic biota was 
written to summarize the state-of-the-science knowledge of 
aluminum toxicity in aquatic systems, which has changed 
dramatically since the ambient water quality criteria we1·c 
c/evelopcclfor aluminum. Results showed that although 
aluminum concentrations were ulioue natl'onal ambient water 
qualihJ cl'itwia and /oml background levels, com:enh·ations of 
aluminum were not having any demonstralilc effect on 
aquatic biota. Rather, patterns of improvement were observed 
i11 the biological data since 1995, coinciding with the 
impleme11tct1io11 of significant changes in tlw water t1·eat11wnt 
procedures at the Climax wcrter treatmentfaci/ity. l\Joreouer, 
laboratory WET le.sting showed no ac:llte 01· chronic toxicity 
when aluminum was above ambient water quality criteria. 

Beartrack Mine, Review of Biological Opinion on 
Chinook and Steelhead: Critique and Re
evaluation, Tributary of the Snake River*, Idaho 
Ms. Tillquist conducted a systematic evaluation of water• 
quality in a Snake River tributary to determine if salmon ids 
would be adversely affected by metal concentrations. The 
National Mm·ine Fishel'ies Servicl! (NMFS) origincrlly 
conrJuded in a Biological Opinion that· the continued operation 
oftlw mine jeopardized the suc:cesifel re.introcluctio11 of 
Chi11ook salmon into this watershed. T11is conclusion was 
based on water quality data, which occasional/,11 e.\·c.ceded the 
national ambient water quality cn'teria. Ms. Tillquist re
ei•aluc1ted the water quality data using c1 more extensive 
datasC!t and conducted a broad, weight-o.feuide11ce et•aluation 
that evaluated aquatic community health. 

• denotes projects completed with other firms 

'l'emporal and spatial tl'encls in water quality and.fish and 
bcmt11ic macroinvertebrate conim1111ity struct11re were 
e.l'.aminC!d to determine if any adver.~e effects exist which are 
attributable to the operation of the mine. Speci]lro/ly, this 
assessment et1alucrtcd the likelilwocl of adverse effects to 
.federally listed salmonids. This assessmentfmmd there was 110 

et•idence of ad1•crse impacts.from the operation of tile mine. 
Furthemwre, there were statistically significant indicC1tici11's 
that the aquatic community healtli (measured as clllnsity and 
diversity) hC1s recently improved, perhaps due to the mining 
company's restomtion of historic place1· mining areas in the 
watershed.As a result, theNMFS was forced to recant its 
originC1l position and reuisecl their Biological Opinion to 
indicc1te a no jeopardy.finding. · 

Aquatic Toxicity Assessment of Leachate from the 
Cortez Landfill Superfund Site, Delaware Water 
Gap•, Pennsylvania/ Delaware 
Ms. 'l'i/lquist investigated lcachateji'Oln ·a Superjimd site into a 
National Park area. In the 1970s. barrels containing unknown 
contamination were illegally dumped in a landfill in New 
,Jersey. By the latc 198os1 material/mm these barrels was 
leaching into sun·ouncling propertiC'.s and into the Dclatual'e 
Riucr and the landfill was designated as a Supcif11nd site. 
Notably, there was an increased prcvalena.• of illness in the 
surrounding areas.111isporlio11 of the Delaware River was 
part of thr. Delmuare Rit•w Gap National Park, ad111i11ish·atcd 
by tlze National Park Service. Through a grantfi·om the 
National Park Service, assessed the aquatic to.Yic:ity of leachate 
entering the Delaware River using .Microto.\® and set1cral 
routi11e aquatic toxic:itlJ tl•sts. 

Water Quality Criteria Evaluation•, Nationwide 

{Technical Lead) 
Ms. Tillq11ist is providing support 011 toxicological data ancl 
associated e11i•irom1wntal impacts. National water C]llCllity 
critel'ia promulgated by the U.S. E1wironme11"tal Protection 
Agency (USEPA) are applicable over Cl normal range of water 
hardness. However, the validity of f!:ltl'Clpolating criteria to 
unusually hard or soft waters is unknown. Ms. Ti/lqu/st · 
conducted a literat11re evaluation to determine whether 
application of the USP.PA 's criteria/or metals is appropriate. 
Additionally, i>fs. Tillquist conducted a series of aquatic 
to.tidhJ te..~ts with copper in both ltani and soft waters. Neither 
the literature eualuation nor the toxicity tests s11p11orted the 
extrapolation of criteria beyond tlwse hardness limits. 
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Environrnentcli Toxicologist/Senior Program tv\anager 

Wildlife Biology 
Biomonitoring of the Cache la Poudre River*, 
Colorado 
Ms. 1'il/quist provided tecTmical support for a long-term (i.e., 
ot•er 10 years) biomonitoring project, fish comm1mihJ 
structure progrmn. The study area enmmpassed the Poudre 
Rivet· in northern Colorado with the intent to evaluate if 
changes in water qualihJ attributable to EastmC1n KodC1k hcrve 
negatively impacted the Cache la Poud1·e River ecosystem. 
H<1bitc1t was evcliuated using U.S. Environmental Protection 
Agency's Rapid Bioasscssment Protocol, w11ile the.fish 
community was assessed using t11e Index of Biotic l11teg1·ity. 
Large sccrfo, long-tenn trend.-; in the fish community appeared 
to be primarily affected by human disturbance actit•ities such 
a.5 channelization. i1'1s. Tillquist co11d1cctedjieldwork and 
analyzed data c1s part of an Index of Biotic Integtity 
assessment. Fish collected by electrojishing and seining were 
identified, weighed, mecrsured, and examined for clisecrse. Flow 
rates, habitat t]Jpe, and habitat quality were quantitatively 
evaluated. 

Survey of Fish Assemblage In the Headwaters of 
East Plum Creek*, Colorado 
,"t-fs. Tillquist eonductedfield SU1'Vl'!./Sforfish in small streams 
on U.S. Air ForceAcademy lancl5. TheA.ir Force Academy was 
et·C1luuting the potential environmental impacts ofi1wreased 
ti·aining actiL•ities in undeveloped al'eas of the Academy's 
property. In coiUunction with this C1ssessment, conductedfish 
Slll'Veys in the i11tel'mitte11t portions of upper East Plum Ci·eek. 
Electrofishing gear ancl seines were usecl to sample the creek 
and beaver ponds. No fish werefmmcl in thc•se reaches. 

Museum of Southwestern Biology, University of New 
Mexico, Field Surveys of Fish in Plain Streams of the 
Southwestern U.S.*, New Mexico, Texas, Colorado 
Ms. Til/quist conductedfield surr;eysfol' t11e collection and 
system Citic ide11tijimtion of fish throughout New Mexico, 
Colorado, and Te.\'as. Special emphasis was placed 011 tire 
identification of 1iew DI' existing endangered fish species. 
1'hrough this work, the Rio Grande silvery minnow was 
identified cmcl this species s11bsequently has been listed as an 
endangered s11ecies, largely d11e to the publication of this 
fielclwork. She he/peel c11rate specimens into the Museum of 
Southwestern Biology. 

*denotes projects completed with other firms 

Carbon Dioxide Pipeline Project Environmental 
Assessment*, Wyoming (Project Wildlife Biologist) 
Anadarko proposed to constrcwt the 125-mile-/ong Salt Creek 
Carbon Dioxidel'ipeline . .i'vls. 1'illquist co11ducted sage-grouse, 
mormtainplover, and rnptor surveys. Data from thc..<ejie/d 
reco1111aissancc surveys were used to assist with pipeiine mute 
selection and to idcmtifi.I areas with seasonC1l constnzction 
con.<trnint::. 71ie pipeline has been successfully per1i1itted and 
constructed. 

Nesting Habitat Evaluation and Improvement for 
Threatened Dusky Canada Geese, Prince William 
Sound & Copper River Delta*, Cordova, Alaska 
Ms. 1Yllquist evaluated areas 011 the Copper River Deitafor 
their potential as nesting habitat fol' the endC1ngered D11sky 
Canada goose. Once suitable sites were identified, cirtificiccl 
nesting structures cmcl islands were c:onstructed. Nesting 
success was documentecl through the breeding season to 
detemtine if artificial nesting structures were effective. Ms. 
111/quist C1lso participated in breecling wate1fowl sun•eys and 
llcmrled geese. She also e1111l11ated and consh'llcted in-stream 
habitat impro11emcnt sh·ucturesfm• anadromousjish and 
colleeteci water czucility data. 
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PUBLICATIONS 
Cooper, A. R., H. Tillquist, L. M. Overholt, and D. C. 
Jamison. Cooper's Acute Toxic Exposures (with CD
ROM). CRC Press, Inc., 1996. 

Ebinger, M. H., P. L. Kennedy, O. B. Myers, W. 
Clements, H. T. Bestgen [Tillquist], and R. J. 
~eckman. Long-term Fate of Depleted Uranium at 
Aberdeen and Yuma Proving Grounds, Phase II: 
Human Health and Ecological Risk Assessments. Los 
Alamos National Laboratory, New Mexico. LA-
13156-MS, 1996. 

Bestgen [Tillquist], H. T. Use of soil extracts as a 
culture and test medium for Ceriodaphnla dubia .. 
Master's Thesis. Colorado State University, Fort 
Collins, Colorado, 1992. 

Nimmo, D.R., J. F. Karrish, H. T. Bestgen [Tillquist], T. 
A. Steidl-Pulley, M. J. Willox, T. L. Craig. The 
assessment of nonpoint sources of toxicity in 
National Park waters using biomonitoring 
techniques .. Pork Science, 1992. 

Wolff, R. K., H. Tillquist, B. A. Muggenburg, J. R. 
Harkema, and J. L. Mauderly. Deposition and 
clearance rate of radiolabeled particles from small 
ciliated airways in beagle dogs. Journal of Aerosol 
Medicine 2(3):261-270., 1988. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE APPLICATION 
BY TRANSCANADA KEYSTONE 
PIPELINE, LP FOR A PERMIT UNDER THE 
SOUTH DAKOTA ENERGY CONVERSION 
AND TRANSMISSION FACILITIES ACT TO 
CONSTRUCT THE KEYSTONE XL 
PROJECT, 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

DIRECT TESTIMONY OF 
JON SCHMIDT, PH.D. 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following direct 

testimony of Jon Schmidt. 

1. Please state your name and address for the record. 

Answer: My name is Jon Schmidt. My business address is exp Energy Services, 1300 

Metropolitan Boulevard, Suite 200, Tallahassee, FL 32308. 

2. Please state your position and provide a description of your areas of responsibility 

with respect to the Keystone XL Project. 

Answer: I am Vice President, Environmental & Regulatory Services in the Tallahassee 

office of exp Energy Services, Inc. I am the regulatory and permitting manager for the Keystone 

XL Pipeline Project, including the coordination of the Department of State EIS, DEIS, SEIS, 

FEIS, and FSEIS, the Section 9 Biological Opinion, NHP A Section 106 Programmatic 

EXHIBIT 
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Case Number: HP I 4-00 I 
Direct Testimony of Jon Schmidt, Ph.D. 

Agreement, United States Army Corps of Engineers permitting, the Montana Facility Siting Act 

licensing, South Dakota PUC environmental filing, and other state and federal permitting. 

3. Please state your professional qualifications and experience with pipeline 

operations. 

Answer: My professional background is stated in my resume, a copy of which is attached 

as Exhibit A. My education consists of a bachelor's degree in marine biology, a master's degree 

in biological sciences, and a Ph.D. in biological sciences. In general, I have extensive experience 

in environmental management with respect to the pipeline industry, and have permitted over 

30,000 miles of pipeline projects in most states in the United States over the last 28 years. I 

managed the regulatory and permitting tasks associated with the Keystone Pipeline, including 

( associated compliance inspection during construction. I have testified before the Commission in 

the permit proceedings concerning the Keystone XL Pipeline in Docket HP 09-001. 

4. Are you responsible for portions of the Tracking Table of Changes attached as 

Appendix C to Keystone's certification petition? 

Answer: Yes. I am individually or jointly responsible for the information provided with 

respect to Finding Numbers 32, 33, 41, 50, 54, 73, and 80. In general, I can testify to 

environmental issues other than risk and spill response information; the CMR Plan; the Con/Rec 

Units and the use of horizontal directional drilling. 

5. Please summarize the updated information regarding Finding No. 32. 

Answer: The environmental impacts discussed in Table 6 of Keystone's permit 

application still apply. The CMR Plan has been updated. The last version is Rev4, which is 

attached in redlined form as Attachment A to Appendix C to Keystone's certification petition. 

{01874892.I} - 2 -
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Direct Testimony of Jon Schmidt, Ph.D. 

Overall changes to the CMR Plan were made to clarify language, provide additional detail 

related to construction procedures, and incorporate lessons learned from previous construction, 

current right-of-way conditions, and project requirements. 

6. Please summarize the updated information regarding Finding No. 33. 

Answer: Keystone previously submitted Exhibit TC-14 in connection with the hearing 

on its permit application. Exhibit TC-14 includes soil type maps and aerial photograph maps of 

the route in South Dakota, showing topography, land uses, project mileposts and location 

descriptors. Exhibit TC-14 is still generally consistent in the description of the current Project 

route through South Dakota. Keystone has disclosed in discovery maps of minor route variations 

made at the request of landowners or for engineering reasons. These maps will be marked as an 

exhibit at the hearing on Keystone's certification petition. In addition, Keystone will submit 

updated maps prior to the initiation of construction as required by Condition No. 6 of the 

Amended Final Decision and Order. 

7. Please summarize the updated information regarding Finding No. 41. 

Answer: Since the permit application, Keystone has decided to use horizontal directional 

drilling ("HDD") to cross the Bad River and Bridger Creek, in addition to the Little Missouri, 

Cheyenne, and White Rivers. Exhibit C to Keystone's permit application contains a listing of all 

water body crossings and preliminary site-specific crossing plans for the HDD sites. To 

supplement Exhibit C in Docket HP09-001, Attachment B to Keystone's Tracking Table of 

Changes in Docket HP14-001 contains the preliminary site-specific crossing plans for the HDD 

crossings of the Bad River and Bridger Creek. 

8. Please summarize the updated information regarding Finding No. 50. 
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Answer: The total length of the Project pipe with the potential to affect a High 

Consequence Are ("HCA") is 14.9 miles. The reference to 19.9 miles in the Tracking Table was 

a typographical error. Since the Tracking Table was prepared, the Cheyenne River crossing was 

adjusted because ofHDD access issues and for construction and engineering reasons, resulting in 

a slight increase in total HCA mileage. The current HCA mileage figure is 15.8 miles. The 15.8 

miles are ecologically sensitive areas and do not encompass populated areas or drinking water 

areas. 

9. Please summarize the updated information regarding Finding No. 54. 

Answer: Because of minor route variations, the mileages in South Dakota have changed 

slightly. The route is approximately 315 miles in South Dakota. All but 27.9 miles of the route 

( are privately owned. 1.7 miles are owned by local governments, and 26.3 miles are state owned 

and managed. No tribal or federal lands are crossed by the route in South Dakota. 

10. Please summarize the updated information regarding Finding No. 73. 

Answer: Keystone has updated its CMR Plan since the Amended Final Decision and 

Order. The changes are shown in a redlined version of the CMR Plan, which is Rev4, filed with 

the Commission as Attachment A to Appendix C to Keystone's certification petition. 

11. Please summarize the updated information regarding Finding No. 80. 

Answer: Since the Amended Final Decision and Order, Keystone has completed the 

construction/reclamation unit ("Con/Rec Unit") mapping in consultation with the National 

Resource Conservation Service. The Con/Rec Unit mapping is included as Appendix R to the 

FSEIS. 

( 
' 
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12. Are you aware of any reason that Keystone cannot continue to meet the conditions 

on which the Permit was granted by the Commission? 

Answer: No. I have reviewed the conditions contained in the Amended Final Decision 

and Order dated June 29, 2010. The changes discussed in Finding Nos. 32, 33, 41, 50, 54, 73, 

and 80 do not affect Keystone's ability to meet the conditions on which the Permit was granted. 

13. Does this conclude your prepared direct testimony? 

Answer: Yes. 

~ 
Dated this 3o day of March, 2015. 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 2nd day of April, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Direct 

Testimony of Jon Schmidt, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
· brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
jane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 875th Road 
Atkinson, NE 68713 
tcfrisch@q.com 

{ 01874892.1} 

Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
darren.kearney@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85ih Road 
Neligh, NE 68756 
atanderu@gmail.com 
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Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 6803 7 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30?1h Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 

{01867118.l} 

Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie 1234@yahoo.com 

Jeff Jensen 
14 3 7 6 Laflin Road 
Newell, SD 57760 
jensen@sdplains.com 

Louis T. (Tom) Genung 
902 E. 7th Street 
Hastings, NE 6890 I 
tg64152@windstream.net 

Nancy Hilding 
6300 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 249th Street 
Draper, SD 57531 
jacknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

Wrexie Lainson Bardaglio 
9748 Arden Road 
Trumansburg, NY 14886 
wrexie.bardaglio@gmail.com 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mail to :kevinckeckler@yahoo.com 
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Jerry P. Jones 
22584 US Hwy 14 
Midland, SD 57552 

Debbie J. Trapp 
24952 US Hwy 14 
Midland, SD 57552 
mtdt@goldenwest.net 

Duncan Meisel 
350.org 
20 Jay St., #1010 
Brooklyn, NY 11201 
duncan@350.org 

Bruce Ellison 
Attorney for Dakota Rural Action 
518 6th Street #6 
Rapid City, SD 57701 
belli4law@aol.com 

RoxAnn Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Bonny Kilmurry 
47798 888 Road 
Atkinson, NE 68713 
bjkilmurry@gmail.com 

Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box 25 
Rosebud, SD 57570 
bobgough@intertribal COUP .org 

{01867118.1} 

Cody Jones 
21648 US Hwy 14/63 
Midland, SD 57552 

Gena M. Parkhurst 
2825 Minnewsta Place 
Rapid City, SD 57702 
GMP66@hotmail.com 

Joye Braun 
PO Box484 
Eagle Butte, SD 57625 
jmbraun57 625@gmail.com 

The Yankton Sioux Tribe 
Robert Flying Hawk, Chairman 
PO Box 1153 
Wagner, SD 57380 
robertflyinghawk@gmail.com 
Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
treal bird@ndnlaw.com 

Chastity Jewett 
1321 Woodridge Drive 
Rapid City, SD 57701 
chasjewett@gmail.com 

Bruce Boettcher 
Boettcher Organics 
86061 Edgewater Avenue 
Bassett, NE 68714 
boettcherann@abbnebraska.com 

Ronald Fees 
17401 Fox Ridge Road 
Opal, SD 57758 

Tom BK Goldtooth 
Indigenous Environmental Network (IEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 
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Dallas Goldtooth 
38731 Res Hwy 1 
Morton, MN 56270 
goldtoothdallas@gmail.com 

Cyril Scott, President 
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Dakota Rural Action 
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Certified Paralegal 
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Education & Training 

• PhD, Biological Sciences, Florida 
State University 

• M.S., Biological Sciences, 
University of Bridgeport 

• B.S., Marine Biology, University of 
Massachusetts - Dartmouth 
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Overview 

Jon A. Schmidt is currently the Vice President, Environmental & Regulatory 
Services in the Tallahassee office of exp Energy Services Inc. He joined 
exp in May of 2009. 

Mr. Schmidt has extensive experience in environmental management, 
particularly with respect to the pipeline Industry including: environmental 
regulatory strategy development and project planning, project 
management, environmental surveys, permitting, and environmental 
inspection. In over 25 years, he has permitted over 30,000 miles of 
pipeline projects In most states in the US for mid-stream pipeline 
companies, gas distributors, and producers. He has also permitted LNG 
facilities, refined products, natural gas, and crude oil pipelines and 
terminals throughout the US. This included the management of the 
regulatory and permitting tasks associated with the 7-state, 1,385 mile 
Keystone pipeline and associated compliance inspection during 
construction. 

Currently, Jon is the regulatory and permitting manager for work for the 6-
state, 1,300 mile Keystone XL Pipeline Project, including the coordination 
of the Department of State EIS, DEIS, SEIS, FEIS and now SFEIS, the 
Section 9 Biological Opinion, NHPA Section 106 Programmatic Agreement 
with over 60 parties, USACE permitting across 7 USACE Districts, Montana 
Facility Siting Act licensing, South Dakota Public Utilities Commission 
certification and other state and federal permitting. Jon is also working with 
the Alaska Pipeline Project in developing the FERC filing strategy and 
overall environmental program for the re-designed pipeline and LNG 
project. 

Prior to joining exp, Mr. Schmidt had a wide variety of experience in the 
midstream energy industry, including work on international pipeline 
projects. 

EXHIBIT 
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Project Experience 

• TransCanada/ExxonMobil Development Company as Alaska Pipeline Project (APP), 754 mile, Alaska 
Pipeline Project, Alaska. 
Employment: 2010-2012 

Jon served as a member of the company Environment, Regulatory, and Land (ERL) management team for 
TransCanada and ExxonMobil to direct consulting firms conducting the environmental field surveys, agency 
consultations, and development of the FERC application for the proposed APP. His role focused on developing and 
implementing a regulatory strategy lined up with the commercial realities of the project. Jon directed consultants 
on the scope and efforts required for field surveys, the Resource Reports, and agency meetings and pre-filing 
activities. He wrote an overarching permitting roadmap and strategy, individual agency permitting plans, and 
helped implement through agency meetings and workshops to address and resolve timing and level of detail 
issues with the Alaskan agencies. 

• Keystone XL Pipeline, Montana, South Dakota, Nebraska, Kansas, Oklahoma, and Texas. 
Employment: 2010 
For the expansion of the Keystone pipeline, Jon served as the overall environmental manager reporting directly to 
TransCanada. Keystone XL is a 36-inch 1,375 mile crude oil pipeline to the Gulf Coast of the US. Jon's role was 
similar to that on the Keystone project, but with overall responsibility for environmental compliance. He managed 
several .firms that carried out the field surveys, report writing, and permit application preparation. 

• Keystone Pipeline, North Dakota, South Dakota, Nebraska, Kansas, Oklahoma, Missouri, and Illinois. 
Employment: 2006-2012 

Was overall account manager and project director for AECOM as they served as environmental management 
contractor for Trow Engineering Consultants, owner's engineer for the TransCanada Keystone Project. Keystone is 
an approximate 1 ,300 mile crude oil pipeline. Jon was responsible for the overall environmental regulatory strategy 
for the Department of State Presidential Permit application and EIS process. This effort entailed the coordination 
with the USAGE across multiple districts, multiple USFWS field offices, the NRCS, the South Dakota PUC, North 
Dakota PSC, and multiple state agencies in each state. Jon's role also included senior review on the multiple filings 
that were made to the agencies, consultation coordination and meetings, and negotiation of permit conditions, and a 
Conservation Agreement with the USFWS for Migratory Bird Treaty Act mitigation. Jon was also pivotal in 
negotiating the USACE permitting to be a NWP for all states crossed and mitigation projects to cover compensation 
in all states crossed. 

• ConocoPhillips Company, Environmental Services for Licensing of Proposed Beacon Port Liquid Natural 
Gas Facility, Gulf of Mexico. 
Employment: 2004 

• Project Director, ConocoPhillips Company contracted ENSR to assist with the licensing of its 
proposed Beacon Port liquid natural gas facility in the northern Gulf of Mexico. ENSR's services 
included: 1) developing the environmental report for the deepwater port (DWP) license application 
to the Maritime Administration (MARAD) and the U.S. Coast Guard (USCG), and 2) managing t 
development of the entire DWP license application per the DWP Act of 1974, as amended. 
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• Related services included: 1) regulatory outreach, 2) biological impact assessment, 3) water discharge modeling, 
4) air emissions modeling, 5) Environmental Protection Agency permitting (air and water discharges), U.S. Army 
Corps of Engineers permitting, 5) wetland surveys, 6) threatened and endangered species surveys, and 7) 
development and coordination of a biological sampling plan, among other services. ENSR continues to support 
ConocoPhillips Company in its efforts to develop Beacon Port. 

• AES Ocean Express Pipeline Third Party Environmental Impact Statement. 
Employment: 2004 

Served as Project Director for the Environmental Impact Statement (EIS) prepared for the AES Ocean Express 
pipeline project from the Economic Exclusion Zone (EEZ) to Broward County, Florida. This project ties into a 
pipeline and LNG facility to be built in the Bahamas. ENSR's role is to serve as the Federal Energy Regulatory 
Commission's (FERC's) extended staff in preparing the EIS. To date, a PDEIS has been drafted for regulatory 
review by the MMS, NMFS, FERG, and the USAGE. 

• Ingleside Energy Center and San Patricio Pipeline, Oxy Energy Ventures, Corpus Christi, Texas. 
Employment: 2003-2005 

Jon served as the Project Manager overseeing the preparation of the FERC filing for a new LNG regas facility 
collocated with Occidental's chemical plant and power plant near Corpus Christi, Texas. Jon coordinated the field 
surveys required for the facility location, the marine studies to accommodate the dredging of a new berth and pier, 
as well as studies along the 80+ mile pipeline from the facility to the interstate pipeline grid. Jon worked with Oxy's 
energy services staff to utilize waste heat from the power plant for regasification, air modeling and coordination with 
the plant's existing air permits, and coordination of the NHPA 106 and Section 7 ESA consultation required for the 
FERG application. 

• Bayou Casotte Energy LLC, Casotte Landing Natural Gas Import Terminal, Pascagoula, Mississippi. 
Employment: 2003-2005 

Jon acted as Project Director for the FERC licensing and permitting of a liquefied natural gas import terminal 
adjacent to Chevron's Pascagoula refinery at Moss Point, Mississippi. The FERG filing covered the regasification 
facilities, air modeling and permitting, USACE permitting and dredge disposal studies, and the water use permitting 
for hydrotesting the LNG storage tanks. Because the site location and required dredging impacted the Gulf 
Sturgeon, a Section 7 ESA consultation was required to complete the EIS. 

• Cypress Pipeline Project, 166 mile Natural Gas Pipeline, Coastal Georgia and Florida 
Employment: 2002-2004 

Project Director for permitting the Cypress Project, which included route analysis, agency consultation, FERG 
Environmental Report preparation, wetland delineation report to USAGE and FERC, Environmental Resource 
Permit application to the state of Florida, and specialized field surveys for Gopher Tortoises. 
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• ConocoPhillips Company, Environmental Services for Licensing of Proposed Compass Port Natural Gas 
Facility, Gulf of Mexico. 
Employment: 2002-2004 

Project Manager, ConocoPhillips Company contracted ENSR to assist with the licensing of its proposed Compass 
Port liquid natural gas facility in the northern Gulf of Mexico. ENSR's services included: 1) developing the 
environmental report for the deepwater port (DWP) license application to the Maritime Administration (MARAD) and 
the U.S. Coast Guard (USCG), 2) developing the environmental report for the Certificate of Public Convenience and 
Necessity with the Federal Energy Regulatory Commission (FERC), and 3) managing the development of the entire 
DWP license application in accordance with the DWP Act of 1974, as amended. Related services included: 1) 
management of the regulatory Team Permitting process, 2) biological impact assessment, 3) water discharge 
modeling, 4) air emissions modeling, 5) Environmental Protection Agency permitting (air and water discharges), 
U.S. Army Corps of Engineers permitting, 6) wetland surveys, 7) threatened and endangered species surveys, and 
8) development and coordination of a biological sampling plan, among other services. ENSR continues to support 
ConocoPhillips Company in its efforts to develop Compass Port. 

• Elba Island LNG Import Terminal Reactivation, Southern LNG lnc.-An El Paso Company, Georgia. 
Employment: 1999-2001 

Project Director for the successful 1999-2000 certification for reactivation of the Elba Island Import Terminal. 

• Gulfstream Natural Gas System, Environmental Management of Pipeline Construction Project, Gulf of 
Mexico, Mississippi, Alabama, Florida. 
Employment: 1998-2001 

Project Director for siting, routing, field surveys, and permitting for 775-mile pipeline construction project. To-date, 
the project has Involved the coordination of over 100 regulatory agencies, and over 15 public meetings with 
landowners, the general public and over 30 environmental groups. Led the Team Permitting (Florida) and FERC 
coordination aspects on behalf of the client. Included assessing project impacts to live bottom (reefs) in the Gulf of 
Mexico and impacts to threaten and endangered marine turtles and mammals. 

• Destin Pipeline Company, LLC (Southern Natural Gas Affiliate), Destin Pipeline Project. Construction of 
Natural Gas Pipeline, Gulf of Mexico to Clarke County, Mississippi. 
Employment: 1996-1998 

Project Manager for environmental aspects of construction project which included the installation of 206 miles of 36-
in outside- diameter (OD) and 30-in OD pipeline, installation of 2.4 miles of 16-in OD pipeline in Mississippi, 
installation of four meter stations.construction of a platform in the Gulf of Mexico, and construction of two new 
compressor stations in Mississippi. Tasks included Alternatives Analysis for selection of a preferred rou 
environmental surveys, permitting, and on-site environmental inspection. 
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• Blue Atlantic Transmission System, Environmental Management of Pipeline Project, Nova Scotia Canada to 
New York. 
Employment: 1996 

Project Director for the siting, routing, field surveys, regulatory permitting and meetings, and FERG filing for a 850+ 
mile large diameter pipeline from Nova Scotia into the New York marketplace. The project has involved meeting 
with all the New England state regulatory bodies, the FERG, NMFS, USAGE, MMS, and NOAA to discuss routing 
and field survey requirements. Most of the offshore field surveys have been completed to date. 

• Etowah LNG Company, LLC, Etowah LNG Peakshaving Facility and Pipeline Construction Project, Polk 
County, Georgia. 
Employment: 1995 

Project Director for all environmental aspects of project related to construction of a new 2.5-billion cubic ft. liquefied 
natural gas peakshaving facility and 12.49 miles of 12.75-in OD natural gas pipeline. Directed team responsible for: 
preparation ofFERC 7(c) filing and Biological Survey Report; conducting biological field surveys of the jurisdiction 
and non- jurisdictional facilities (including wetlands, species of concern, and surveys for construction constraints); 
assisting in the siting of the Etowah Pipeline; preparing Land Disturbing Activity; permitting for the construction of 
the jurisdictional facilities; preparing the application to the USAGE for Section 404 permit; coordinating with 
surveyors to quickly complete field surveys; and performing agency consultations and negotiations. 

• TransCanada/ANR partnership, 800+ mile SunShine Pipeline Project, Florida, and Alabama. 
Employment: 1994 

Technical Project Manager. Managed the technical team to put together the state of Florida Siting Application as 
well as directed the effort for the FERG ER. Managed the technical efforts and data analysis for the cultural 
resource and biological surveys using GPS/GIS. Participated in the 36 public meetings and coordinated with 80 
regulatory agencies from local, regional, state and federal agencies to coordinate comments and simplify 
licensing/permitting conditions. Put together a regulatory and technical Mitigation Task Force to constructively deal 
with the impact to over 1, 000 wetland crossings. 

• Transcontinental Pipe Line Company, Southeast Mainline Looping Project, Alabama, Georgia, and North 
Carolina. 
Employment: 1994 

Directed the biological field survey efforts, FERG ER preparation, and provided support to Transcontinental for 
FERG interrogatories. 

• Viking Voyageur Pipeline Company, Viking Voyageur Pipeline Project, Minnesota, Wisconsin, and Illinois. 
Employment: 1993 

Project Director for 800+-mile project which included providing siting, biological and cultural resource 
field surveys, FERC ER preparation, and permitting support and coordination for the joint TransCanada 
and NSP Power project. 
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• ANR, LSP Power Project, Mississippi. 
Employment: 1992 
Project includes the field surveys, permitting and FERG ER preparation for the 12-mile lateral. 

• Southern Natural Gas Company, Southern Natural Zone Ill Expansion Project, Alabama, and Georgia 
Employment: 1991-1994 
Project director for the Southern Natural Zone Ill Expansion Project (27 miles looping in 3 states with compression), 
FERG Section 7(c) Environmental Report (ER), field Surveys, permitting, and environmental inspector's manual 
preparation. 

• Florida Power Corporation, Environmental Master Services Agreement, Florida. 
Employment: 1991-1993 
Projects included jurisdictional wetland delineations at the Higgins Power Plant, waste water monitoring at the 
Montincello facility. 

• ANR Pipeline Company, Patterson Looping Project, Gulf of Mexico, and Louisiana. 
Employment: 1991 
Project director for 37-mile project which included FERG ER preparation, federal and state permitting, and agency 
negotiation. 

• Southern Natural Gas Company, Approximately Fifteen 7(c) Projects Totaling 600 Linear Miles, LA, Ml, AL, 
GA, TN, SC, NC, FL, and Gulf of Mexico. 
Employment: 1990-1992 
Project Manager and Director providing air permitting, contamination assessment, audit and environmental 
inspection services for regulated facilities. 

• US Navy, Environmental Assessments, Puerto Rico, Florida, and Atlantic Seaboard. 
Employment: 1990 
Project manager for several US Navy EAs which were completed for proposed facilities or Navy actions. Projects 
included the Camp Pendleton Warfare Training facilities, the Naval Warfare Training Facilities on Isla Pincros, 
Puerto Rico, and the ecological risk assessment at the Naval Air Training Center in Pensacola, Florida. Managed 
the efforts to conduct a siting alternatives analysis study along the Atlantic seaboard for the shock testing for the 
new class of submarine, the Sea Wolf. Project utilized satellite imagery to create databases and a GIS to manage 
the information. Required to assess impacts of underwater detonation of explosives to marine mammals and 
endangered species. · 
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• Chandeleur Pipeline Company, Chandeleur Destin Extension Project and Chandeleur Expansion Project, 
Mississippi, and Gulf of Mexico, and Louisiana. 
Employment: 1990 

Project director for Chandeleur Destin Extension project (4 miles) and Chandeleur Expansion project (30 miles). 
ENSR provided field survey, FERG ER preparation and permitting support until the project was removed from 
consideration by Chandeleur. 

• Discovery Pipeline Company LLC, Discovery Pipeline Project, Gulf of Mexico, and Louisiana. 
Employment: 1990 

Project manager for 80-mile project where ENSR was asked to provide a fast track ER for filing with the FERG and 
support to Discovery through the FERG review and certification process. 

• Southern Natural Gas Company, Southern Natural East Tennessee Expansion Project, Alabama, Georgia, 
and Tennessee. 
Employment: 1989-1991 

Project Director for the project. On a fast track basis, ENSR conducted biological field surveys, completed the FERC 
ER and survey reports, agency consultation for filing with the FERG and sate and federal agencies in 45 days. 
Completed all permitting and construction implementation plans. Provided EIS and managed environmental 
inspection. 

• Southern Natural Gas Company, North Alabama Pipeline Project, Alabama. 
Employment: 1989 

Project Manager for Southern Natural's 122-mlle North Alabama pipeline project in Tuscaloosa, Fayette, Walker, 
Cullman, Morgan, and Madison counties, Alabama. Project involves route alternatives analysis, FERC 7(c) ER, 
field surveys using GPS/GIS, and public meeting/FERC support through the EIS process, permitting, and agency 
negotiation. Currently providing EIS and inspection services. 

• Tenneco, Tenneco West-East Pipeline Project, Louisiana, and Mississippi. 
Employment: 1989 

Project management involved preparation of the ER for a 225-mile project, management of the biological and 
cultural resource surveys in Tennessee's Vicksburg field office, and coordination with state and federal agencies 
and FERG. 
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International 

• TransCanada Pipelines, Colombia. 
Employment: 1997 
For TransCanada's first pipeline project in Colombia, Jon served as the technical reviewer and in-country consultant 
coordinator between the local environmental consulting firms and TCPL's project staff. He helped the locals 
develop the scope of work for the EIA with the regulators, oversaw implementation, and assisted in impact 
assessment development to ensure permitting conditions could be implemented in the field by TCPL. 

• ENSR {now AECOM) - Senior Vice President 
Employment: 1996 - 2009 
Responsibilities included: Part of senior management team at ENSR/AECOM that oversaw all of the company's 
consulting services related to pipelines and LNG facilities. This included ensuring that staff resources were 
available across the country and around the world to support key clients on all pipeline and LNG projects. Jon was 
also account manager for TransCanada, El Paso, and ConocoPhillips while overseeing the company's mid-stream 
services line. 

• PDVSA, eastern Venezuela. 
Employment: 1996 
Working with Willbros Engineers, Jon served as the project manager for a routing and feasibility study for the 
Caripito-Guiria oil pipeline project in the Orinocho River basin. This project involved siting a new oil pipeline from 
interior E & P locations, across virgin tropical wetland forests, to the coast for PDVSA to build a new oil refinery and 
shipping facilities to export this new source of crude. Working with local environmental and engineering firms, Jon 
oversaw the route development, aerial reconnaissance, and report preparation. He participated with Willbros in 
presenting the study's results to the PDVSA management. 

• Endesa, Chile. 
Employment: 1993 

For two separate projects on the Bio-Bio River, Jon served first as a task leader for an Environmental Impact 
Assessment (EIA) to the International Finance Corporation (IFC) for a hydro-electric dam, the first In a series of 5 to 
be built on this Clase VI river. This project was the first Category A EIA to be reviewed and approved by the IFC. 
On a subsequent project, Jon was the project manager for a downstream impact and flow study related to the EIA. 
Issues and concerns related to the operations of the dam resulted in this additional study where Jon had to 
coordinate and manage local University professors specializing in endemic fish species, hydrologists, modelers, and 
riverine ecologists coupled with E & E's ecological and modeling staff. He managed his work efforts from Santiago 
Chile and served as the principal negotiator between Endesa and the IFC on flow conditions for dam operations. 

• Ecology and Environment Inc. - Senior Environmental Scientist. 
Employment: 1987 -1996 

Responsibilities included: Served as project manager and project director on energy related 
projects throughout the US and overseas. Specialties included marine impact assessments 
and NEPA document preparation for energy projects. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

1. State your name and occupation. 

DOCKET NUMBER HPI 4-00 I 

REBUTTAL TESTIMONY 
OF DAN KING 

Answer: My name is Dan King. My role at TransCanada is Vice-President of 

Engineering, Asset Reliability and Chief Engineer. I am responsible for ensuring the safety and 

reliability of TransCanada's pipeline assets. 

2. Please state your professional qualifications and experience. 

Answer: I have been with TransCanada for 32 years. During that time, I have 

participated in the design, construction, operation and maintenance ofTransCanada's natural gas 

and oil facilities in Canada, the United States, Mexico and overseas. I lead a team of 

approximately 600 engineering and other professionals whose job it is to meet or exceed 

regulatory requirements in the design, construction and safe operation of TransCanada's pipeline 

assets. I hold a Bachelor of Science degree in electrical engineering from the University of 

Calgary. I am a member of the Association of Professional Engineers and Geoscientists of 

Alberta, the American Society of Mechanical Engineers, and the Institute of Electrical and 
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Electronics Engineers. I sit on the board of the Common Ground Alliance, which is a U.S.-based 

non-profit organization that promotes the importance of safe excavation around utilities. My 

resume is attached as Exhibit A. 

3. Did you provide direct testimony in this proceeding? 

Answer: No. 

4. To whose testimony are you responding to in your rebuttal? 

Answer: I am responding to the direct testimony of Evan Vokes. During the entirety 

of his employment with TransCanada, Mr. Vokes worked in an engineering group which I led. 

5. Mr. Vokes states his opinion that the current management of TransCanada is a very 

significant technical threat to the safety of pipelines, including the proposed KXL pipeline. 

Please comment on the focus of TransCanada's management on pipeline safety, with 

respect to the operations and engineering function. 

Answer: TransCanada's management is fully focused on pipeline safety as our 

highest priority. We are a recognized leader in the industry in developing and implementing safe 

construction and operations practices. Management review of the suitability, adequacy, and 

effectiveness of our pipeline integrity and protection programs occurs at every level of oversight 

at TransCanada. The senior governance structures for each of the management systems provide 

the highest level of management governance, overseeing the strategic aspects of management 

review and direction setting. 

TransCanada builds safety and compliance into every aspect of our operations - starting 

with design and continuing through construction and operation of our pipelines. Not only is this 

the right thing to do, but there is no benefit to TransCanada, financial or otherwise, of cutting 
{01958978.1} 
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comers on safety or compliance. TransCanada's success, from a business perspective, depends 

on building safe, reliable pipelines that service North America's energy needs on a long-tenn 

basis. TransCanada will not compromise safety - period. 

Contrary to Mr. Vokes' comments, TransCanada does not profit from cutting prudently 

incurred safety-related expenses. From a business standpoint, we are paid to safely move 

products on behalf of our customers. If our systems are not designed properly or do not work 

reliably, that impacts our bottom line. It just makes good business sense to do things right from 

the beginning. We deliver critical energy products that we all rely on every day and the public, 

our regulators, and our shareholders expect us to do our jobs as safely as possible. 

One of the primary tools for ensuring safety and compliance is the implementation of robust 

and rigorous quality management systems (QMS) for pipeline design and construction. The 
{ 

\. 
quality management system includes various checks and balances to ensure all pipelines are 

constructed in compliance with regulatory requirements, codes, and internal company 

specifications. 

Pipeline projects are complex undertakings and there are many factors that may lead to issues 

during the lifecycle of a pipeline, but the quality management system operates to identify issues 

or non-conformances. Non-conformances are situations where code or internal specifications are 

not met in the initial construction. Should non-conformances occur, they are identified and 

corrective actions are developed and implemented prior to a pipeline being placed into service. 

The quality management system is comprised of a series of processes that apply to engineering 

design, procurement, and construction of pipelines. These processes include: 
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• Engineering design reviews; 

• Specifications for materials, welding, and non-destructive examination (NDE); 

• Qualification of suppliers and services; 

• Inspection requirements and training for manufacturing, fabrication, and constructiOn; 

• Engineering reviews and audits of construction; and, 

• Lessons learned and continuous improvement. 

The quality, safety and inspection standards that TransCanada adheres to during 

construction are among the best in the world. Prior to putting a pipeline into service, non

destructive examination is carried out on all welds. Hydrostatic pressure testing is conducted at 

pressures well in excess of design operating pressures to prove the integrity of the pipeline. In

line inspection tools, known as smart pigs, are then used to measure and test for any defects in 

the pipe. Any anomalies that do not meet acceptance criteria are cut out and replaced prior to 

operations. 

This department was fully and adequately staffed during Mr. Vokes' tenure with 

TransCanada. Moreover, since Mr. Vokes' departure in 2012, over 1,500 new employees have 

been hired into the TransCanada Operations and Engineering department, which is reflective of 

the Company's growth. Specifically, 241 net new permanent hires have been made in the 

Engineering and Asset Reliability team. The Materials Engineering department (which Mr. 

Vokes refers to as the Engineering Specialist department) currently employs 31 employees whose 

primary purpose is to support projects and ensure our standards are followed. 

6. Can you discuss Mr. Vokes' position and responsibilities while at TransCanada? 
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Answer: In 2007, Mr. Vokes was hired on as an Engineer-in-Training (EIT). He 

worked in the welding team along with senior engineers and technologists. In the Province of 

Alberta, an engineer must have four years of suitable work experience under the supervision of a 

professional engineer before being eligible for professional engineering status (P.Eng.). As an 

EIT, Mr. Vokes worked under the guidance and supervision of a senior professional engineer. In 

July, 2009, Mr. Vokes received his P.Eng. He was then promoted to a junior engineer position. 

As a P.Eng., Mr. Vokes was moved into the Non-Destructive Examination (NDE) area. He 

worked under the guidance of a senior NDE technologist. In both the welding area and the non

destructive examination area, Mr. Vokes was responsible for identifying issues and addressing 

non-conforming work as a standard part of the quality control process. 

7. Mr. Vokes alleges that a rupture on the North Central Corridor Buffalo West 

pipeline was the result of cost/schedule decisions made by project managers, and 

specifically that the materials involved were understrength. Can you comment on that 

allegation? 

Answer: The failure was not caused by cost and schedule decision or by 

understrength materials. To the best of my knowledge and based on a good faith inquiry, 

TransCanada did not falsify any documents in this regard. TransCanada's finding is that the 

cause of this natural gas pipeline failure was a set of issues unique to this pipeline, its design, and 

operating temperature. These conditions are not directly relevant to the Keystone XL Project, but 

we do incorporate the learnings from all failures and quality issues into future projects and 

operations. 
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8. Mr. Vokes alleges that substandard fittings are in service in the US and an equal 

number in Canada on the Keystone system. Can you comment on that allegation? 

Answer: All fittings in service on the Keystone system in Canada and the US are 

safe for continued operation of the pipeline. Every fitting in service has successfully undergone a 

hydrostatic pressure test to a pressure significantly higher than the maximum operating pressure. 

Fittings were ordered stronger than required to meet the intended design. Because certain 

fittings came with less strength than ordered, TransCanada conducted an extensive engineering 

assessment to ensure the fittings were acceptable for design and operations, which included 

mechanical testing, stress analysis, and proof testing. TransCanada also applied composite 

reinforcement to specific fittings in consultation with PHMSA. 

Both the National Energy Board and PHMSA have been heavily involved and engaged 

throughout this process. PHMSA initiated an independent third party engineering review of 

TransCanada' s engineering assessment and the review confirmed the fittings within the pump 

stations meet burst pressure requirements, stress analysis requirements, and the design 

requirements for the maximum operating pressure (MOP) of the Pipeline. TransCanada would 

not be operating the system if we could not prove it was safe for operation. 

9. Mr. Vokes alleges that on the Keystone Phase II or Cushing Extension project, 

TransCanada engineers were forced into allowing the project to permit substandard 

inspection techniques on girth welds. Can you comment on that allegation? 

Answer: Keystone engineers specified industry-accepted non-destructive 

examination practices in accordance with federal code requirements, Company specifications, 
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and industry standards. Full time third-party auditors also were employed during construction 

activities to verify the inspection techniques being applied and the results of those inspections. 

10. Mr. Vokes alleges that there was a problem with the original design of the Keystone 

pump stations and that inspectors were penalized for a practice of "contractor self

inspection." Can you comment on that allegation? 

Answer: Keystone has safely transported almost one billion barrels of crude oil 

since 2010, thus validating the original design of the pump stations. I am not aware that 

TransCanada has penalized any inspectors for a practice of "contractor self-inspection." In fact, 

TransCanada requires Contractors to implement a quality management plan because we believe it 

is imperative that contractors take responsibility for the quality of their work. Requiring the 

contractor to implement a quality management plan, however, is just one of part of 

TransCanada's larger, multi-layer quality management program, which also includes inspection 

by TransCanada. 

11. Mr. Vokes alleges a "salt induced microcracking" problem with pipe ordered for the 

Keystone XL pipeline. Can you comment on that allegation? 

Answer: There is no phenomenon known as "salt induced microcracking" in the 

pipeline industry. Salt on the surface of the bare pipe can cause disbondment of the coating 

during the application process. Because of this, the pipe is cleaned prior to coating application, 

both in the mill and in the field, in order to remove any contaminants. Furthermore, the pipe is 

inspected through the use of a "holiday" detector, which identifies any gaps in the coating, both 

in the mill upon completion of coating application, and prior to the pipe being placed into the 
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ground, to verify that no coating disbondment has occurred. An above-ground close interval 

cathodic protection survey is performed on the pipeline after it has been lowered into the trench 

and backfilled to determine if there are any areas of coating disbondment as required by PHMSA 

special condition requirements. 

12. Mr. Vokes alleges that certain anomalies on the Gulf Coast section of the Keystone 

pipeline were the result of construction contractors not following the code of construction 

and inspectors not enforcing the rules. Can you comment on those allegations? 

Answer: TransCanada conducts various inspections throughout a project, including 

inspections after hydrostatic pressure testing. These inspections were effective in finding 

anomalies on the Keystone Gulf Coast pipeline. Coating damage and pipe body dents were all 

identified and repaired prior to any oil product being introduced into the pipeline and at no time 

posed a threat to the safety of the pipeline or to the environment. . 

13. Mr. Vokes alleges that on the Gulf Coast project there were extensive problems 

including pipe falling or ready to fall off skids, heavy equipment marks consistent with 

collisions with pipe, serious coating damage from pipe being mishandled, repair coatings 

not correctly applied, and pipe on top of large rocks. Can you comment on those 

allegations? 

Answer: As I have indicated, the purpose of TransCanada's multi-layer inspection 

system is to identify and remediate events or occurrences that do not meet our stringent 

construction standards. If there were instances of the issues cited by Mr. Vokes, they would have 

been identified and addressed by these inspections. Indeed, as I have testified, the Keystone 
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pipeline system has safely transported almost one billion barrels of crude oil since 2010, thus 

demonstrating the efficacy of our quality management system. 

14. Mr. Vokes alleges numerous quality failings on the Bison Pipeline project. Can you 

comment on those allegations? 

Answer: The Bison pipeline experienced a failure six months after being placed in 

service. The failure was caused by a back-hoe strike that was unreported. PHMSA had extensive 

involvement during the failure investigation and repair program. TransCanada conducted high 

resolution in-line inspections of the Bison pipeline, pipeline excavations, and an above ground 

close interval cathodic protection survey, and addressed all indications found to PHMSA's 

satisfaction. The Bison pipeline is in full operation. Other than at this one location, TransCanada 

did not find any other indications of external damage or other issues with the safe operation of 

the pipeline. As a result of this failure, increased numbers of inspectors and enhanced inspector 

training have been instituted on future projects. 

15. Mr. Vokes alleges that managers at TransCanada sanction unsafe construction 

practices to the benefit of cost and schedule. Can you comment on that allegation? 

Answer: As I have described, TransCanada employs a project management system 

based on industry best practices for quality management and project management to deliver 

large-scale construction projects. TransCanada is a leader in the use of advanced construction 

practices. This is demonstrated by our voluntary commitment to adopt special conditions related 

to the design, construction and operations of the Keystone XL project that are above the 

requirements in the applicable federal regulations and industry standards. In view of the 
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extensive internal and external checks on construction practices, cost and schedule concerns do 

not override adherence to safe construction practices. Contrary to Mr. Vokes assertion, 

TransCanada's business does not benefit from unsafe pipeline construction or operations. 

Pipelines that are unsafe cannot be operated and shippers will not move products through 

pipelines that are not reliable. 

16. Does this conclude your testimony? 

Answer: Yes it does. 
,,,,.... 

Dated this _2_ day of June, 2014. 
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Ivey Executive Program, Ivey School of Business, University of Western Ontario, 1997 

Over thirty years of experience in the design, construction, maintenance, project and program 
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- wide variety of project and program management activities 
- Development, design and commissioning work on the instrumentation and control systems for 
pipeline facilities. 
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Vice President - Engineering & Asset Reliability 
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governance, risk management and specialized core technical support 

Director - Engineering 
Management of the Engineering department. Accountable for the reliability of all TransCanada's 
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initiatives. 
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Management of the Pipe Engineering department. Accountable for the development, 
implementation, standards and technical support for the pipeline integrity program at 
TransCanada. Leadership for 3 managers, strategy and goal setting for the department, 
reorganization and outsourcing of certain activities. 

Manager - Program Development - Pipe Engineering 
Management of a multidisciplinary group accountable for the development of the pipe integrity 
program for TransCanada. The group uses extensive quantitative risk management techniques to 
develop a $65 to $100 million per year program to ensure the safety of the pipeline system. 
Includes the management and planning activities for a staff of approximately 25 engineers and 
technologists, dealing extensively with regulators and other third parties. 

Manager - Materials, Standards and Technology 
Management of a services group accountable for: materials testing and failure analysis, 
Engineering Standards and Procedures management, Technology Program Management (R&D). 
Includes the management and planning activities for a staff of approximately 25 engineers and 
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Program Manager - Products & Pricing Implementation 
Customer Interface - Rates and Revenues 
Responsible for developing and managing the program to implement the business process and 
computer system changes necessary to support the major change in Nova Gas Transmission's 
service and pricing offerings to customers. This change involves moving from the "Postage 
Stamp" toll to receipt point specific tolls. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09·001 
TO CONSTRUCT THE KEYSTONE XL 
PIPELINE 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

REBUTTAL TESTIMONY OF 
F. J. (RICK) PERKINS 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

( Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of F. J. (Rick) Perkins. 

1. Please state your name and occupation. 

Answer: Rick Perkins. I am the Project Manager-Logistics and Services for the 

TransCanada Keystone XL Pipeline project. I am employed by TransCanada. 

2. Whose testimony are you rebutting? 

Answer: Faith Spotted Eagle. 

3. Are construction workforce camps to be utilized during the construction of the KXL 

pipeline part of your area of responsibility? 

Answer: Yes. 

4. Will there be any workforce camps in South Dakota during the construction of the 

Keystone XL pipeline? EXHIBIT 
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Answer: Yes, three camps, one located near Buffalo in Harding County, one near 

Howes in northern Meade County, and one near Colome in Tripp County. 

5. Will Keystone operate the camps? 

Answer: No, the camps will be operated by Target Logistics, a company that 

specializes in the development and in the operation of workforce camps worldwide. 

6. Tell the Commission about Target Logistics' experience in operating workforce 

camps. 

Answer: Target Logistics is highly experienced in operating workforce camps, both 

civilian and military. It has operated workforce camps throughout the nation and internationally 

for years. 

7. Describe the camps for the Commission. 

Answer: The workforce camps are constructed on property that is leased for that 

purpose. Keystone has leased sites for the three South Dakota workforce camps. Each camp is 

constructed employing purpose built modular units. The modular living units contain rooms 

much like small motel rooms, each occupied by a project employee. Other modular support 

units contain a commissary style store that sells a wide range of necessities, a kitchen and dining 

complex, medical facilities, recreational facilities, laundry facilities, administrative offices; other 

modular units contain support facilities. The camp will be entirely removed at the conclusion 

of camp operation. Target Logistics supplies the modular units, custom built to Keystone's 

specifications. 

8. What is the capacity of the camps? 

Answer: Typically the camps will be constructed to accommodate a peak capacity 

of 1,200 persons. During the run up to the peak of construction, occupancy will ramp up over 
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/ time. We expect occupancy during the height of construction to peak at about 1,200 and to ramp 

down as construction activities are completed. 

9. How long do you expect the camps to remain open? 

Answer: Approximately 18 months from the beginning of camp construction until 

the camp is closed and all facilities removed. 

10. Describe the typical employee who will live in the camps. 

Answer: The camps will be populated by pipeline construction workers and 

construction support personal. Pipeline construction workers, often called "pipeliners," are 

typically union employees, hired by our construction contractors. Most are career pipeliners, 

who make their living constructing cross-country pipelines. Skill sets run from common laborers 

to equipment operators through highly skilled specialty welders, inspectors, and a wide variety of 

specialist technicians and support personnel. Typically, a superintendent for one of our 

contractors has a core group of key employees that he hires for each project; usually all are 

acquainted, and work on projects as they develop. Pipeliners as a group are hard-working, used 

to long work hours, highly responsible, and well compensated. Many have college degrees and 

years of experience in the business of constructing pipelines. The average age of camp 

occupants will be in the early 40s. 

In addition, Target Logistics employees who operate the workforce camps will live in the 

camps. 

11. How do construction workers get from the camp to the job site? 

Answer: Pipeline construction is accomplished in construction "spreads". A 

"spread" is considered the labor and equipment required to construct the pipeline in a given 

geographic area, typically a distance of from fifty to one-hundred miles long. Many of the 
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pipeline construction workers are transported to and from the pipeline construction location each 

day in work buses provided by the pipeline construction contractor. This is done to reduce 

highway traffic congestion. 

12. Are there behavior codes imposed on occupants of the camps? 

Answer: Target Logistics will have strict behavior codes that apply to all persons 

living in the camp. If a resident violates the terms of the behavior code, their residency in the 

camp could be terminated. Because camp lodging will be provided to all camp residents at 

Keystone's expense; the loss of camp residency privileges is a major cost benefit to the worker 

and a major good behavior motivator. Therefore, we anticipate no discipline problems in the 

camps. 

13. How are the behavior codes enforced? 

Answer: Each camp will have a security team provided by Target Logistics. The 

security team enforces the rules of conduct that govern the camps. There is very little occasion 

to enforce the behavior codes in the camps. Most workers put in 10 hour days, plus travel time 

from the camp to the construction and return, and accordingly have little extra time or energy to 

involve themselves in behavior that is in violation of the occupancy rules. 

14. Is local law enforcement engaged for the camps? 

Answer: Target Logistics will provide 24-7 camp security using its own security 

officers. Local law enforcement will be engaged if needed within the camps; however, that is 

not anticipated. Keystone has already conducted preliminary discussions with local law 

enforcement agencies and has indicated that when necessary, it will augment the cost of 

additional law enforcement personnel required as a result of the workforce camp. 

15. Have you obtained local government approval for the camps? 
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Answer: Keystone has obtained a conditional use pennit from Harding County for 

the construction and operation of the camp near Buffalo. A conditional use permit for operation 

of the camp to be constructed in Meade County is not required; however an occupancy pennit for 

work force camp will be obtained prior to operation of the camp. Tripp County does not have a 

zoning ordinance or a conditional use permit requirement for the camp planned for near Colome. 

16. Is your professional resume attached and marked E::ii:hibit A? 

Answer: Yes . 
. h 

Dated thisa\6-t day of June, 2015. 

F.J.//.£/L-
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Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008(a),hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 68037 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 
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johnharterl l@yahoo.com 
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Fredericks Peebles & Morgan LLP 
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/ Jennifer S. Baker 
Joye Braun 

Representing Yankton Sioux Tribe 
PO Box 484 

Fredericks Peebles & Morgan LLP 
Eagle Butte, SD 57625 

1900 Plaza Dr. 
jmbraun57 625@gmail.com 

Louisville, CO 80027 
jbaker@ndnlaw.com 

Duncan Meisel The Yankton Sioux Tribe 
350.org Robert Flying Hawk, Chairman 
20 Jay St., #1010 PO Box 1153 
Brooklyn, NY 11201 Wagner, SD 57380 
duncan@350.org robertflyinghawk@gmail.com 

Thomasina Real Bird 
Attorney for Yankton Sioux Tribe 
trealbird@ndnlaw.com 

Bruce Ellison Chastity Jewett 
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belli4law@aol.com 

RoxAnn Boettcher Bruce Boettcher 
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'· 
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boettcherann@abbnebraska.com boettcherann@abbnebraska.com 
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bjkilmurry@gmail.com 

Robert P. Gough, Secretary Tom BK Goldtooth 
Intertribal·Council on Utility Policy Indigenous Environmental Network (IEN) 
PO Box 25 PO Box 485 
Rosebud, SD 57570 Bemidji, MN 56619 
bobgough@intertribalCOUP.org ien@igc.org 

Dallas Goldtooth Gary F. Dorr 
38731 Res Hwy 1 27853 292nd 
Morton, MN 56270 Winner, SD 57580 
goldtoothdallas@gmail.com gfdorr@gmail.com 
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Cyril Scott, President Paula Antoine 
Rosebud Sioux Tribe Sicangu Oyate Land Office Coordinator 
PO Box430 Rosebud Sioux Tribe 
Rosebud, SD 57570 PO Box 658 
cscott@gwtc.net Rosebud, SD 57570 
ej antoine@hotmail.com wopila@gwtc.net 

paula.antoine@rosebudsiouxtribe-nsn.gov 
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Frank James Robin S. Martinez 
Dakota Rural Action Dakota Rural Action 
PO Box 549 Martinez Madrigal & Machicao, LLC 
Brookings, SD 57006 616 West 26th Street 
fej ames@dakotarural.org Kansas City, MO 64108 

ro bin.martinez@martinezlaw.net 

Tracey A. Zephier Paul C. Blackbum 
( Attorney for Cheyenne River Sioux Tribe 4145 20th Avenue South 
\ Fredericks Peebles & Morgan LLP Minneapolis, MN 55407 

910 5th Street, Suite 104 paul@paulblackbum.net 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

Matthew Rappold April D. Mc Cart 
Rappold Law Office Representing Dakota Rural Action 
on behalf of Rosebud Sioux Tribe Certified Paralegal 
PO Box 873 Martinez Madrigal & Machicao, LLC 
Rapid City, SD 57709 616 W. 26th Street 
matt.rappoldO l@gmail.com Kansas City, MO 64108 

april.mccart@martinezlaw.net 

Kimberly E. Craven Joy Lashley 
3560 Catalpa Way Administrative Assistant 
Boulder, CO 80304 SD Public Utilities Commission 
kimecraven@gmail.com joy.lashley@state.sd.us 

Mary Turgeon Wynne Eric Antoine 
Rosebud Sioux Tribe - Tribal Utility Rosebud Sioux Tribe 
Commission PO Box 430 
153 S. Main Street Rosebud, SD 57570 
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WOODS, FULLER, SHULTZ & SMITH P.C. 

By Isl James E. Moore 
William Taylor 
James E. Moore 
PO Box 5027 
300 South Phillips Avenue, Suite 300 
Sioux Falls, SD 57117-5027 
Phone (605) 336-3890 
Fax (605) 339-3357 
Email James.Moore@woodsfuller.com 
Attorneys for Applicant TransCanada 
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F.J. (Rick) Perkins 

Work: (8J2) 320"59l5 . Cell: (40Z)350-t281 

·· · email:·Rick Perkins@TransCanada.com • 

CAREER EXPERIENCE OVERVIEW 

• 25 Years - Service contract development for onshore and offshore pipeline, process plant, and 
compressor station engineering, construction, and other project support activities 

• 6 Years - International Offshore Project Materials Management (Purchasing and Logistics) 
• 7 Years - Onshore exploration and production administrative budgeting and forecasting, office and fleet 

management 
• 3 Years - Project Management 

SIGNIFICANT CAREER ACCOMPLISHMENTS 

• As a Buyer, Purchasing Manager, and Contracts Manager, I have participated in the development and 
installation of 5 major offshore platforms in the Java Sea in Indonesia, the development and installation 
of over 3,000 miles of large diameter pipeline and over 500,000 horsepower of pipeline compression in 
the United States. 

WORK HISTORY 

May/2012 - Present TransCanada/Keystone XL Project - Houston, TX - responsible for project 
workforce camp development, project pipe logistics and pipe preservation 
activities, project aviation requirements, and project field office development. 

201 O-May/2012 

Title - Project Manager - Services & Logistics 

TransCanada USA Operations, Inc. - Houston, TX - currently manage the service 
contracting requirements in the U.S. for all of TransCanada operating pipeline 
entities 
Title - Supply Chain Management - Manager - U.S. Services 

2007 to Sept 201 O TransCanada USA Operations, Inc. - Omaha, NE - supported various TransCanada 
pipelines with the purchasing and contract requirements for major pipeline and compression 
projects in the United States 
Title - Sr. Contract Analyst 

2005 to 2007 ONEOK Partners GP, LLC - supported Northern Border Pipeline Company, Viking Gas 
Transmission Co, Guardian Pipeline LLC, and Midwestern Gas Transmission Co with their 
contract requirements for major pipeline and compression projects in the United States 
Title - Sr. Contract Analyst 

2002-2005 EL PASO CORPORATION - supported ANR Pipeline Co. and Tennessee Gas Transmission 
Co. with the contract requirements for major pipeline and compressor projects, both 
onshore and offshore 
Title - Principal Procurement Specialist 

1989 - 2002 Enron Engineering and Construction Co. (supported all Enron pipeline entities with 
the contract requirements for all major pipeline and compression projects in the U.S.) · 
Title: Contracts Manager - Major Projects 

1987 -1989 Enron Gas Processing Company 
Title: Sr. Administrative Specialist 

1980 -1987 Lear Petroleum Corp 
Title: Division Administrative Manager 

EXHIBIT 
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Resume' 
Frederick J. (Rick) Perkins 
Page2~-

1975 -1980 

1973-1975 

1971 -1973 

EDUCATION 

Natomas International Corp. (parent company of "Independent Indonesian American 
Petroleum Company") 
Title: Buyer/Purchasing Manager 

Ingersoll Rand Corp. 
Title: Regional Corporate Expediter 

Missouri Pacific Railroad (now part of Union Pacific Railroad) 
Assistant Terminal Manager 

BBA, University of Houston, 1971 
CM, American Society of Transportation & Logistics 
Airline Transport Pilot, Flight Instructor 

HEALTH 
Excellent, non-smoker. 

REFERENCES - Personal and Professional 
Furnished upon request. 
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BEFORETHE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

REBUTTAL TESTIMONY OF 
HEIDI TILLQUIST 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

l Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Heidi Tillquist. 

1. Please state your name and occupation. 

Answer: Heidi Tillquist, Director of Oil and Gas Risk Management, Stantec 

Consulting Services Inc., Fort Collins, CO. 

2. Did you provide direct testimony in this proceeding? 

Answer: Yes. 

3. To whose direct testimony are you responding in your rebuttal testimony? 

Answer: I am responding to the direct testimonies of Richard Kuprewicz of 

Accufacts Inc., Ian Goodman and Brigid Rowan of The Goodman Group, Ltd., and Arden Davis, 

Ph.D., P.E. 

{01972018.1} EXHIBIT 
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4. ~Kuprewicz (p. 4} and Goodman and Rowan (p. 22, 23, 24, 25, 34, 35, and 50) 

question the use of historical incident databases to conduct the 2009 Keystone XL Risk 

Assessment included as part of the Department of State Final Supplemental Environmental 

Impact Statement (FSEIS). Can you comment on the use of historical incident databases, 

such as the PHMSA database, as industry practice? Additionally, please explain how the 

PHMSA database was used to determine risk as part of the permitting process for the 

Keystone XL pipeline. 

Answer: During the environmental permitting process, Keystone elected to provide 

an estimate of failure frequencies and range of probable spill volumes based on historical data 

since no operational data is available for the proposed project. These statistics are then combined 

with environmental data to assess the reasonable range of environmental impacts that may occur 

in the event of a release. 

The PHMSA database was used in the development of the 2009 Keystone XL Risk 

Assessment. While future events cannot be known with absolute certainty, historic incident 

frequencies are an appropriate basis on which to estimate the number of events that might occur 

over a period of time. The 2009 Keystone XL Risk Assessment was developed as a part of the 

State Department's environmental review under the National Environmental Policy Act (NEPA) 

during its permitting process. The purpose of this Risk Assessment is to provide a conservative 

range of anticipated effects from the operation of the Project that is sufficient for the purposes of 

federal permitting requirements. Additionally, the 2009 Keystone XL Risk Assessment provides 

a preliminary evaluation of potential risk during the pipeline's design phase and provides an 

initial basis for emergency response planning. 

{01972018.1} 
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A· two-year independent review of Keystone XL' s design and the 2009 Keystone XL 

Risk Assessment was conducted by Battelle Memorial Institute (Battelle) and Exponent Inc. 

(Exponent) under the direction of the US Department of State (DOS), Pipeline and Hazardous 

Materials Safety Administration (PHMSA), and the US Environmental Protection Agency 

(USEPA) to address concerns raised by the USEPA in the NEPA review of the proposed project. 

Battelle (2013) concluded that "because historic data provide a sound basis to assess risk from a 

historic perspective, it is customary to do such analysis based on the historic record. As stated in 

the [2009} Keystone [XL} Risk Assessment, the Project is being weighed relative to the US 

portion of the system; therefore, their assessment focused exclusively on the US database, which 

is maintained by the P HMSA ... As has been noted by Keystone, all data available were used with 

the exception of information involving terminals and tanks, with a rationale noted for that 

decision. As needed, gaps were bridged or adjustments were made in the context of judgment, 

which has been a usual practice since risk analysis emerged in the early 1990s as a viable 

assessment under the auspices of a joint industry-government task force ... Much of what has been 

done is usual and consistent with industry practices as part of the procedure for obtaining 

P HMSA approval to commission a pipeline. However, tlte Risk Assessment presented does go 

beyond tlte process typically followed for tlte National Environmental Policy Act (NEPA) stage 

oftlze Federal process [emphasis added]" (Battelle 2013). 

5. Kuprewicz (p. 4) and Goodman and Rowan (p. 23, 25, 50, and 52) suggest that 

PHMSA data have significantly changed since the 2009 Keystone XL Risk Assessment due 

to the "recent growth in North America crude oil production, the accompanying increase in 

terrestrial transport of more hazardous non-conventional crudes, as well as the 

unfortunate advent of very large spills." Based on your analysis, has the PHMSA incident 

{01972018.1} 
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database significantly changed such that the findings and conclusions of the 2009 Keystone 

XL Risk Assessment are no longer valid? 

Answer: No. For consistency, the values presented in this testimony are based on 

the same database used for the 2009 Keystone XL Risk Assessment. Nonetheless, the risk 

statistics presented in the 2009 Keystone XL Risk Assessment are highly comparable with 

current PHMSA data. Recent high profile spill events remain extremely uncommon and are not 

representative of the majority of spills. Spill volume data continue to reflect a highly skewed 

distribution, with the spill distribution for very large spills decreasing by one tenth of one percent 

(i.e., spills greater than 10,000 barrels now account for 0.4% of all spills, as compared to 0.5% of 

all spills as reported in 2009 Keystone XL Risk Assessment). 

6. Goodman (p. 23) states "[m]ost of the data is provided by industry, which tends to 

underreport spills, particularly the serious ones, which are of greatest concern." Please 

comment on this assertion. 

Answer: Goodman's assertion that operators do not comply is contrary to federal 

regulations is unsupported by data. Since 2002, pipeline operators are required by federal · 

regulations ( 49 CFR Sections 195.50 and 195.54) to file accident reports for a release of 5 

gallons or more. Failure to report incidents constitutes a noncompliance violation and PHMSA 

can impose fines and other punitive measures. PHMSA regularly audits pipeline operators for 

compliance. Questions regarding compliance with incident reporting are identified on two 

separate auditing forms provided by PHMSA. These forms allow operators to conduct internal 

audits to ensure compliance and provide companies with the minimum documentation that they 

will be required to produce during an audit. 

{01972018.1} 
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7. Kuprewicz (p. 5) suggests that a "true risk assessment" should be conducted using 

"specific pipeline" information. Goodman and Rowan (p. 22, 23, 24, and 25) also suggest 

that a similar site-specific risk assessment using "the elevation profile and other key 

information" be conducted. Can you comment on these suggestions? 

Answer: As described above, the 2009 Keystone XL Risk Assessment was 

prepared as part of the environmental permitting process and evaluated all "specific pipeline" 

information identified by Kuprewicz and Goodman and Rowan. 

8. Can you comment on the appropriateness of the PHMSA database for determining 

risk in areas that are "unique" (e.g., areas of reported high landslide risk as mentioned in 

testimonies of Kuprewicz [p. 2 and 4] and Goodman and Rowan [p. 22])? 

Answer: The PHMSA incident database contains historical incident data for 

approximately 200,000 miles of liquid pipelines. The extent of US liquid pipelines is shown on 

Figure I. These pipelines routinely cross discrete areas of high landslide risk, slope instability, 

soils with high clay content, and other landscape features. Thus, it is reasonable to use the 

PHMSA database to estimate incident frequencies for a pipeline that crosses several states for 

permitting purposes. 

{01972018.1} 
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·Figure!. Pipelines in North America 
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While geological hazards are addressed at a macro-scale in the 2009 Keystone XL Risk 

Assessment, actual routing, design, engineering, and operations incorporate site-specific 

information and analyses to account for terrain, including slope stability issues. 

9. Kuprewicz (p. 6) states, "[l]andslides are most likely to be associated with high 

water/rain events (e.g., flash floods) where rivers and streams will be at higher flow." Can 

you comment on that assertion? 

Answer: While landslides may be associated with high water/rain events, pipeline 

failures caused by flooding are not associated with landslides. Instead, pipeline failures caused 

by flooding are almost always due to the loss of cover caused by either vertical scour or lateral 

stream migration. 

While flooding only causes a small fraction of pipeline failures (0.52%) with a median 

spill volume of97.0 barrels (PHMSA 2008), under federal regulations (49 CFR Section 195), 
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:r' - Keystone's Integrity Management Program is required to monitor and reduce risks from a · 

number of threats, including outside forces due to flooding. 

Pipeline failures at river crossings are highly uncommon and almost always are 

associated with loss of depth of cover. According to the PHMSA Report to US Congress (2012), 

during the 21-year span between 1991 and 2012, only 20 accidents involving water crossings 

occurred. "A depletion of cover, sometimes in the waterway and other times in new channels cut 

by floodwaters, was a factor in 16 accidents. The dynamic and unique nature of rivers and jl.ood 

plains was a factor in each accident. These 16 accidents are 0. 3 percent of all reported 

hazardous liquid accidents and 0.5 percent of the hazardous liquid significant incidents" 

(PHMSA 2012). A "significant release" is defined by PHMSA as a release of 50 barrels or more, 

fire, explosion, injury resulting in hospitalization, fatality, or damages of $50,000 or more of cost 

incurred by operator (PHMSA 2015). PHMSA promulgated 49 CFR Section 195 to establish 

minimum pipeline safety standards for hazardous liquid pipeline systems. Regulations relevant to 

depth of cover are found in two subparts: Construction, and Operation and Maintenance. 

As part of the 59 Special Conditions developed by PHMSA and set forth in Appendix Z 

to the State Department's FSEIS, Keystone has committed to a depth of cover of 48 inches in 

most locations, which exceeds federal regulatory standards. Additionally, as part of the 59 

PHMSA Special Conditions, Keystone is required to maintain that depth of cover for the life of 

the Project. 

10. Kuprewicz (p. 6) states that landslides are the "most likely event that could cause 

rupture" for the Keystone XL pipeline in South Dakota. Goodman and Rowan (p. 28) state 

that the worst case scenario for the Keystone XL pipeline is "a full bore rupture ... caused 

by a breakaway landslide in areas of steep elevation change." Is the risk of 
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·· · /. . landslides/ground movement expected to be a leading cause of pipeline failure along the 

route in South Dakota? 

Answer: No. The relevant historical data indicate that the overall probability of an 

incident related to landslides is very low and unlikely to be the leading cause of pipeline 

incidents for Keystone XL. Earth movement accounts for approximately 0.56% of pipeline 

incidents (PHMSA 2008). This is corroborated by Goodman and Rowan on page 27 of their 

testimony. The majority of earth movement incidents result in relatively small releases, with 

50% resulting in releases of 43.5 barrels or less (PHMSA 2008). 

11. Kuprewicz (p. 2) and Goodman and Rowan (p. 10 and 36) claim that a rupture 

would result in substantial volumes of oil being released along terrain in South Dakota. 

Please comment on the probability of a large volume spill occurring along the route. · 

Answer: Based on the PHMSA dataset, the probability of a 10,000 barrel spill at 

any I-mile segment along the Keystone XL pipeline in South Dakota is equivalent to 1 spill 

every 1.5 million years. The occurrence intervals for a range of spill volumes, including greater 

than 10,000 barrels, are shown in Table 1. 

Table 1 Occurrence Intervals by Spill Volume 

Occurrence Interval (years) by Spill Volume 
Crossin2 Distance All spills 3 bbl 100 bbl 1,000 bbl 10,000 bbl 
1 mile 7,407 14,599 48,662 145,985 1,459,854 

Source: PHMSA 2008. 

Based on the PHMSA pipeline incident database (2002 to 2009), only 3.8% and 3.2% of spills 

affected surface water or groundwater resources, respectively, and most of those water resources 

were not drinking water resources. Only 0.16% of spills actually affect drinking water resources. 

Consequently, the possibility of a spill occurring and affecting drinking water is very remote. 
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.. 12 .... Kuprewicz (p. 2) claims that there would be a "remarkably low amount of released 

oil that will actually be recovered in the event of a spill." Please comment on the fate of 

released crude oil in the environment in the event of a spill. 

Answer: Crude oil released into the environment undergoes weathering (i.e., the 

loss and degradation of petroleum products). Using ADIOS2, an environmental fate model for 

crude oil spills, approximately 20 to 60% of the crude oil evaporates within the first 12 hours 

following a spill. For Western Canadian Select, approximately 20% evaporates in the first 12 

hours, consistent with other heavy conventional crude oils. In addition, according to the PHMSA 

database, approximately 50% of crude oil released is recovered. Therefore, the vast majority of 

crude oil either evaporates or is recovered following an incident. 

13. Goodman and Rowan (p. 28 and 29) claim that "[i]n light the Line 6B spill, there is 

now substantial evidence that dilbit can sink in water making a dilbit spill to water 

significantly more difficult to clean up." Please comment on this assertion. 

Answer: On July 25, 2012, Enbridge's 6B pipeline failed near Marshall, Michigan, 

and released over 20,000 barrels of oil into Talmadge Creek. At the time of the accident, 

Enbridge's 6B pipeline was transporting Cold Lake diluted bitumen. An API of 10 is equivalent 

to water, which means any oil with an API above 10 will float on water while any with an API 

below 10 will sink (Petroleum 2015). Keystone's diluted bitumen has an API gravity of 16. In 

comparison, the API gravities of Western Canadian Select and Bakken crude are 20.6 and 52.9, 

respectively (Crude Monitor 2013, Shafizadeh 2010). Cold Lake's API value is lower than most 

diluted bitumen crude oils but is greater than 10 and, therefore, it was expected to float on the 

water's surface. According to the US Environmental Protection Agency (DOS 2014, USFWS et 
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- / aL-2015)and PHMSA's on-site coordinator (J. Hess, personal communication, January 2013); 

the oil did float initially, as expected. 

It has been suggested that the type of oil contributed to the severity of the spill and its 

impacts. Recent evaluations of diluted bitumen (Battelle 2012, Been 2011, National Academy of 

Sciences [NAS] 2013) found no significant differences in the physical or chemical properties of 

diluted bitumen and other heavy crude oils. Copies of these reports have been attached as 

Exhibits 1 through 3 of my testimony. 

The behavior of the crude oil in the Kalamazoo spill was similar to that expected for 

other heavy crude oils; it was not unique. Extenuating factors (flood conditions and emergency 

response times) allowed time for the crude to weather prior to cleanup. As the oil weathered with 

time (i.e., light end hydrocarbons evaporated), the remaining oil became heavier until the API 

gravity was less than 10 and portions of the oil slick became submerged. This process was 

exacerbated by heavy turbulence caused when the oil passed over an overflow dam and flooding 

that caused sediment, rocks, debris, and water to become incorporated into the crude oil, fonning 

a heavier-than-water emulsion. The resulting submerged oil formed globules that were 

transported downstream. 

References: 

Been, J. 2011. Comparison of the Corrosivity ofDilbit and Conventional Crude. 

Corrosion Engineering, Advanced Materials, Alberta Innovates Technology Futures. 29 

pp. Internet website: http://www.ai-

ees.ca/media/6860/1919 _ corrosivity _of_ dilbit_ vs_ conventional_ crude-nov28-

11_rev1.pdf 
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Crude Monitor. 2013. Western Canadian Select Website accessed 24 Jan 2013. Website: 

http://crudemonitor.ca/crude.php?acr=WCS. 

National Academy of Sciences (NAS). 2013. Special Report 311: Effect of Diluted Bitumen on 

Crude Oil Transmission Pipelines. 110 pp. 

Petroleum. 2015. API Gravity. Internet website: http://www.petroleum.co.uk/api. Accessed on 

May 27, 2015. 

Shafizadeh, A. (2010, June 10). Bakken [Powerpoint slides]. Retrieved from Crude Oil Quality 

Association website: http://www.coga-inc.org/06102010 Shafizadeh.pdf 

US Fish and Wildlife Service (USFWS), Nottawaseppi Huron Band of the Potawatomi Tribe, 

Match-E-Be-Nash-She-Wish Band of the Pottawatomi Indians. 2015. Draft 

Damage Assessment and Restoration Plan/Environmental Assessment for the July 25-26, 

2010 Enbridge Line 6B Oil Discharges near Marshall, ML May 2015. 

14. Following up on Goodman and Rowan's discussion of the Kalamazoo spill (p. 23), 

can you discuss key differences between Enbridge Line 6B and the proposed Keystone XL 

pipeline that affect the risk posed by each pipeline. 

Answer: A major failure comparable to Enbridge's 6B failure at Kalamazoo is 

highly unlikely for the Keystone XL pipeline for the following key reasons: i) the quality of the 

pipe and longitudinal seam welding procedures; ii) corrosion protection systems; iii) the use of 

in-line inspection tools; and iv) other key materials and construction procedures. 

Pipeline manufacturing processes and regulatory standards have evolved and improving 

technologies have resulted in demonstrable improvements in pipeline safety performance. The 

Enbridge Line 6B pipeline was constructed in 1969 when there were different pipe materials and 

manufacturing processes than today. The Keystone XL pipeline will be manufactured with much 
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higher quality and stronger steel that helps reduce the impacts of external forces, such as 

excavation and flooding damage. 

Federal pipeline regulations have evolved over time and pipeline operators are now 

required to manage their pipelines actively to reduce the possibility of incidents. Keystone has 

agreed to implement an additional 59 PHMSA Special Conditions identified in the FSEIS. The 

State Department, in consultation with PHMSA, has determined that incorporation of the 59 

PHMSA Special Conditions "would result in a Project that would have a degree of safety over 

any other typically constructed domestic oil pipeline system under current code and a degree of 

safety along the entire length of the pipeline system similar to that which is required in HCAs, as 

defined in 49 CFR 195.450" (DOS 2014). 

15. Goodman and Rowan (p. 38 and 52) state, "a slow and undiscovered leak is likely to 

be the more serious threat to the Ogallala Aquifer and RST water resources." Kuprewicz 

(p. 7 and 8, respectively) states, "leaks are probably the most likely risk of concern to the 

water wells" and that leaks "could migrate underground possibly delaying discovery." 

Please comment on the subsurface movement of groundwater plumes and the potential 

impacts on these specific groundwater resources. 

Answer: The proposition that a leak could go undetected for a long period of time 

that could release thousands of barrels is not realistic. The independent Battelle review (2013) 

concurred with the conclusions in the 2009 Keystone XL Risk Assessment that a small leak 

going undetected indefinitely is unlikely. Battelle (2013) estimated that crude oil from a small 

"pin hole" leak (28 bbl/day) would theoretically reach the ground surface in no more than a few 

months. 
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Data from actual pipeline spills demonstrate that substantial leaks do not go undetected 

for long periods of time. Further, those spills that are not detected within the first 48 hours 

almost always are small. The data used in the 2009 Risk Assessment indicate that the majority of 

spills are 3 barrels or less, regardless of detection time. These data also indicate that the majority 

of spills are detected within 2 hours, with 99 percent of spills detected within 7 days. Of those 

spills not detected within the first 48 hours, the majority of spills were 15 barrels or less. These 

data demonstrate that the theory of a leak going undetected for months to years resulting in a 

release of tens of thousands of barrels is not reasonable or realistic. 

In the event of a release, crude oil would spread through the interstitial spaces between 

soil particles. Often the oil will remain in the trench where soils are less consolidated compared 

to the adjacent soils as well as move to the soil's surface. Crude oil adheres to soil particles and 

has very limited mobility. If crude oil was not removed from the environment and crude oil came 

into contact with groundwater, soluble constituents could begin to form a groundwater plume. 

Plume formation takes months to years to occur due to the limited subsurface movement of 

petroleum hydrocarbons. Newell and Connor (1998) summarized the results of four nationwide 

studies looking at groundwater plumes from petroleum hydrocarbon contamination. The results 

show that the subsurface movement of petroleum hydrocarbons is very limited, moving 312 feet 

or less in 90 percent of the cases. Additional studies support this plume transport distance. 

Copies of these reports have been attached as Exhibits 4 through 9 of my testimony. 

Petroleum hydrocarbon plumes do not sink within groundwater as observed with 

chlorinated solvent plumes (e.g., trichloroethylene [TCE], perchloroethylene [PCE]); instead, 

they form along the uppermost layer of groundwater. Therefore, contamination of groundwater 

would be limited to the uppermost volume associated with the groundwater surface. Petroleum 
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/ --hydrocarbons are naturally degraded by microbial communities naturally found within soils. As a· 

result, petroleum hydrocarbon plumes would be expected to result in highly localized effects. 

Removal of the source oil and remediation actions would help to further minimize groundwater 

impacts. Kuprewicz reaches the same conclusion (p. 7), specifically stating that impacts to RST 

groundwater wells are not anticipated due to the slow-moving nature of the groundwater plumes. 

16. Goodman and Rowan (p. 32, 37, and 52) also identify groundwater resources 

associated with the Ogallala Aquifer in Tripp County as being a high value resource. How 

is Keystone addressing groundwater vulnerability in this region? 

Answer: The High Plains Aquifer area in southern Tripp County has been identified 

as a hydrological sensitive area, as defined by the Public Utilities Commission's June 2010 

Amended Final Order in Docket HP09-001. Keystone has elected to treat "hydrologically 

sensitive areas" as operator-defined HCAs based on a number of factors, including those 

identified by the Public Utilities Commission Amended Final Order Condition 35. 

17. Kuprewicz (p. 3 and 6) states, "[i]t is my understanding that much of the state gets 

its water from the Missouri River so the impact on the state's overall water supply should 

the pipeline rupture and threaten this resource needs to be properly evaluated." Please 

comment on this as it relates to spill distance to this resource and possible impacts. 

Answer: The Missouri River is not crossed by the Keystone XL pipeline and is 

located at least 82 river miles downstream from the Keystone XL pipeline at the closest point. 

The White River represents the shortest downstream flow path from the pipeline to the Missouri 

River. The 82-mile distance far exceeds the maximum transport distance observed in even 

catastrophic pipeline failures during flood conditions. Three major rivers that are tributaries to 

the Missouri River will be crossed using HDD, thereby reducing the possibility of i) stream scour 
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resulting in pipeline failure and ii) a pipeline release entering the waterbody due to the amount of 

overburden. All water crossings were evaluated using a vertical and horizontal scour analysis 

based on a 100-year flood event and the depth of crossings adjusted accordingly. 

Most historic spill incidents are relatively small, are contained in close proximity to the 

origin of the spill, are cleaned up immediately, and never reach flowing surface water. Most 

spills would not move significant distances downstream and still be detectable. Under 

exceptional circumstances, there have been cases where large volume spills have resulted in 

crude oil being detected miles downstream. Examination of exceptional spill events (e.g., spills 

into the Coffeyville and Kalamazoo rivers) illustrate that contamination typically does not travel 

more than 20 miles downstream, with the maximum observed distance of 30 miles. 

Following a 10,000 barrel release in 2007 from the Coffeyville Refinery in Kansas into the 

Verdigris River, the USEP A found no detectable concentrations of petroleum products 20 miles 

downstream at the closest municipal water intake. USEP A samples reported concentration of 

petroleum hydrocarbons to be below threshold limits at the first sampling point, located 12 

downstream miles of the spill. In 2010, an Enbridge 30-inch pipeline ruptured, spilling 19,500 

barrels of oil into the Kalamazoo River system. While the majority of contamination occurred in 

close proximity to the source, USEP A reports that contamination has been documented in 

localized areas within 30 miles of the spill's origin. I concur with Kuprewicz's conclusion on p. 

3 and reiterated on p. 7 that the risks to the two RST water supply line crossings and the 

Cheyenne River are not significant. 

18. Kuprewicz (p. 6) states, "[t]he steepness of the terrain also indicates that a rupture 

release will result in considerable surface migration, either over the ground surface or via 
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river transport should a rupture release reach a river that crosses the pipeline." Please 

comment on river and overland ground transport distances of diluted bitumen. 

Answer: Refer to my response to Question 17 for case studies regarding 

downstream transport distances following large spills. Maximum overland transport distances 

were calculated using a GIS-based analysis and pipeline product parameters (e.g., transport 

temperature, dynamic viscosity, and 25,000-barrel spill). Overland transport distances for diluted 

bitumen are summarized in Table 2. 

Table 2 Overland Transport Distances 
Slope(%) Miles of Route Transport Distance (feet) 
Herbaceous Land 
0-20 297 35-218 
20-25 13 244 
25-30 3 267 
30-35 1 289 
>35 1 345 
Barren Land 
0-20 297 103-655 
20-25 13 732 
25-30 3 802 
30-35 1 866 
>35 1 1,035 

19. Goodman and Rowan (p. 22 and 24) raise concerns as to whether sufficient attention 

is being given to these sensitive areas in terms of pipeline safety and oil spill response 

planning. Please comment on protection of High Consequence Areas. 

Answer: Keystone's evaluation of potential impacts to HCAs has been quantified in 

a confidential appendix for federal agencies. This preliminary analysis is not required by 

regulation, but assists regulators with understanding the possibility of an incident and its 

potential impacts. The 2009 Keystone XL Risk Assessment is not intended to replace the more 

detailed Engineering Assessment required by federal pipeline safety regulations as identified in 
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.... /· .49CFRSection195.452 and Section·195 Appendix C. That analysis is subject to audit and 

review by PHMSA, which has regulatory authority over interstate pipelines, including the 

Keystone XL pipeline. 

20. Kuprewicz (p. 7) claims that, in his experience, pipeline incidents are often due to a 

failure "to incorporate some degree of challenge or reality check to assure spill risk was 

really low." Please comment on this assertion. 

Answer: Key features of Keystone's operational program, where applicable,. 

include the incorporation of industry best practices and participation in industry conferences and 

forums to exchange ideas and information, as well as involvement with industry research and 

development programs. Keystone had adopted many of the PHMSA Special Conditions into the 

Keystone XL pipeline long before they were mandated by regulators. It has been my personal 

( 
experience that Keystone strives to meet or exceed pipeline safety requirements and often leads 

the industry in adopting more stringent safety requirements. 

The types of errors Kuprewicz refers to can be minimized by independent third-party 

review of Keystone's policies and practices. In addition to the regulator auditing conducted by 

PHMSA, the design basis and risk assessment process were reviewed by independent, third-party 

contractors (Battelle and Exponent) during a two-year review process that was conducted on 

behalf of the DOS to address similar concerns expressed by the USEP A. Battelle concluded that 

the 2009 Keystone XL Risk Assessment was appropriate for the permitting process and that the 

design of the Project meets or exceeds current regulatory requirements. If approved, the 

Keystone XL pipeline will be required to meet more stringent requirements than any other 

pipeline built to date. Thus, the review recommended by Kuprewicz has already been conducted. 
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21. Dr. Davis' testimony (p.l) states that "the proposed Keystone XL pipeline would 

cross the recharge areas of several shallow aquifers in the western part of the State, 

including the Ogallala aquifer and Sand Hills type material, especially in Tripp County." 

Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The Keystone XL 

pipeline crosses a number of formations in western South Dakota that outcrop in hills, stream 

cuts, and along mesas. Many of these formations are covered by shallow soil. In Tripp County, 

the pipeline crosses the Tertiary Ogallala Formation of the High Plains Aquifer system. South of 

the town of Buffalo, in Harding County, the pipeline crosses a section of wind-blown sand 

mapped as Qe (Quaternary eolian). As discussed in the State Department's January 2014 Final 

Supplemental Environmental Impact Statement (FSEIS) for the Keystone XL pipeline project, 

"typical recharge rates to the Ogallala Formation and associated alluvial aquifers rangefi·om 

0. 5 to 5 inches per year along the proposed route, with the highest recharge rates in the areas of 

the aquifer associated with the Sand Hills Unit" (US Department of State [DOS] 2014). The 50-

foot permanent right-of-way for the Keystone XL pipeline will occupy less than 0.1 % of the total 

recharge area associated with the Fox Hills, Hell Creek, and Ogallala formations, as well as areas 

of wind-blown deposits (Qe), within counties crossed by the pipeline. 

22. Dr. Davis' testimony (p. 2) states "the proposed pipeline also would have major 

stream crossings at water courses ... These drainages have associated alluvial aquifers." 

Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The Keystone XL 

pipeline will cross major drainages with alluvial aquifers in South Dakota. Spills at individual 

river crossings are rare with occurrence intervals of no more than once in 22,000 years to 
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-830,000 years based on representative stream crossing distances (Appendix P of the FSEIS; DOS 

2014). Most spills are less than 3 barrels. 

The Keystone XL pipeline is designed with a minimum depth of cover of 5 feet below the 

bottom of waterbodies and that depth is maintained over a distance of 15 feet on each side of the 

waterbody, measured from the ordinary high water mark. Depth of cover is an important factor 

to reduce the threat of outside force damage and stream scour. 

The Project's depth of cover meets or exceeds the federal requirements noted in 49 CFR 

Section 195 .248 of 48 inches for inland bodies of water with a width of at least 100 feet from 

high water mark to high water mark (for normal excavation, 18 inches for rock excavation) and 

PHMSA Special Condition 19 regarding depth of cover. 

23. Dr. Davis' testimony (p. 2) states "in Harding County, the proposed route would 

cross permeable wind-blown deposits shown as Qe on Figure 4. These wind-blown deposits 

of silt and sand recharge from rainfall and snowmelt, they are capable of supplying water 

to shallow wells in the area." Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown sand 

south of Buffalo in Harding County has been mapped by Erickson (1956) and Petsch (195.6). The 

deposits are mostly sand overlying the Cretaceous Hell Creek Formation. Erickson (1956) 

interprets these deposits to be derived from the underlying Hell Creek Formation. Rainfall 

falling on these sand deposits would infiltrate and form a local, temporary water-bearing zone 

near the base of the deposits. Because the deposits are found on bluffs and the underlying Hell 

Creek has a much lower permeability, it is likely that water entering the sand may form 

temporary springs and seeps at the base of the sand deposits, rather than migrating downward 

into the Hell Creek Formation. 
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The Keystone XL pipeline crosses these sand deposits near their eastern edge, where the 

deposits are thin. Examination of well logs for wells within the I-mile buffer zone around the 

pipeline indicates that none of the wells are screened in the wind-blown sands. In the area of the 

pipeline ROW, the wind-blown deposits are thin and not likely to be water-bearing most of the 

year. Based on this, along the ROW in areas of wind-blown deposits, a potential release from the 

pipeline would most likely not encounter permanent groundwater. 

References: 

Erickson, H.D., 1956. GQ 62K-045. Areal geology of the Buffalo quadrangle, scale 

1:62,500 (22 x 17 in. map). 

Petsch, B.C., 1956. GQ 62K-052. Areal geology of the Mouth of Bull Creek quadrangle, s_cale 

1:62,500 (22 x 17 in. map). 

24. Dr. Davis' testimony (p. 3) states "South of the Cheyenne River in Haakon County, 

the proposed route would cross permeable Quaternary terrace gravels (Qt on Figure 6) 

and wind-blown deposits (Qe on Figure 6) ... The terrace gravels and wind-blown deposits 

are permeable and are recharged by precipitation" and in places "are capable of supplying 

water to wells." Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown 

deposits crossed in Haakon County south of the Cheyenne River are relatively thin and not likely 

to form a major aquifer. Wells within 1 mile of the pipeline ROW are not screened in wind

blown material. The Cheyenne River will be crossed employing the HDD method, whereby the 

pipe is installed at a depth of 50 feet below the river bottom, thereby eliminating the potential for 

key threats including excavation damage and outside force associated with potential stream 

scour. 
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- -r·- 25. · Dr. Davis' testimony(p. 3) states "In Jones and Lyman counties, the proposed 

pipeline route would cross permeable wind-blown deposits (Qe on Figure 8) and also would 

cross Quaternary terrace deposits north of the White River (Qt on Figure 8)." The terrace 

deposits have a shallow water table, are recharged by rainfall, and provide water to 

springs. Will the pipeline adversely affect these areas? 

Answer: Adverse impacts to these areas are highly unlikely. The wind-blown 

deposits crossed in Jones and Lyman counties associated with the White River are relatively thin 

and not likely to form a major aquifer. Wells within 1 mile of the pipeline ROW are not screened 

in wind-blown material. The White River will be crossed employing the HDD method, whereby 

the pipe is installed at a depth of 70 feet below the river bottom, thereby eliminating the potential 

for key threats including excavation damage and outside force associated with potential stream 

scour. 

26. Dr. Davis' testimony (p. 3) states "In Tripp County ... the route would cross the 

Ogallala aquifer (To on Figure 9)" and "wind-blown Sand Hills type material (Qe on 

Figure 9) ... The hydrologic situation is similar to the Sand Hills of Nebraska ... and 

therefore deserves consideration for special protection as a high consequence area. As 

noted by Stansbury (2011), areas with shallow groundwater that are overlain by permeable 

soils ... pose risks of special concern because leaks could go undetected for long periods of 

time." Please comment on this assertion. 

Answer: "The High Plains Aquifer area in southern Tripp County" has been 

identified as a hydrologically sensitive area, as defined by the Public Utilities Commission's 

June 2010 Amended Final Order in Docket HP09-001. Keystone has elected to treat 

"hydrologically sensitive areas" as operator-defined HCAs based on a number of factors, 

{01972018.I} 

21 

020632



,,- - including those identified by the Public Utilities Commission Amended Final Order Condition 

35. 

( 

The Keystone XL pipeline in South Dakota was routed to reduce impacts to a number of 

valuable resources, including but not limited to, unconfined aquifers. Keystone has attempted to 

identify vulnerable aquifers through consultation with State agencies and rural water districts, as 

well as through the use of data provided by South Dakota Department of Environment and 

Natural Resources (SD DENR) (http://denr.sd.gov/data.aspx) and published literature. The 

location of unconfined aquifers is documented in the literature on the hydrogeology of South 

Dakota. The SD DENR website provides well logs for wells near the pipeline ROW. It is 

possible that, during construction and through discussion with landowners crossed by the Project, 

Keystone may identify shallow wells located in unconfined aquifers. 

There are multiple leak detection processes that help identify small leaks, as stated in the 

Public Utilities Commission Amended Final Order Finding of Fact 94. While detection of a 

smaller leak may require additional confirmation time, examination of historical incident data 

confirms that small leaks do not remain undetected for long periods of time. PHMSA records 

(200 I through 2009) indicate that the majority of spills are 3 barrels or less, regardless of 

detection time. These data also indicate that the majority of spills are detected within 2 hours, 

with 99 percent of spills detected within 7 days. Of those spills not detected within the first 48 

hours, the majority of spills were 15 barrels or less. These data do not support the contention that 

small leaks remain undetected for long periods of time. 

27. Dr. Davis' testimony (p. 3) states that diluted bitumen is "more corrosive than 

conventional crude oil transported in existing pipelines." Do you agree with this 

statement? 
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Answer: No. A number ofrecent studies have investigated the claim that diluted 

bitumen is more corrosive to pipelines than conventional crude oil, but none found evidence of 

corrosion that is unique to the transportation of diluted bitumen. Although some diluted bitumen 

contains higher concentrations of naphthenic acids than conventional crude oils, these 

compounds are only corrosive at temperatures above 200 degrees Celsius (392 degrees 

Fahrenheit). These temperatures do not occur in pipelines (Been 2011). The Keystone XL 

pipeline will not exceed temperatures of 150 degrees Fahrenheit per PHMSA Special Condition 

15. Other compounds within diluted bitumen that are capable of causing corrosion, including 

water and sediments, occur at very low levels that are consistent with or lower than levels found 

in other crude oils (NAS 2013). Copies of these reports have been attached as Exhibits 2 and 3 of 

my testimony. 

References: 

Been, J. 2011. Comparison of the Corrosivity ofDilbit and Conventional Crude. Corrosion 

Engineering, Advanced Materials, Alberta Innovates Technology Futures. 29 pp. Internet 

website: http://www.ai-

ees.ca/media/6860/1919 _ corrosivity _of_ dilbit_ vs_ conventional_ crude-nov28-

11_rev1. pdf 

National Academy of Sciences (NAS). 2013. Special Report 311: Effect of Diluted Bitumen on 

Crude Oil Transmission Pipelines. 110 pp. 

28. Dr. Davis' testimony (p. 3) states benzene is "known to produce leukemia in 

humans." Please comment on this assertion. 

Answer: While benzene is a known human carcinogen, cancer formation is 

associated with long-term chronic exposure, not the short-term exposure that could occur . 
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7··- following an oil spill. Forinstance, a cohort study of 79 individuals exposed to benzene through 

their work in the Australian petroleum industry found an increased risk of leukemia following 

cumulative exposures above 2 ppm-years (Glass et al. 2003). This is equivalent to being exposed 

to 1 ppm of benzene for 8-hours per day for two working years (500 days). Exposures such as 

these would not be expected to occur following a crude oil spill due to the low persistence of 

b~nzene and preventative actions such as localized evacuations. Further, emergency response 

personnel would evacuate the area if there were concerns for human health effects. A copy of 

this report has been attached as Exhibit 10 of my testimony. 

Reference: 

Glass, Deborah C.; Gray, Christopher N.; Jolley, Damien J.; Gibbons, Carl; Sim, Malcolm R.; 

Fritschi, Lin; Adams, Geoffrey G.; Bisby, John A.; Manuell, Richard. 2003. Leukemia 

Risk Associated with Low-Level Benzene Exposure. Epidemiology. 2003;14: 569-.577. 

29. Dr. Davis's testimony (p. 3 and 4) discusses concerns with benzene being 

"transported downgradient toward receptors, such as public water-supply wells, private 

wells, and springs or seeps" as well as pipeline releases that have occurred in the past that 

have threatened groundwater supplies. How will Keystone address these concerns? 

Answer: With regard to surface water intakes, Keystone's Emergency Response 

Plan would identify downstream public water intakes and associated contact information. In the 

event of a release, Keystone would immediately notify downstream water users so that the 

intakes can be proactively shut down. With regard to groundwater, municipal and residential 

intake users would be notified through the implementation of Keystone's Emergency Response 

Plan. Potential impacts would take months to years to occur. 
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In terms of the potential effects from a release to groundwater, the following points 

demonstrate why a release would not threaten groundwater sources: 

• The subsurface movement of petroleum hydrocarbons is very limited, moving 312 feet or 

less in 90 percent of the cases (Newell and Connor 1998, as presented in Exhibit 4 of my 

testimony). Additional studies support this plume transport distance, as presented in 

Exhibits 4 through 9 of my testimony. 

• A plume of dissolved petroleum hydrocarbons could begin to develop if crude oil reached 

groundwater and was allowed to remain in contact with the groundwater for a period of 

months. 

• The plume would then move in the direction of the groundwater; however, plume 

movement would be slower than for groundwater. 

• The plume would form along the uppermost surface of groundwater; they do not sink 

within groundwater as observed with solvent plumes. As such, contamination of 

groundwater would be limited to the volume associated with the groundwater surface. 

• Petroleum hydrocarbons are degraded by microbial communities naturally found within 

soils, and as a result, only highly localized effects would be expected. 

• Removal of the source oil and remediation actions would help to minimize groundwater 

impacts further. 

Based on the PHMSA pipeline incident database (2002 to 2009), only 3.8% and 3.2% of 

spills affected surface water or groundwater resources; however, only 0.16% of spills actually 

affect drinking water resources. Consequently, the possibility of a spill occurring and affecting 

drinking water is very remote. 
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Data from actual pipeline spills demonstrate that substantial leaks do not go undetected 

for long periods oftime. Further, those spills that are not detected within the first 48 hours are 

typically relatively small. PHMSA records (2001 through 2009) indicate that the majority of 

spills are 3 barrels or less, regardless of detection time. These data also indicate that the majority 

of spills are detected within 2 hours, with 99 percent of spills detected within 7 days. Of those 

spills not detected within the first 48 hours, the majority of spills were 15 barrels or less. In 

summary, large spills do not remain undetected for substantial periods of time. 

Keystone will utilize an integrated leak detection system as stated in the Public Utilities 

Commission Amended Final Order Finding of Fact 94. Keystone also will have an Emergency 

Response Plan (ERP) in place to respond to incidents. The ERP contains comprehensive 

manuals, detailed training plans, equipment requirements, resource plans, and auditing, change 

management and continuous improvement processes. The Integrity Management Program (IMP) 

( 49 CFR Section 195) and ERP will ensure Keystone will operate the pipeline in an 

environmentally responsible manner. 

Reference: 

Newell, C. J. and J. A. Connor. 1998. Characteristics of Dissolved Petroleum Hydrocarbon 

Plumes: Results from Four Studies. American Petroleum Institute Soil I Groundwater 

Technical Task Force. December 1998. 

30. Dr. Davis' testimony (p. 5) restates Stansbury (2011) concerns regarding 

questionable assumptions and calculations by TransCanada of expected frequency of spills. 

Do you agree with that analysis? 

Answer: No. The majority of pipeline infrastructure in North America was 

constructed many decades ago at a time when the materials, coating systems, and ongoing 
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· ,- ··inspection capabilities that will be used for Keystone XL were not available. Studies show the 

benefits of these technologies in reducing pipeline incidents. Approximately two thirds of the 

pipelines in the US were constructed prior to 1970. It is therefore entirely appropriate to use an 

incident frequency for Keystone XL that is derived from pipelines of its class. This is 

corroborated by observations included in the FSEIS, "[i]t is reasonable to conclude that modern 

and larger-diameter pipelines would experience a lower spill rate than older pipelines. Modern 

pipelines have built-in measures to reduce the likelihood of a spill (e.g., modern protective 

coatings, SCADA monitoring) ... with the application of the Special Conditions and various 

studies that indicate more modern pipelines are less likely to leak, it is reasonable to expect a 

sizable reduction in spills when compared to the historic spill recorcf' (DOS 2014). 

31. Dr. Davis' testimony (p. 5) restates the Stansbury (2011) argument that "worst-case 

spill volumes from the proposed Keystone XL pipeline are likely to be significantly larger 

than those estimated by TransCanada." Do you agree with that analysis? 

Answer: No. Stansbury's estimate of worst case discharge was based on incorrect 

assumptions. Keystone has calculated the worst case discharge for the Keystone XL pipeline in 

accordance with 49 CFR Section 194.105. The Stansbury document suggests that, because 

shutdown on another pipeline took longer, that increased time should be used as the shut down 

time assumption for the Keystone XL pipeline. The referenced Enbridge pipeline was 

constructed in 1969, while the Keystone XL pipeline would be constructed to meet or exceed 

current regulatory standards. Stansbury does not take into account that the Keystone XL pipeline 

is instrumented at every mainline valve, which enhances the leak detection system, and that 

Keystone has incorporated API's recommended practices for computational pipeline monitoring 

as well as ASME's Pipeline Personnel Qualification standards per Special Conditions 27 and 30. 
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This makes it unlikely that Keystone operators would experience difficulty detecting a leak. Nor 

does he address industry information sharing or the workings of the regulatory regime, both of 

which serve to make it unlikely that alleged operational errors on one system are repeated on 

another system. For example, TransCanada requires the pipeline be shut down if an operator 

cannot definitively determine the cause of an alarm within a I 0-minute validation period. 

In addition, Stansbury does not take into account the fact that worst case discharge is 

determined using a large leak that would be instantaneously detected by the leak detection 

system resulting in immediate initiation of shutdown procedures. Nonetheless, in determining its 

worst case discharge, Keystone conservatively assumed a I 0-minute leak confirmation period, 

plus 9 minutes for pump shut down, plus a 3-minute valve closure time, for a total of 22 minutes. 

While detection of a smaller leak may require additional confirmation time, the small volumes 

released would not approach worst case discharge amounts. As discussed in my response to 

Question 26, it is incorrect to assume that there could be a small leak that remained undetected 

for an extended period of time, as suggested by the Stansbury document. A copy of this report 

has been attached as Exhibit 11 of my testimony. 

32. Dr. Davis' testimony (p. 5) states concerns regarding transport distance (e.g., up to 

120 miles downstream) of petroleum contaminants if a release were to occur at a major 

water course. What is your response to these concerns? 

Answer: Dr. Davis' testimony does not account for containment and cleanup efforts 

by the operator that limit downstream movement. As discussed in my response to Question 29, 

most spills do not affect water resources. Exceptional spills that occur during flood conditions 

represent the worst case for downstream transport, but these do not support a 120-mile 

downstream transport distance. For example, following a I 0,000 barrel release in 2007 from the 
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Coffeeville Refinery in Kansas into the Verdigris River, the USEP A found no detectable 

concentrations of petroleum products 20 miles downstream at the closest municipal water intake. 

USEP A samples reported concentration of petroleum hydrocarbons to be below threshold limits 

at the first sampling point, located 12 downstream miles of the spill. In 2010, an Enbridge 30-

inch pipeline ruptured, spilling 19 ,500 barrels of oil into the Kalamazoo River system. While the 

majority of contamination occurred in close proximity to the source, USEP A reported that 

contamination had been documented in localized areas within 30 miles of the spill's origin. The 

material downstream was sedimented oil, which lost most of its BTEX compounds through 

weathering and consisted primarily of asphaltenes and other heavy molecular weight petroleum 

hydrocarbons. As a group, these compounds tend to have low environmental toxicity, adhere to 

sediments, have low bioavailability, and do not biomagnify in food chains. The BTEX values at 

( these locations did not exceed EPA human heath exposure thresholds. Sedimented oil was 

removed by dredging due to their environmental persistence. 

As part of its Integrity Management Program and consistent with Federal pipeline safety 

regulations ( 49 CFR Section 195), Keystone has evaluated the downstream transport of a spill to 

identify those pipeline segments with the potential to affect High Consequence Areas. 

Dated this 1-tf day of June, 2015. 

Heidi Tillquist 
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Executive Summary 
This report evaluated the claim made that dilbit is more corrosive than other crudes. This 
evaluation was benchmarked against conventional and/or sour crude, and was based on the 
existing literature on crude and dilbit properties and characteristics, data on pipeline integrity and 
results of engineering assays of pipe that has been transp01ting di I bit, with such outcomes 
supplemented by interviews of industry engineering experts from operators with pipelines 
transp01ting dilbit. 

It was found that the literature on this topic concludes that "the characteristics of dilbit are not 
unique and are comparable to conventional crude oils." The relative measure of similarity 
developed in this project did not indicate that crude oil derived from diluted bitumen is 
significantly more corrosive than any other oil, and that the dilbit oils likely have corrosivities 
close to the heavy sour conventional oils. In addition to this relative outcome, the experience of 
operators transporting dilbit does not indicate it behaves differently from typical crudes. That 
view can be supp01ted with images of the inside of such pipelines, which appear no different 
after many years of service than those shipping conventional crude and data reported to PHMSA 
that no releases from pipelines transporting Canadian crudes and caused by internal corrosion 
occurred from 2002 to early 2011. 

© 2012 Batte lie 
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Similarity of Dilbit Relative to Conventional Crude Oils 

Introduction 
Following a brief discussion of factors that affect internal corrosion independent of the type of 
crude involved, this section evaluates the first of the above-noted claims that di lb it is more 
corrosive as compared to conventional crude oil. This evaluation is based on available data and 
a review of published literature: no laboratory experiments were conducted as part of this 
evaluation. This section draws extensively from one of the most comprehensive yet concise 
reviews of the corrosivity of di I bit as compared to conventional crude oil, which was developed 
by Alberta Innovates Energy and Environmental Solutions.iii! Use is also made of the references 
cited in that rep011, with the related analysis developed as part of this project founded on basic 
corrosion science and electrochemistry. 

Some Generic Factors that Affect Internal Corrosion 
While the focus of this section is to evaluate di I bit relative to other crudes transpo11ed by 
pipeline, for the sake of completeness it is appropriate to briefly note that other factors more 
strongly influence if and where internal corrosion can occur, and its rate. Among some of the 
more important factors are the presence of solids like sand, and the design of the line as it 
influences the flow regime, which depends on the speed of flow and the "dropout" of Iiquid
phase water and its transp011 in the line along with solids. The presence of abrasive solids like 
sand in crude depends on the source of the crude and any prior processing, with sand being found 
in many sources of crude. As such solids are not unique to dilbit, they are not addressed as pai1 
of this comparison. Moreover, existing tariffs include limits on the water and solids content, 
where the combined total is usually limited to 0.5 weight percent. In regard to factors that are 
controlled by pipeline design it is imp011ant to note that pipelines transp011ing products that have 
the potential to cause internal corrosion are designed for turbulent flow, which limits liquid water 
and its dropout from the product stream. Because this and related aspects are design issues, and 
common to transported crudes rather than unique to di I bit, these and other such aspects that are 
not unique to dilbit are not addressed in the comparison that follows. 

Approach to Compare and Contrast Crude Types 
The approach used to compare the corrosivity of di I bit to conventional crude oil was to examine 
the factors that would most affect the corrosivity of oil in pipelines. These factors, based on 
fundamental electrochemical considerations, include oxygen content, water content, effect of 
Microbiologically Influenced Corrosion (MIC), underdeposit corrosion, and temperature. In 
addition to the relative outcomes of this analytical approach, input from operators that transport 
di lb it was assessed to determine an absolute metric of corrosion susceptibility. 

Regarding the analytical assessment, other pipeline oil parameters such as total sulfur, sediment, 
and salt contents were used to derive a relative index of oil similarity. The "average" similarity 
of conventional oil was defined as a value of I .0. Based on a consideration of how the common 
factors varied for dilbit and other oils compared to a conventional crude oil, a similarity index 
was defined as the ratio of the similarity of dilbit to a conventional Canadian heavy sour crude. 
A similarity index greater than 1.0 indicated that the oil was may be more corrosive than 
conventional crude, whereas an index value less than 1.0 indicated that the oil was likely less 

1 Superscript Roman numerals refer to the list ofreferences compiled at the end of this report. 

2 
© 2012 Batte lie 

020651



( 

Final Report 
July 20, 2012 

coITosivethan conventional crude. The properties of the Canadian oils that were used for 
comparison were obtained from the on-line data available from Crude Quality Inc. (CQI)iv and 
Enbridge 2010 Crude Characteristics.v Data from crude oils from Colombia vi and Mexico vii 
were also included. 

Results 
Almost all corrosion processes in metals are electrochemical in nature. When electrochemical 
processes occur, there is only one anodic reaction that occurs on metals, namely 

[1] 

where M stands for a metal and n is the number of valence electrons. In the case of pipeline 
steel, the predominant metal in the steel alloy is iron. For most anodic reactions in steel exposed 
to an aqueous phase at ambient temperature, Eqn. 1 becomes, 

Fe~ Fe +2 + 2e [2] 

For every anodic reaction there must be at least one cathodic reaction, otherwise the corrosion 
process cannot proceed. Corrosion inhibitors are used to interfere with either the anodic or 
cathodic reaction or both in the attempt to minimize the corrosion reaction rate. 

The following paragraphs review the role that water content, oxygen content, temperature, MIC, 
sulfur, underdeposit corrosion, total acid number (TAN), and salt concentration have on the 
interior corrosion of pipelines. 

Water Content 
For corrosion to occur, an electrolyte needs to be present. In oil pipelines, in the presence of 
sludge, the predominant electrolyte is water. While pure water is not a good electrolyte, the 
water in oil pipelines is sufficiently contaminated with dissolved solids and salts that it will serve 
as a good electrolyte. The amount of water that is typically present in any transmission oil 
pipeline will be quite low, as required by the basic sediment and water (BS&W) limitation of0.5 
volume percentiii. Moreover, this value is significantly less than what is considered the critical 
water concentration of greater than 10 percent, viii and water that is present must be the 
continuous phase of any water and oil emulsion. 

The necessary condition for water to participate in the corrosion of the interior steel wall of a 
pipe is that water exists in the oil-in-water (O/W) condition rather than the non-corrosive water
in-oil (W/O) condition ix. The water layer on the surface of the pipe wall will be very thin. 
Unfortunately specific information on water-dropout for the examined crude oils was not 
available. Moreover, the pH of the water phase, which is an impo1tant parameter for determining 
the corrosivity of the water phase to steel, was also not available in the examined data. 

Oxygen and other Gas Content 
Oxygen content plays a major role in the corrosion reaction of steel. In neutral and alkaline pH 
solutions the predominant cathodic reaction involving reduction of oxygen is given by 

02 + 2H20 + 4e ~ 40ff 

Combining the anodic reaction for iron given in Eqn. 2 with the cathodic reaction in Eqn. 3, 
yields, 

Fe +2 + 20ff ~ Fe(OH)2J-

3 
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The reaction product in this case is the relatively insoluble ferrous hydroxide. Ferrous hydroxide 
can also occur from the reaction of ferrous sulfate with hydroxide ions yielding sulfate ions. 

FeS04 +20H- ~Fe(OH)2 +sol- [4b] 

Sulfate i~ns, however, were experimentally found to not have an effect on pitting corrosion rate 
on steel.'x 

In the absence of oxygen, ferrous hydroxide can be further oxidized by the hydrogen ions in 
water to form magnetite (Fe304), which is more stable than many other iron oxides and provides 
a protective coating to the underlying steel surface. 

[5] 

The corrosion of iron can also occur in acid solutions (pH below 7) in the absence of oxygen. 

Other gases such as hydrogen sulfide (sour gas) can directly react with steel to form iron sulfide 
without the presence of oxygen and carbon dioxide (sweet gas) can also play a role in some 
corrosion reactions with pipeline steel. However, these presence or absence of these gases have 
not been rep011ed in the evaluated crude oils and are therefore were not considered. 

Temperature 
It is not clear what the typical operating temperatures of the di lb it pipelines are compared to the 
conventional crude oil pipelines operating temperatures below 180 F are not expected to 
contribute to corrosivity of the oil. In addition, there are several factors that would temper the 
expected increase in corrosion rate as temperature increases. The major mitigating factor is the 
decrease in oxygen solubility in the water phase of the oil with increasing temperature. When 
additional constituents are in the water such as salts, the solubility will decrease further. On the 
other hand, the oxygen solubility increases with pressure. A higher pressure pipeline can have 
higher oxygen solubility in its water phase than a lower pressure pipeline. 

Microbiologically Influenced Corrosion and Underdeposit Corrosion 
MIC is most often associated with the presence of sludge, which plays a dominant role in 
underdeposit corrosion. Bacteria responsible for MIC in pipelines include sulfate reducing 
bacteria (SRB), heterotrophic aerobic bacteria (HAB), and acid producing bacteria (APB). x 
These bacteria are found in a wide variety of oil pipelines including those carrying conventional 
crude oil and dilbit. 

Sulfur Content 
The organic sulfur content of the oils at ambient temperature were found to either have no effect 
or actually decreased the corrosion rate of steel. xi The repo11ed values for sulfur in oil, however, 
are the total sulfur concentrations that include both organic and inorganic forms of sulfur such as 
sulfates and sulfides. The presence of sulfate reducing bacteria can lead to pitting attack of the 
interior pipeline wall. Consequently, the sulfur parameter was included in the similarity index. 

Sediment and Sludge 
While the amount of sediment and sludge present in the oil may or may not be related to the 
amount of underdeposit corrosion, there are several variables associated with these parameters 
that need to be considered. These include the particulate size and distribution of sludge pai1icles, 
the waxiness or oiliness of the deposits, and the velocity and turbulence of the depositsx". The 

4 
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prese11ce of MIC is also associated with sediments. For these reasons, the concentration of 
sediment was included in the similarity index. 

Total Acid Number 
The total acid numbers (TAN) for pipeline oils are associated with the presence of naphthenic 
acids. This parameter is important in determining the crude oils corrosivity at high temperatures 
encountered in crude oil distillation columns in refineries but not at ambient temperatures of 35 F 
to 75 F of oil transport in pipelines. The temperature range where the TAN is impo1tant is from 
430 F to 750 pxiii. Because TAN is "not necessarily reflective of the corrosivity of crude oil,"iii it 
was excluded from the similarity index. 

Salt Concentration 
Chlorides and other halides are usually associated with the corrosive species in most salts but "it 
has been shown that high salinity brines in contact with oil did not affect the corrosion rate."iii 
However, this parameter was included in the similarity index because the ubiquitous nature of 
these constituents in the oils. 

Nickel and Vanadium Content 
The low-concentration presence of these metals in the pipeline oil will not play any role in the 
corrosion of steel pipelines and therefore was not included in the similarity index. 

Pipeline Oil Similarity Index 
There have been several attempts to arrive at a corrosivity index for pipelines with the most 
extensiv~ one being based on a scoring method using points and a parameter weighting 
scheme. xiv However, because the common prope1ties repo1ted for pipeline oil have not been 
shown to be directly related to the interior corrosion of the pipeline steel, a similarity index 
scheme is used in this report that is based solely on published prope1ties of the oil rather than the 
entire pipeline infrastructure and simply uses equal weighting for three oil parameters. These 
parameters include the sulfur content, sediment concentration, and the salt concentration. The 
selection of these parameters does not imply that they are responsible for any corrosion in the 
pipeline but are simply being used as a basis for comparison of one oil to another. The rationale 
for this approach is that if similar prope1ties are found for di I bit oils compared to conventional 
crude that have not exhibited corrosivity, then the dilbit would also be expected to be equally 
non-corrosive. As a basis for comparison, the heavy sour conventional crude oil designated 
Western Canadian Blend (WCB) was chosen. 

The pipeline oil similarity index (POSI) is calculated as follows: 

Sulfur (wt%)+ Sediment (ppmw) +Salt (ptb) 
POS/ = 3.16 294 71.5 

[6] 

where the values in the denominator for each factor is for WCB; the POSI for WCB, therefore 
would be 1.0. 

Table I shows the POSI values calculated for a variety of heavy sour conventional, heavy sour 
dilbit, heavy sour synbit, heavy sour dilsynbit, medium sour, and light sour crude oils. 

5 
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Table 1. List of Crude Oil Types and Their Associated Pipeline Similarity Index Based on 
Eqn. 6. 

Country Crude Type Crude Name Crude Code POSI 

Bow River North CANA 0.82 
Bow River South CANB 0.62 

Heavy Sour-
Fosterton CANC 0.63 
Llovd Blend CANO 1.02 Conventional 
Llovd Kerrobert CANE 0.92 
Smilev-Coleville CANF 0.66 
Western Canadian Blend Control fWCB) 1.00 
Access Western Blend DilbitA 0.69 
Cold Lake DilbitB 0.65 
Peace River Heavv DilbitC 0.81 

Canada Heavy Sour - Dilbit Seal Heavv DilbitD 0.79 
Statoil Cheecham Blend DilbitE 0.64 
Wabasca Heavv Dilbit F 0.70 
Western Canadian Select DilbitG 1.01 

Heavy Sour - Synbit 
Lon!.': Lake Heavv Svnbit A 0.59 
Surmount Heavv Blend Svnbit B 0.53 

Heavv Sour - Dilsvnbit Albian Heavv Svnthetic Dilsvnbit 1.21 
Mi dale CAN Med Sour A 0.89 

Medium Sour Mixed Sour Blend CAN Med Sour B 0.63 
Sour Hi!!h Edmonton CAN Med Sour C 0.55 

Li!!ht Sour Li!!ht Sour Blend Li!.>ht Sour 1.09 
Mexico Heavy Sour Maya Maya 2.60 
Mexico Medium Sour Isthmus Isthmus 0.69 

Colombia Heavy Sour Rubiales Oil Field Rubiales 1.26 

Figures 1 to 4 are bar chaits of the data listed in Table 1. The red horizontal line in the charts at 
a POSI of 1.0 represents the similarity of the control oil, namely, the Western Canadian Blend 
conventional crude. 
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Figure 1. Pipeline oil similarity indices for heavy sour conventional crude oils. 
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Figure 2. Pipeline oil similarity indices for Canadian heavy sour dilbit crude oils. 
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Figure 3. Pipeline oil similarity indices for Canadian heavy sour syn bit and dilsynbit crude 
oils. 
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Figure 4. Pipeline oil similarity indices for medium and light sour crude oils. 
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In Figure I, the POSI of the Mexican heavy sour conventional crude oil is significantly greater 
than the Canadian and Colombian crude oils, and the POSI values of all Canadian heavy sours 
are also less than the Colombian crude oil. Six of the seven heavy sour dilbit crude oils had 
POSI values less than the control and the seventh dilbit crude oil had the same value as the 
control (Figure 2). The POSI for the heavy sour syn bit and dilsynbit crude oils were either 
slightly greater or less than the control (Figure 3). All of the medium sour crude oils had POSI 
values less than the control and the light sour Canadian oil was only slightly greater than the 
control (Figure 4). 

Conclusions and Recommendations 
The selection of a Pipeline Oil Similarity Index (POSI) to compare the similarities of various 
crude oils to one another revealed that the heavy sour dilbit crude oils were either less than or 
had the same similarity than a typical North American heavy sour conventional crude oil. More 
striking was the relatively high POSI value of the selected Mexican heavy sour crude, which was 
greater than any of the other oils randomly chosen for comparison. The key question that is left 
unanswered is what significance are the POSI values in terms of actual pipeline corrosion. 

While choosing a different conventional crude oil as a control will yield different POSI values, 
the general approach is reasonable from a corrosion engineering consideration for calculating the 
relative corrosiveness of pipeline oils. While it is clear that the POSI approach does not indicate 
that crude oil derived by diluted bitumen is more corrosive than any other oil it also shows that 
the dilbit oils in particular likely have corrosivities close to or less than other heavy sour 
conventional oils commonly used in North America. In other words, based on the information 
available, diluted bitumen poses no more of a corrosion risk to pipelines than conventional 
crudes. 

Further insight into similarity follows from absolute metrics of the extent of metal loss due to 
corrosion for pipelines that transport dilbit as well as conventional crudes. Dialog with operators 
clearly indicates operational experience with dilbit shows that it does not behave any differently 
than typical crudes. That dialog is supported by images of the inside of pipelines transpo1iing 
dilbit, which appear no different than shipping conventional crude after many years of service. 
This observation is consistent with literature on this topici, which concludes that "the 
characteristics of di I bit are not unique and are comparable to conventional crude oils." 

Should there be interest in corrosivity as quantified by the POSI approach, it is recommended 
that it be further refined to perhaps introduce additional weighting factors to capture the fact that 
some parameters are anticipated to have a greater affect on pipeline oil's corrosivity than others. 
Such refinement will likely require collection of additional field data specifically relevant to 
similarity of pipeline oil, and possibly also benchmark experiments. 
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Summary and Conclusions 
This rep01t evaluated the claim that dilbit is more corrosive than currently transp01ted crudes. 
This evaluation was made benchmarked against conventional and/or sour crude, and based on the 
existing literature on crude and dilbit properties and characteristics, data on pipeline integrity and 
results of engineering assays of pipe that has been transpotting dilbit, with such outcomes 
supplemented to a limited extent by interviews of industry engineering experts from operators 
with pipelines transporting dilbit. 

Major conclusions at a high-level follow: 

~ Literature on this topic concludes that "the characteristics of dilbit are not unique and 
are comparable to conventional crude oils." 

~ The relative measure of similarity developed in this project did not indicate that one 
oil is significantly more corrosive than any other oil, and that the dilbit oils likely 
have corrosivities close to the heavy sour conventional oils. 

~ In addition to this relative outcome, the experience of operators transporting dilbit 
does not indicate it behaves differently from typical crudes. This view can be 
supp01ted with images of the inside of such pipelines, which appear no different after 
many years of service than those shipping conventional crude. 
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NOTICE 

I. This Report was prepared as an account of work conducted at the Albe1ia 
Innovates Technology Futures ("AITF") on behalf of Alberta Innovates Energy 
and Environment Solutions ("AIEES"). All reasonable effo1is were made to 
ensure that the work conforms to accepted scientific, engineering and 
environmental practices, but AITF makes no other representation and gives no 
other warranty with respect to the reliability, accuracy, validity or fitness of the 
information, analysis and conclusions contained in this Report. Any and all 
implied or statutory warranties of merchantability or fitness for any purpose are 
expressly excluded. AIEES acknowledges that any use or interpretation of the 
information, analysis or conclusions contained in this Report is at its own risk. 
Reference herein to any specified commercial product, process or service by 
trade-name, trademark, manufacturer or otherwise does not constitute or imply an 
endorsement or recommendation by AITF. 

2. Any authorized copy of this Repo1i distributed to a third paiiy shall include an 
acknowledgement that the Report was prepared by AITF and shall give 
appropriate credit to AITF and the authors of the Rep01i. 

3. Copyright AITF 2011. All rights reserved. 
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EXECUTIVE SUMMARY 

Pipeline expansions for the transportation of Canadian crude to refining markets in the 
United States are currently under regulatory review. The transported oil originates 
primarily from the Alberta oil sands and consists of diluted bitumen, also referred to as 
dilbit. Albe1ia Innovates - Technology Futures completed a project for Albe1ta Innovates 
- Energy and Environment Solutions reviewing the current status on the corrosivity of 
dilbit in pipelines as compared to conventional or 'non-oil sands derived' crude oil. 

It has been suggested that dilbit has higher acid, sulfur, and chloride salts concentrations, 
as well as higher concentrations of more abrasive solids. It is furthermore suggested that 
dilbit transmission pipelines operate at higher operating temperatures compared with 
conventional crude, which would make the dilbit more corrosive, thus leading to a higher 
failure rate than observed for pipelines transpmiing conventional crude. This review 
examines these concerns in light of the prope1ties of dilbit in comparison with 
conventional oils. In addition, statistical data are presented to show if the concerns are 
suppo1ted by operating experience. 

Conventional crude and dilbit are subject to quality control measures and regulation. 
Pipeline operators employ further measures during transportation to manage and control 
the quality of delivered crude. Albe1ta crude quality information is available online and 
accessible to the public. The properties of heavy, medium, and light conventional 
Albe1ta crude oils were compared with three dilbit and one dilsynbit crude. 

Whereas two of the four dilbit crudes displayed a slightly higher naphthenic acid and 
sulfur concentration than the conventional Albe1ia heavy crudes, there are conventional 
crudes on the market that have displayed higher values yet. The chloride salt 
concentrations were either comparable or lower than all grades of conventional crude. 
Naphthenic acid, sulfur, and chloride salt concentrations can result in corrosion at 
temperatures greater than 200 C at refineries, where mitigation is addressed through 
upgrading of materials and the use of inhibitors. At the much lower pipeline 
transportation temperatures, the compounds are too stable to be corrosive and some may 
even decrease the corrosion rate. 

The sediment levels of the dilbit crudes were comparable to or lower than the 
conventional crudes, except for a dilsynbit crude, which showed more than double the 
quantity of solids than most other crudes, but was still well below the limit set by 
regulatory agencies and industry. The solids size distribution is unknown as is the role of 
larger size solids in the formation of pipeline deposits. Erosion corrosion was found to be 
improbable and erosion, if present, is expected to be gradual and observed by regular 
mitigation practices. 

The dilbit viscosities are comparable to those of heavy conventional crudes, where the 
viscosity is controlled and adjusted for temperature through the addition of diluent. The 
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resulting dilbit viscosity supports acceptable operating temperatures, which will be 
monitored at and downstream of the pumping stations. 

Adjustment of the Albe11a and U.S. pipeline failure statistics to compare similar crude oil 
pipeline systems on an equivalent basis indicated that the Albe11a systems (with a large 
percentage of di I bit lines) experienced comparable internal corrosion failure rates than the 
U.S. systems (predominantly conventional crude lines). 

Pipeline steel wet by oil does not corrode. The basic sediment and water (BS&W) 
content of crude oil transmission pipelines is limited to 0.5 volume percent. This water is 
primarily present as a stable emulsion, maintaining an oil wet pipe, protected from 
corrosion. Pitting corrosion has been observed underneath sludge deposits. These 
deposits are a mix of sand and clay paiticles, water, and oil products. The corrosivity of 
these sludges varies but seems to be linked to water content, which can exceed 10%, and 
large bacterial populations. The sludge deposition mechanism and the contributions of 
each of its components to its corrosivity are not clear. Sludge deposition and similar 
underdeposit corrosion is not unique to dilbit lines and also has been observed in 
pipelines transporting conventional crudes. 

This review has indicated that the characteristics of dilbit are not unique and are 
comparable to conventional crude oils. Additional work is recommended in areas of 
sludge formation, deposition, and underdeposit corrosion. It is further recommended to 
expand the current crude oil prope1ty database to include downstream qualities, as well as 
information on H2S concentration, asphaltene and water content, and viscosity. Finally, it 
is recommended that better statistics be made publicly available with separate 
information on dilbit and conventional crude oil pipelines as well as for upstream 
gathering lines and transmission pipelines. 
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1.0 INTRODUCTION 

TransCanada Pipeline's (TCPL's) $13 billion Keystone pipeline system will provide a secure 
and growing supply of Canadian crude oil to the largest refining markets in the Unites States. 
The second Phase of this project has been completed in February 2011, enabling the transport 
of 591,000 barrels of oil per day from Hardesty, Alberta to Cushing, Oklahoma, and Patoka, 
Illinois. Phases III and IV will increase the pipeline's capacity to 1.3 million barrels of oil 
per day to major refineries in the Houston area. These latter two phases are under regulatory 
review. The transported oil primarily originates from the oil sands. Crude or bitumen 
obtained from the oil sands is too viscous to transport by pipeline and needs to be diluted 
with diluent, hence the name 'dilbit.' In the context of this repot1, conventional oil refers to 
'non-oil sands derived' crude oil. 

The same month that TCPL completed Phase II of the Keystone pipeline system, a repott was 
issued by a group of environmental action groups on Tar Sands Pipeline Safety Risks [1]. 
The report contains many damaging statements to the use of dilbit, most notably that "diluted 
bitumen is more corrosive than conventional or crude products and is more likely to result in 
pipeline failures," and that "Albe1ta pipelines have had a higher failure rate than similar U.S. 
pipelines due to leaks caused by internal corrosion from transpo1tation of diluted bitumen 
(dilbit)." The ERCB responded within hours of the release of the report and twice on the 
same day with news releases responding to 'falsehood' of the repott's statements [2]. 

Environmental groups opposed to the pipelines continue to find material to fuel their 
concerns: the more than 800,000 gallons of oil spilled into the Kalamazoo River in Michigan 
last year came from the Cold Lake oil sands region, and the Exxon Mobil spill of 42,000 
barrels of oil in the Yellowstone River may have contained dilbit. Protestors against the 
Keystone pipeline are gathering in demonstrations across No1th America leading to mass 
arrests and drawing widespread attention. 

The arguments of these environmental groups don't go unheard with congressmen and other 
government officials, who have iterated reported statements and concerns [3]. The United 
States Department of States (DOS) has spent the last three years in review with the industry, 
scientific community, and other interest paities (including numerous public meetings), 
evaluating the purpose and need for the Project (pipeline), alternatives, and the associated 
potential environmental impacts. The result was issued on August 26, 2011 in a Final 
Environmental Impact Statement (FEIS), a comprehensive, detailed volume of work that is 
available to the public [4]. Public hearings were held and online comments were accepted. 

The US Depaitment of Transportation's (DOT) Pipeline and Hazardous Materials Safety 
Administration (PHMSA) administers the national regulatory program to ensure the safe 
transpo1tation of hazardous materials by pipeline. In February 2011, PHMSA issued 57 
Project-specific Special Conditions above and beyond the requirements of the pipeline code 
for the Keystone pipeline [Appendix U, 4]. In a news release on August 26, TCPL stated that 
they are pleased with the FEIS, which reaffirmed the environmental integrity of the project 
and concluded that oil sands derived crude oil does not have unique characteristics that would 
suggest the potential of higher corrosion rates during pipeline transpo1tation. The company 
noted that incorporation of the 57 Special Conditions would result in a pipeline with a greater 
degree of safety than typical domestic pipelines. 
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Despite the review completed by the US DOS, there still exists confusion with regard to the 
corrosivity of dilbit versus that of conventional oil. The 57 Special Conditions are not 
sufficient according to the environmental groups opposed to the pipelines. Alberta Energy 
Minister Ron Liepert considers it a challenge of combating emotion with facts, and assures 
that the facts could be obtained without too much difficulty [5]. Concerns continue to surface 
in the media [6] and in the face of few factual studies and a strong confidence in the ERCB 
tracking statistics that dilbit is not more corrosive than conventional oil, corrosivity claims 
continue to be used as fuel by certain environmental groups. The current work will review 
the current status of information and concerns regarding the corrosivity of dilbit in pipeline 
transp01tation as compared to conventional crude oil. The focus of this work will be on 
transmission or transportation pipelines that transport oil over large distances to delivery 
points such as refineries and are subject to tariff quality specifications that include a 
limitation on the total amount of allowable sediment and water of 0.5 percent by volume. 
The Keystone pipeline is such a pipeline. 

2.0 OBJECTIVES 

To provide a confidential report including: 
• Summary of the current concerns 
• Status review on the corrosivity of dilbit in pipeline transportation as compared to 

conventional oil and 
• Description and analysis of the current scientific information, assessing the validity 

of the concerns, identifying significant gaps, and recommending follow-up studies. 

3.0 CURRENT CONCERNS 

The Natural Resources Defense Council [1] has done an excellent job in summarizing the 
concerns presented by interest groups regarding the corrosivity of dilbit as compared to 
conventional crude oil and many of the same concerns have been expressed in other 
conversations and publications. The following is a summary of claims with regard to dilbit 
corrosivity [1] and include a few corrosion concerns from comments to the FEIS [4]. 

It has been suggested that dilbit may be more corrosive to pipeline systems than conventional 
crude and the following claims have been made: 

Claim #1: Dilbit contains fifteen to twenty times higher corrosive acid concentrations 
than conventional crude oil [1]. 

Claim #2: Dilbit contains five to ten times as much sulfur as conventional crudes; the 
additional sulfur can lead to the weakening or embrittlement of pipelines 
[1]. 

Claim #3: Di I bit has a high concentration of chloride salts, which can lead to chloride 
stress corrosion cracking in high temperature pipelines [1]. 

Claim #4: Oil sands crude contains higher quantities of abrasive quartz sand particles 
than conventional crude, which can erode the pipelines [1]. 
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Claim #5: It has been suggested that dilbit could be up to seventy times more viscous 
than conventional crude oil. It has been claimed that the increase in 
viscosity creates higher temperatures as a result of friction [ 1]. 

Claim #6: The Alberta pipeline system has had approximately sixteen times as many 
spills due to internal corrosion than the U.S. system, indicating that the 
dilbit is much more corrosive than the conventional oil that is primarily 
flowing through U.S. lines [1]. 

Claim #7: An increased risk of internal corrosion may be related to the sediment 
composition of dilbits and specific sediment characteristics, including 
particle hardness and size distribution [4]. 

Claim #8: A combination of chemical corrosion and physical abrasion can 
dramatically increase the rate of pipeline deterioration [1 ]. 

Claim #9: As a result of the high viscosity of dilbit, pipelines operate at temperatures 
up to 158 F, whereas conventional crude pipelines generally run at ambient 
temperatures. The high temperature would significantly increase the 
corrosion rate which doubles with every 20 degree Fahrenheit increase in 
temperature [ 1]. 

Claim # 10: Dilbit pipelines may be subject to a higher incidence of external stress 
corrosion cracking [4]. 

These claims will be examined in light of the properties of dilbit in comparison with 
conventional oils. In addition, statistical data are presented to show if the concerns are 
supported by operating experience. 

4.0 QUALITY CONTROL OF DILBIT PROPERTIES 

Any discussion on the different risks and hazards of the transportation of dilbit versus that of 
conventional crude should start with a consideration of the differences in properties of the 
oils that enter the transmission pipeline system and how these properties are controlled and 
managed by the industry using regulatory and industrial quality assurance guidelines. 

The Canadian Association of Petroleum Producers (CAPP) has established a crude oil 
committee to work with regulated segments of the industry such as transportation, storage, 
and market access. Crude oil quality subcommittees address specific crude quality issues and 
issues inherent in refining and shipping these crudes. Priorities that are addressed on an 
ongoing basis include [14]: 

• management of oil quality issues to ensure maximum value amid growing crude oil 
types and blends, specifically, 

o condensate quality specifications and quality recommendations 
o new crude approvals process 
o quality test method improvements 

One significant effort pertains to the definition of quality specifications of the condensate 
stream managed by Enbridge, also referred to as CR W [7]. This condensate stream consists 
of field condensates, ultra-light sweet crudes, and refinery and upgrader naptha streams from 
several supply sources. Historically, this condensate commodity was sold to downstream 
refiners. Currently, its main use is as diluent for Canadian heavy crude. Dilbit uses typically 
-25% of condensate, where companies use their own supply sources of light hydrocarbons or 
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purchase CRW. Establishment ofa CRW criteria document provides a guideline for new 
streams that are proposed to be blended with the CRW stream and ensures that the CRW pool 
characteristics remain acceptable for the use as diluent. Quality specifications include 
minimum and/or maximum levels, a referee test method and test frequency, as well as 
comments on enforcement measures to be taken [8]. 

Crude Quality Inc. (CQI) is a private company in Edmonton with a mandate "to produce, 
provide, and manage crude quality information that increases the productivity of our 
customers and the petroleum industry" [9]. CQI's crude quality measurement and 
management system is supported by Canadian producer associations, Albe1ta/Canadian and 
US government depaitments, including the Energy Resources Conservation Board (ERCB), 
and Canadian and US technical organizations. CQI maintains a website with available data 
for most western Canadian crude oils, including conventional crudes as well as dilbit and 
other nonconventional grades and blends [ 1 O]. The site was established to enhance 
communication of data on the quality and quality issues of western Canadian crudes. Figure 
1 summarizes some of the data in a series of graphs (see also Table 1). These are the 
properties of the crude oils entering the transmission pipeline system to be delivered to the 
refineries, after the addition of diluent in case of the dilbits. Enbridge has additional crude oil 
characteristics on their website [11 ]. Petroleum quality specifications of crude permitted in 
the pipeline system is further defined in National Energy Board (NEB) and Federal Energy 
Regulatory Commission (FERC) regulatory documents outlined in pipeline Tariffs (e.g. [12], 
[13], and [14]). 

The above illustrates that conventional crude or dilbit is not transp01ted indiscriminately 
without quality control measures and regulation. Work is ongoing continuously to improve 
overall quality control and product quality, primarily considering the effects on refining of 
the product. 

The majority of pipelines are used for batches of different categories of crude. The pipeline 
operators are responsible for managing and controlling the quality of delivered crude and a 
number of measures are applied, including [15, 16]: 

1. The use of turbulent flow, which minimizes the mixing area between batches. In 
laminar flow, the flow velocity near the pipe wall is much smaller than the velocity in 
the center of the pipe, which results in a relatively large mixing zone when one crude 
is followed by a different crude. The flow velocity is more even throughout the pipe 
cross-section in the case of turbulent flow, decreasing the subsequent mixing zone 
between different crudes. 

2. The establishment of a crude ranking order, which serves as a guideline when 
changing crudes (e.g. a Medium Crude may be followed by a Medium Sour Crude, 
but not by a Heavy Crude). 

3. The use of buffers at the front and the back of the batch to prevent mixing with the 
preceding batch or the following batch when the crude contains components that are 
undesirable by the refineries. In some instances, interface pigs can be used, but some 
contamination can occur at the pump and pig trap locations. 

4. Maximization of batch size will minimize contamination from the mixing zones. 
5. Minimization of stait/stop operations. 
6. Minimization of contamination in tanks from receipt to delivery 
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Although the operator will make an effort to deliver the same type of crude as received, the 
operator is not obligated to deliver the identical crude [12, 13, 14]. Changes in density, 
specification, quality and characteristics as a result of the transportation in the pipeline 
system are acknowledged. Unfortunately, crude quality information of the received oil 
product is not currently readily available. CQI is currently working with industry partners on 
the development of a downstream quality database for direct comparison with the upstream 
qualities with the goal to provide financial incentives for consistency and rateability [9]. The 
transparency offered by the information of crude oil quality databases on both the shipped 
and delivered product will be of tremendous assistance in communications between industry 
and the public. 

Table 1 Crude Designation Used in Figure l 

Type of Crude and 
Crude Designation Used in 

Figure 1 

Bow River North Heavy Sour A 

Bow River South Heavy Sour B 

Lloyd Blend Heavy Sour C 

Fosterton Heavy Sour D 

Lloyd Kerrobert Heavy Sour E 

Mi dale Medium Sour A 

Mixed Sour Blend Medium Sour B 

Sour High Edmonton Medium Sour C 

Sour Light Edmonton Light Sour A 

Light Sour Blend Light Sour B 

Mixed Sweet Blend 
Light Sweet A 

Crude 

Access Western Blend DilbitA 

Cold Lake Dilbit B 

Seal Heavy Dilbit c 
Albian Heavy Synthetic 

DilsynbitA 
Crude 
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.... ----· 5.0 DILBIT AND CONVENTIONAL CRUDE OIL PROPERTIES 

With quality control measures in place, the prope1ties of crudes entering the pipeline will be 
within defined boundaries. Yet, differences can be observed across the different crudes as 
well as within each crude category. Figure 1 displays data obtained from the Crude Monitor 
[1 O], where the plotted data are averages over periods of approximately five years. Error bars 
indicate the standard deviation. Data is presented for five different conventional heavy sour 
crudes, three conventional medium sour crudes, two conventional light sour crudes, one 
conventional light sweet crude, three dilbit crudes and one dilsynbit crude. Whereas dilbit 
can also refer to heavy conventional crudes that have been diluted with diluent or diluted 
crudes obtained by other means e.g. enhanced oil recovery, the dilbits in Figure I refer to oil 
sands crudes, where dilbit A is obtained from steam assisted gravity drainage (SAGO) 
processes and dilbits B and C from cyclic steam stimulation (CSS). Oil sands crude obtained 
from mining operations were either upgraded or blended with other crudes. For this reason, 
dilsynbit A has been added, which originates from mining operations, but is partially 
upgraded. 

5.1 Naphthenic acids 

Claim #1: Dilbit contains fifteen to twenty times higher corrosive acid concentrations 
than conventional crude oil [1]. 

Under refinery conditions and temperatures, naphthenic acids compounds can be corrosive. 
Naphthenic acids are a group of organic acids measured in terms of a total acid number 
(TAN), which is obtained by titration of the oil with KOH. TAN numbers have, therefore the 
units of mg KOH/g. Crude oils with TAN values greater than 0.5 are generally considered 
corrosive. However, recent work has indicated that not all naphthenic acids are equally 
corrosive and the acid groups attached to large hydrocarbon molecules found in heavy crudes 
and dilbits are more stable and less corrosive [19, 20, 21, 22]. Consequently, the TAN 
number is not necessarily reflective of the corrosivity of crude at elevated temperatures. 

Figure la indicates a higher TAN for dilbits A and C, whereas dilbit B and dilsynbit A are 
comparable to the conventional heavy sour crudes. Research is continuing into the effects of 
these parameters at refineries, where upgrading of materials and the use of inhibitors can be 
used to mitigate any increase in corrosivity [19]. However, the acids are too stable to be 
corrosive under transmission pipeline temperatures. On the contrary, long chain organic 
acids have been found to decrease the corrosion rate at room temperature [23]. Fmthermore, 
a number of Californian crudes have TAN numbers up to 3.2, and these crudes have been 
produced and transpo1ted by pipeline throughout California for many years [24]. 

5.2 Sulphur content 

Claim #2: Dilbit contains five to ten times as much sulfur as conventional crudes; the 
additional sulfur can lead to the weakening or embrittlement of pipelines 
[1]. 

Under refinery conditions and temperatures, organic sulphur compounds can be corrosive. A 
wide variety of sulphur compounds are present in crude oil, which, when heated, will be 
released as corrosive hydrogen sulphide. The release of hydrogen sulphide again depends on 
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the stability of the organic sulphur compound, and high temperatures between 220 and 40(fC 
are required. With a wide variety of sulphur compounds and stabilities, the sulphur content 
of crude is also not a good measure of the corrosivity of crude at refinery conditions [22]. 

Similar to the TAN numbers, Figure 1 a indicates a higher sulphur concentration for di I bits A 
and C, whereas dilbit B and dilsynbit A are comparable to the conventional heavy sour 
crudes. Under transmission pipeline temperatures, organic sulphur compounds are too stable 
to be corrosive. At room temperature, sulphur containing compounds were found to have no 
effect or resulted in a decrease in the corrosion rate [23]. 

The sulphur content does not correlate to the hydrogen sulfide content, which is not typically 
reported. As an example, two Mexican crudes with sulfur contents of 3.4% and 0.9% 
contained 100 ppm and 116 ppm ofH2S, respectively [4]. Small concentrations of H2S may 
be present in sour as well as sweet crudes. Concentrations could vary from a few ppm to 
over a hundred ppm. The CR W diluent is limited to 20 ppm of H2S [8]. Although the H2S 
concentrations in dilbits are not available, there is no indication that these levels would be 
higher than in conventional crudes [ 4]. If available hydrogen sulfide could separate from the 
oil into an aqueous phase in the pipeline, the corrosivity of the water could increase. This 
would be valid for all oil systems and not specific to dilbit lines. 

5.3 Chlorides 

Claim #3: Dilbit has a high concentration of chloride salts, which can lead to chloride 
stress corrosion cracking in high temperature pipelines [1]. 

Figure 1 b illustrates the levels of chloride salts for the crudes; light sour crude A and light 
sweet crude A did not have any data. The highest chloride salt concentration was observed 
for the conventional light sour B crude, with the dilbits displaying some of the lowest salt 
concentrations. Chloride salts can lead to the formation of strong hydrochloric acid in the 
presence of steam at upgrading and processing temperatures greater than 150 C, which can 
result in serious corrosion problems [26]. These conditions are not encountered in 
transmission pipelines. In fact, it has been shown that high salinity brines in contact with oils 
did not affect the corrosion rate [25]. Chloride stress corrosion cracking can be an issue in 
stainless steel equipment, but is not a mechanism encountered in carbon steel transmission 
pipelines [53]. 

5.4 Sediments 

Claim #4: Oil sands crude contains higher quantities of abrasive quartz sand particles 
than conventional crude, which can erode the pipelines [1]. 

Figure 1 b illustrates the levels of sediments for the crudes; light sour crude A and light sweet 
crude A did not have any data. The sediment content in Figure 1 b is far below the limit of 
0.5 volume percent (water + sediment) specified in the pipeline tariffs [12, 13, 14]. The 
sediment levels of the dilbit crudes were comparable to or lower than the conventional 
crudes, except for the dilsynbit crude with an oil sands mining origin, which showed more 
than double the quantity of solids than most other crudes. However, at ~800 ppmw (-0.027 
volume percent), it is still well below the limit set by regulatory agencies and industry. 
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5.5 API gravity and viscosity 

Claim #5: It has been suggested that dilbit could be up to seventy times more viscous 
than conventional crude oil. It has been claimed that the increase in 
viscosity creates higher temperatures as a result of friction [1]. 

The API gravity is a measure of how 'heavy' the crude is; heavy crudes have low degrees of 
API gravity (I 0-25) and light crudes have high degrees of API gravity (30-40). The formula 
for API gravity is defined by: 

API gravity (in degrees)= ( 141.5/SG) - 131.5 Equation 1 

where SG =specific gravity at 15.6 C 

Based on the density of water, any oil with an API value greater than I 0 degrees at~ 15.6 C is 
lighter than water. Figure le illustrates that the dilbit crudes have similar degrees of API and 
viscosities to the conventional heavy sour crudes. All of the crudes are well above the 
minimum of 19 degrees API gravity; only dilsynbit A has an average value below 20 at 19.5 
degrees API gravity. Also, the viscosities are well below the limited receipt viscosity of 350 
cSt specified by the crude petroleum tariffs [12, 13, 14]. The lower the viscosity, the easier 
the oil flows, where water has a viscosity of one cSt at 20 C. The viscosity is very sensitive 
to temperature and will increase at colder temperatures. To compensate for fluctuations in 
viscosity as a result of varying seasonal temperatures, the amount of diluent added to the 
crude will be adjusted to control the viscosity to the desired level. Figure ld [17], shows how 
the API gravity is related to the viscosity at 50 C, representing gravities and viscosities of 
conventional heavy crudes. Based on the data from Figures le and ld, the dilbit viscosities 
are not different from the conventional oil viscosities as a function of degrees API gravity. 

Figure 1 c shows that viscosities of the dilbit are comparable to those of conventional heavy 
crudes, but are significantly lower for the conventional medium and low sour crudes, which 
means that these crudes are easier to pump. Consequently, they require less pumping energy 
and/or the pumping capacity can be increased. The requirement for higher pumping energy 
to maintain a certain throughput of more viscous oil can translate into an increase in 
temperature at the pump station. Downstream of the pump station, the pipeline temperature 
decreases as a result of heat loss to the environment [18]. The maximum allowable 
temperature on the proposed Keystone line has been set at 70 C with a normal operating 
temperature of 49 C. Temperatures must be measured at the pump and at a downstream 
location to ensure compliance ([48], Appendix U). The dilbit crude quality and viscosity that 
are accepted for transportation supp01i operating temperatures within an acceptable range. 

5.6 Other properties for consideration 

The following properties are imp01iant for downstream processing of the crude and further 
illustrate where differences can be expected between dilbit and conventional crude. These 
prope1iies have not been linked to pipeline transmission corrosion. 
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5.6.1 Heavy metals: nickel and vanadium 

Crude oil analyses often include the nickel and vanadium content, since these metals have 
detrimental effects on catalysts used in refinery cracking and desulphurization processes. 
Figure le shows that the vanadium levels are markedly higher for the dilbit crudes as 
compared to the conventional crudes. The nickel levels are more comparable with the 
conventional heavy sour crude levels. These metals have not been linked to corrosive 
processes in oil transmission pipelines [25]. 

5.6.2 Total C4s and C5s 

The C4s and C5s in Figure 1 f represent the lighter fractions of the crude. The higher 
fractions of C5s in Dilbits A and B are likely largely originating from the added diluent. 

5.6.3 Total MCR 

The Micro Carbon Residue (MCR) content in Figure lf is a measure of the crude oil tendency 
to form coke, where crudes with a high MCR are more expensive to refine. The MCR 
content increases with the content of large high carbon molecules and can, therefore, be 
considered a measure of the heavy fraction of the crude [17, 27]. The MCR content of the 
dilbits are only slightly higher than that of the conventional heavy sour crudes. The 
asphaltenes content was not reported in the Crude Monitor database [1 O]. 

The above illustrates that the dilbit properties as displayed in Figure 1 are not significantly 
different from the conventional heavy crude oils for pipeline transportation. However, 
internal pipeline corrosion has occurred in some dilbit lines whereas others have enjoyed a 
long trouble free existence [28]. Our understanding of some of the parameters and their 
interactions are discussed in the following sections. 

6.0 INTERNAL PIPELINE CORROSION IN WATER-WET CONDITIONS 

Steel wet by oil does not corrode. Consequently, for corrosion to occur, separation of a water 
phase from the oil is required. Unlike transmission pipelines, gathering oil pipelines can 
contain significant quantities of water when transpmiing oil from wells to nearby treatment 
facilities and internal corrosion is observed when the pipe is water-wet. The corrosion 
generally consists of localized pitting. The corrosivity of the water phase depends on the 
water chemistry, which is also dependent on the oil chemistry. Water soluble inhibitive or 
corrosive components may separate from the oil into the water phase, either inhibiting 
corrosion or increasing the water corrosivity [23, 25]. Work by Papavinasam et al. has 
considered pipeline characteristics, and operating conditions in the development of an 
internal pitting corrosion model using laboratory and field measurements [29, 30]. The 
model addresses water-wet conditions with no corrosion occurring in oil-wet conditions. 
Parameters that increased the pitting corrosion rate included flow turbulence, temperature, 
and chlorides. The pitting corrosion: was decreased by protective scale formation (sulfide or 
carbonate scales) [31]. The model was validated using data obtained from seven operating 
pipelines [29]. A comprehensive review of other predictive models of internal pipeline 
corrosion is provided from a corrosion science perspective [32], electrochemical perspective 
[33], and using a corrosion engineering approach [34]. 
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7.0 INTERNAL CORROSION OF DILBIT TRANSMISSION PIPELINES 

Claim #6: The Alberta pipeline system has had approximately sixteen times as many 
spills due to internal corrosion than the U.S. system, indicating that the 
dilbit is much more corrosive than the conventional oil that is primarily 
flowing through U.S. lines [1]. 

The ERCB responded to the above statement that the comparison is not valid since the ERCB 
statistics includes a much broader array of pipelines [2]. For example, the US Code of 
Federal Regulations does not include all gathering lines in their hazardous liquids 
classification [35], whereas a large percentage of all Albe1ta lines are upstream gathering 
lines. Gathering lines are generally more prone to failure since they contain more water and 
can contain corrosive carbon dioxide and hydrogen sulfide gases. Fmthermore, the ERCB 
requires operators to repo1t any pipeline incident that results in a loss of pipeline product, 
whereas the US data is based on incidents with a release of 5 gallons or more. In response to 
the above concern, PHMSA and the ERCB adjusted the statistics to comparable crude oil 
systems, where the oil sands derived crude oil consisted of a much larger percentage in 
Alberta than in the entire U.S. [4]. The criteria used to produce the Albe1ta statistics are quite 
open and based on pipe diameter, where, as a rule, larger diameter pipelines (12" dia. and up) 
transport oil over longer distances and are oil-wet [54]. Table 2 is reproduced from the FEIS, 
page 3.13-38 [4]. The data shows that the internal corrosion rates in Albe1ta and in the U.S. 
are comparable, which indicates that there is no evidence that dilbit would be more corrosive 
than conventional crudes. 

The publicly available ERCB data do not separate the statistics for dilbit and conventional 
crude pipelines or for upstream gathering lines and long distance transmission pipelines. 
Whereas the ERCB licenses pipelines for the use of crude oil, they may not be aware of what 
type of crude is shipped through the lines, which is further complicated by the fact that lines 
can transport dilbit and conventional crude at different points in time. It is recommended that 
better statistics be provided as an improved presentation of the integrity of the Albe1ta 
pipeline system and to facilitate continuous monitoring of the performance of dilbit pipelines. 
The required information for these statistics may need to come from the operators and could 
be managed by the ERCB or other company organizations such as CAPP or the Canadian 
Energy Pipeline Association (CEPA). CEPA represents Canada's transmission pipeline 
companies; its members transport 97% of Canada's daily production of crude oil and natural 
gas. 

The remainder of this chapter considers how a corrosive situation can occur in crude oil 
pipelines and considers the role of dilbit and conventional crude oil properties. 
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Table 2 Crude Oil Pipeline Failures U.S. and Albe1ia (2002-2010) [4] 

Incident/Failure Case Failures/Year 
Failures per 1,000 Pipeline 

Miles per Year 

U.S. Crude Oil Pipeline Incident History3 

Corrosion - External 9.8 0.19 

Corrosion - Internal 22.1 0.42 

All Failures 89.3 1.70 

Alberta Crude Oil Pipeline Incident Historyb 

Corrosion - External 2.3 0.21 

Corrosion - Internal 3.6 0.32 

All Failures 22.0 1.97 

"PHMSA includes spill incidents greater than 5 gallons. U.S. has 52,475 miles of crude oil pipelines in 2008. 
b Alberta Energy and Utility Board Report. Alberta has 11, 187 miles of crude oil pipelines in 2006. 

7 .1 Presence of Water 

The internal corrosion models referred to in the previous chapter have been developed for a 
wide range of operating pipelines varying from upstream to transmission, for both oil and gas 
lines, as well as multi-phase pipelines with high cuts of water. The current review is aimed 
primarily at transmission pipelines, which will have a limitation on the basic sediment and 
water (BS&W) content entering the pipe of 0.5 volume percent [12, 13,14]. The presence of a 
small quantity of water is inevitable, since complete removal of emulsified water is not 
possible with the current techniques such as desalting and naphtha-froth treatment. A survey 
performed in 1997 of Western Canadian oil producers indicated an average BS&W of 0.35%, 
with solids up to 60% of the BS&W [36]. At that time, some American pipeline companies 
shipped crude containing as much as 3% water, but did not experience a great increase in the 
corrosion rate. A typical BS& W of the CR W diluent is as low as 0.003 vol% [8]. The 
critical water content that will lead to water-wet conditions during transportation can vary 
widely depending on chemistry and operating conditions, but is generally much greater than 
10 percent [30]. Consequently, less than 0.5% of water is usually not a corrosion concern 
unless conditions exist that enable the precipitation and accumulation of this water on the 
pipe wall. The following paragraphs discuss some of the crude oil components that could 
promote the accumulation of water and the formation of a corrosive environment. The 
discussion does not consider entry of water through batch upsets or water remaining in the 
system after hydrostatic testing. These are operational issues and not unique to the 
transported crude. 

7.2 Asphaltenes 

Asphaltenes are found in heavy crude oil and consist of positively charged complex large 
multi-ring hydrocarbon systems. They are in effect a solubility class, i.e. a fraction of the 
crude oil that is not soluble in paraffinic solvents, which are chained non-polar hydrocarbons 
[37, 38]. They are known to aggregate in solutions in a micro-emulsion, where an asphaltene 
core is surrounded by resins (with fewer hydro-carbon rings), which are surrounded by 
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smaller hydro-carbon ring molecules, which in turn are dissolved in the non-polar solvent. 
This micro-emulsion structure allows the asphaltenes to dissolve in the crude oil [39]. When 
this micro-emulsion structure is disrupted through, for example, the addition of a paraffinic 
solvent that removes the protective resin layer, the asphaltenes will become insoluble and 
precipitate out. 

Depending on the characteristics of the diluent, its addition to bitumen could result in the 
formation of unstable asphaltene micro-emulsions that could deposit during pipeline 
transpo1tation [37, 40]. The asphaltene content of typical oil sand bitumens is 15-17 wt% and 
is paitly responsible for the high viscosity. Complete removal of the asphaltenes does not 
reduce the viscosity to the required 350 cSt, but partial removal of the asphaltenes reduces the 
diluent requirement significantly. The additional benefit is that asphaltene precipitation is 
much less likely to occur [37]. 

The quality specifications of the CRW pool are primarily directed towards the downstream 
properties of the crude for refinery purposes, which affects the economic value of the crude. 
The Crude Monitor database contains 5-year averages of the CR W hydrocarbon composition, 
which indicates that -80% consists of paraffinic solvents of eight carbons or less [10]. The 
remaining 20%, however, may contain the required prope1ties to provide suitable 
compatibility with the mixed heavy crude oil. The Canadian Crude Quality Technical 
Association (CCQT A) is considering the compatibility of blending crude oils and diluent [52] 
in an effo1t to ensure that the product can be processed and refined. Calculator tools are 
provided on the Crude Monitor website [l O]. Whereas asphaltene deposition can occur in 
response to incompatible blends in pipelines, the role of asphaltenes in pipeline sludge 
formation is unclear. 

7.3 Emulsified water droplets 

The solubility of water in oil is very small and of the order of 50 - 100 ppm [41]. The 
remainder of the water is primarily present as an emulsion, where the pipeline surface 
remains protected from corrosion by the continuous oil phase. These water droplets are very 
small and typically less than 10 microns in diameter [42, 43]. They carry chlorides and solids 
and can result in corrosion when the emulsion breaks up on the pipe wall, wetting the carbon 
steel surface. The stability of water-in-oil emulsions is a function of the oil chemistry, the 
water chemistry, and operating conditions. 

One of the major players in stabilizing water in oil emulsions is asphaltene, forming an 
interfacial layer together with smaller surface active molecules and submicron mineral solids 
that is several tens of nanometers thick [ 44]. Ultrafine submicron clay paiticles are thought 
to be just as impo1tant in the stabilization of the water droplets, behaving similar to the 
asphaltenes [45, 46]. The formed skin is strong enough to resist coalescence of the droplets 
when they touch each other. These small micro-emulsions are too light to settle out in 
turbulent flow of crude oil and are expected to travel harmlessly through the pipeline. 
However, if bitumen is mixed with paraffinic solvents resulting in the precipitation of 
asphaltenes, these polar asphaltene floes could bind to water droplets and clay pa1ticles 
forming much larger 100 to 1000 micron clusters that could settle out during transportation 
[43]. 
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7.4 Pipeline sedimerlfand sludge formation 

Claim #7: An increased risk of internal corrosion may be related to the sediment 
composition of dilbits and specific sediment characteristics, including 
particle hardness and size distribution [4]. 

Figure 1 b did not indicate a much higher content of sediments for the dilbit crudes compared 
to the conventional crudes, except for dilsynbit A. The data, however, only indicates the total 
amount of sediments and does not provide information on the size distribution. It is unknown 
how the solids in the conventional crudes compare to those in dilbits. 

Analyses of pipeline deposits obtained from pigging operations have indicated the presence 
of larger solids to over 400 microns [47]. Most of the solids, however, were fine particles 
less than 44 microns in diameter (see Figure 2a), where the larger and fine particles consist 
primarily of silica sand and iron compounds. The larger sand particles were uniformly coated 
with very fine clays surrounded by a film of water in oil (see Figure 2b) [47]. Under low 
flow conditions, these particles are heavy enough to precipitate out with the water, oil 
products, and possibly asphaltenes, forming a sludge deposit. Sludge deposits are mixtures 
of hydrocarbons, sand, clays, corrosion by-products, biomass, salts, and water. 

One might expect deposition of sludge to occur at the lowest spots. However, Enbridge 
observed underdeposit corrosion in their dilbit lines near over-bends, which are locations of 
low fluid shear stress (low fluid flow pressure) [47]. Little is known about the sludge 
deposition mechanism and it is not known if sludge formation would occur in the presence of 
only fines. 

7.5 Underdeposit corrosion 

The water layer on deposited sand particles in a pipeline sludge can subsequently join to form 
a water layer on the pipeline steel [47]. The water will contain chloride salts as well as 
bacteria, which now form a corrosive mix. The sludge chemistry can vary widely, where 
some sludges have a large percentage of waxy oil and exhibit low or no corrosion. Other 
sludges can contain more than 10% water and large bacterial populations, which can 
contribute to underdeposit pitting corrosion [48]. Figure 3 shows extensive pitting of a 
sludge covered test coupon, whereas a bare coupon showed no corrosion after both were 
exposed to dilbit for a month. No significant corrosion has been measured in a wide variety 
of different dilbit crudes in the absence of sludge, where the measured corrosion rate 
generally was within the standard deviation of the measurement technique. 
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Figure 2 

(a) 

Figure 3 

(a) (b) 

Micrograph of (a) washed sludge solids and (b) a large solid (from [47]) 

(b) (c) 

Corrosion coupons exposed to dilbit for 4 weeks, where (a) was left bare and (b) was 
covered with (c) sludge 

The pipeline sludges used for analysis and testing are obtained from pigging runs and are 
considered averages over the length of the pipe and the time between pigging runs. The 
actual sludge chemistry may vary within a stratified sludge deposit or between different 
locations or with time as a function of transported crude. Questions remain regarding the 
controlling corrosion parameters and little is known with regard to the sludge deposition 
mechanism and the role of the dilbit chemistry. Whereas underdeposit corrosion has been 
observed on transmission pipelines transporting dilbit, there are also dilbit pipelines that have 
operated trouble-free for 25 years [28]. 

Underdeposit corrosion, however, is not unique to dilbit lines. Earlier this year, BP shut 
down their Trans-Alaska pipeline, which transports oil from their Prudhoe field. Previous 
leaks in 2006 resulted in the shutdown of 57 oil wells in Alaska [49]. Corrosion was 
attributed to the deposition of sludge, the presence of carbon dioxide, and, what was 
considered to be the biggest threat, the presence of bacterial populations resulting in 
microbiologically influenced corrosion (MIC) [50]. It is not known what the solid content or 
solid size distribution was in this line, but the conditions obviously favoured sludge 
deposition. 
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7.6 ~ Erosfon and E'.rosfon Corrosion 

Claim #8: A combination of chemical corrosion and physical abrasion can 
dramatically increase the rate of pipeline deterioration [1]. 

Erosion by sediment particles would occur by impact. Since corrosion can only occur in the 
presence of a water phase, which most likely requires sludge formation in dilbit pipelines, a 
combination of erosion and corrosion is improbable. No information could be found on dilbit 
pipeline erosion in the scientific literature or from field experience. Erosion in a uniform 
smooth pipeline generally displays itself as even wear as opposed to the localized pitting 
corrosion observed underneath sludge deposits. If present, effects are generally more gradual 
and should not be a concern due to the fact that regular mitigation strategies such as 
intelligent pigging and monitoring technologies will catch this wall loss. 

8.0 TEMPERATURE EFFECTS 

8.1 The effect of temperature on the internal corrosion rate 

Claim #9: As a result of the high viscosity of dilbit, pipelines operate at temperatures 
up to 158 F, whereas conventional crude pipelines generally run at ambient 
temperatures. The high temperature would significantly increase the 
corrosion rate which doubles with every 20 degree Fahrenheit increase in 
temperature [1]. 

An increase in the temperature can increase the rate of corrosion if the corrosion mechanism 
is controlled by kinetics or diffusion. There are, however, many other factors that affect the 
rate of corrosion such as scale formation, limiting concentration of reactants, or chemical 
reactions. Especially in a complex aqueous environment, possibly with dissolved organics, 
acid gases, oxygen, sub-micron clay particles, etc., the corrosion rate can either increase or 
decrease as a function of temperature. The concentration of oxygen or carbon dioxide is 
generally not known and, if present, may change along the length of the pipeline. The most 
likely internal corrosion mechanism in dilbit pipelines consists of underdeposit corrosion as a 
result of sludge formation. As discussed in the preceding section, microbiologically induced 
corrosion could play a dominant role in the corrosion process. Complex populations 
containing multiple types of bacteria are known to be present and support each other's 
viability such as sulfate reducing bacteria (SRB), heterotrophic aerobic bacteria (HAB), and 
acid producing bacteria (APB) [48]. These bacteria are most active between 10 C and 40 C. 
Consequently, higher temperatures up to 70 C may reduce the corrosion rate underneath 
sludge deposits, if the mechanism is controlled by microbial action. 

Little is known about the controlling factors of corrosion underneath sludge deposits and it is 
recommended that research continue to improve our understanding of sludge formation, the 
resulting corrosion mechanism, the role of dilbit chemistry and solids, mitigation practices 
and frequencies, and preventive measures. Enbridge has been quite successful in mitigating 
underdeposit corrosion through a pigging and inhibition program. However, there are still 
many unce1tainties regarding the effectiveness of each and the required frequency [ 4 7]. 
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8.2 The effect of temperature on external stress corrosion cracking 

Claim #10: Dilbit pipelines may be subject to a higher incidence of external stress 
corrosion cracking [4]. 

In the field, the pipeline is protected by coatings and cathodic protection. Increased 
temperatures may result in coating disbandment, which would expose the bare pipe to the soil 
environment, which can be corrosive containing water, dissolved oxygen and carbon dioxide. 
Together with fluctuating pipeline operating stresses, this has resulted in stress corrosion 
cracking (or fatigue cracking) of pipelines covered with tape or asphalt coatings. These 
coatings can behave as shielding coatings, preventing the secondary protection of applied 
cathodic current. The Keystone pipeline is coated with Fusion Bonded Epoxy (FBE), which 
is considered permeable to the cathodic protection current. Temperatures up to 60 C have 
indicated a higher rate and extent of coating disbandment, but it has also been shown that, in 
the presence of cathodic protection, the pipe will remain protected, and blistering and coating 
disbandment does not present an integrity threat to a pipeline [51]. No stress corrosion 
cracking failures have been rep01ted for FBE coatings in over 40 years of experience. 

9.0 SUMMARY 

Pipeline expansions for the transportation of Canadian crude to refining markets in the United 
States are currently under regulatory review. The transported oil originates primarily from 
the Alberta oil sands and consists of diluted bitumen, also referred to as dilbit. Albe1ta 
Innovates - Technology Futures completed a project for Albe1ta Innovates - Energy and 
Environment Solutions reviewing the current status on the corrosivity of di I bit in pipelines as 
compared to conventional or 'non-oil sands derived' crude oil. 

It has been suggested that dilbit has higher acid, sulfur, and chloride salts concentrations, as 
well as higher concentrations of more abrasive solids. It is furthermore suggested that dilbit 
transmission pipelines operate at higher operating temperatures compared with conventional 
crude, which would make the dilbit more corrosive, thus leading to a higher failure rate than 
observed for pipelines transporting conventional crude. This review examines these concerns 
in light of the prope1ties of di I bit in comparison with conventional oils. In addition, statistical 
data are presented to show if the concerns are supp01ted by operating experience. 

Conventional crude and dilbit are subject to quality control measures and regulation. Pipeline 
operators employ further measures during transpo1tation to manage and control the quality of 
delivered crude. Albe1ta crude quality information is available online and accessible to the 
public. The properties of heavy, medium, and light conventional Alberta crude oils were 
compared with three dilbit and one dilsynbit crude. 

Whereas two of the four dilbit crudes displayed a slightly higher naphthenic acid and sulfur 
concentration than the conventional Alberta heavy crudes, there are conventional crudes on 
the market that have displayed higher values yet. The chloride salt concentrations were either 
comparable or lower than all grades of conventional crude. Naphthenic acid, sulfur, and 
chloride salt concentrations can result in corrosion at temperatures greater than 200 C at 
refineries, where mitigation is addressed through upgrading of materials and the use of 
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inhibitors. At the much lower pipeline transportation temperatures, the compounds are too 
stable to be corrosive and some may even decrease the corrosion rate. 

The sediment levels of the dilbit crudes were comparable to or lower than the conventional 
crudes, except for a dilsynbit crude, which showed more than double the quantity of solids 
than most other crudes, but was still well below the limit set by regulatory agencies and 
industry. The solids size distribution is unknown as is the role of larger size solids in the 
formation of pipeline deposits. Erosion corrosion was found to be improbable and erosion, if 
present, is expected to be gradual and observed by regular mitigation practices. 

The dilbit viscosities are comparable to those of heavy conventional crudes, where the 
viscosity is controlled and adjusted for temperature through the addition of diluent. The 
resulting dilbit viscosity supports acceptable operating temperatures, which will be monitored 
at and downstream of the pumping stations. 

Adjustment of the Alberta and U.S. pipeline failure statistics to compare similar crude oil 
pipeline systems on an equivalent basis indicated that the Albe1ia systems (with a large 
percentage of dilbit lines) experienced comparable internal corrosion failure rates than the 
U.S. systems (predominantly conventional crude lines). 

Pipeline steel wet by oil does not corrode. The basic sediment and water (BS&W) content of 
crude oil transmission pipelines is limited to 0.5 volume percent. This water is primarily 
present as a stable emulsion, maintaining an oil wet pipe, protected from corrosion. Pitting 
corrosion has been observed underneath sludge deposits. These deposits are a mix of sand 
and clay paiiicles, water, and oil products. The corrosivity of these sludges varies but seems 
to be linked to water content, which can exceed 10%, and large bacterial populations. The 
sludge deposition mechanism and the contributions of each of its components to its 
corrosivity are not clear. Sludge deposition and similar underdeposit corrosion is not unique 
to dilbit lines and also has been observed in pipelines transpo1iing conventional crudes. 

This review has indicated that the characteristics of dilbit are not unique and are comparable 
to conventional crude oils. 

10.0 RECOMMENDATIONS 

The following recommendations are provided based on the completed review. It has to be 
understood that this was a high-level review and a focused, peer-reviewed study has not been 
conducted. The scope of the work did not include interviews with industry, regulators, or 
colleagues. 

I. CQI is currently working with industry partners on the development of a downstream 
quality database for direct comparison with the upstream qualities with the goal to 
provide financial incentives for consistency and rateability. The data provided on 
upstream qualities has been instrumental in the evaluation of differences between 
dilbit oils and conventional crude oils. The transparency offered by the information 
of crude oil quality databases on both the shipped and delivered product will be of 
tremendous assistance in communications between industry and the public. It will 
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also be a valuable resource for the evaluation of sludge deposition and underdeposit 
corrosion during transportation. It is recommended that this effort be supported. 

2. To further increase the value of the above database, it is recommended that the 
following information be added: 

a. H2S concentration 
b. Asphaltene content 
c. Water content 
d. Viscosity (currently available from [11]) 
e. Sediments' identity and size distribution, if possible 

3. The compatibility between diluent and bitumen should be investigated further with 
regard to sludge formation and deposition, and the role of asphaltenes. It is 
recommended that current efforts by CCQTA on crude oil compatibility be supported 
and expanded to link the crude oil chemistry to pipeline sludge formation and sludge 
corrosivity, including the ability of the sludge to support microbial populations. 

4. The underdeposit corrosion mechanism should be studied further with regard to the 
effect of dilbit chemistry, sludge deposition mechanism, microbial activity, 
temperature, and effectiveness of mitigation tools (chemicals and cleaning pigs). 
Current work by Enbridge as well as by the industry working group PiCoM (Pipeline 
Corrosion Management) is addressing these issues through long-term testing and 
correlating sludge corrosivity with a chemical and microbial geochemical 
characterization of the sludge. The work is fmther considering and optimizing 
monitoring technologies to enable measurement of the effectiveness of mitigation 
treatments. It is recommended that this effort will continue to be suppmted. 

5. The publicly available ERCB data does not separate the statistics for dilbit and 
conventional crude pipelines or for upstream gathering lines and transmission 
pipelines. It is recommended that better statistics be provided as an improved 
presentation of the integrity of the Alberta pipeline system and to facilitate continuous 
monitoring of the performance of dilbit pipelines. The required information for these 
statistics may need to come from the operators and could be managed by the ERCB or 
other company organizations such as CAPP or the Canadian Energy Pipeline 
Association (CEPA). 
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Preface 

T his National Research Council (NRC) study was sponsored by the Pipeline and Hazardous 
Materials Safety Administration (PHMSA) of the U.S. Department of Transportation. 1 The 

study charge and origins are explained in Chapter I. The contents and findings of the repo1i 
represent the consensus effmi of a committee of technical experts, who served uncompensated in 
the public interest. Drawn from multiple disciplines, the members brought expertise from 
chemistry and chemical engineering; corrosion and materials science; risk analysis; and pipeline 
operations, research, and safety regulation. Committee member biographical information is 
provided at the end of the report. 

The study committee convened five times over 10 months, including a visit by several 
members to a pipeline terminal and energy research laboratory in the Edmonton and Fmi 
McMurray areas of Albe1ia, Canada. Data-gathering activities during and between meetings 
were extensive. All but the final meeting contained sessions open to the public. During meetings, 
the committee heard from speakers from the oil and pipeline industries, environmental interest 
groups, research and standards organizations, oil testing companies, and government agencies 
from the United States and Canada. The committee also provided a forum for private individuals 
to contribute information relevant to the study. In sum, more than 40 people spoke before the 
committee during public meetings and site visits. To obtain additional information on the 
practice of transporting diluted bitumen by pipeline, the committee provided the Canadian 
Energy Pipeline Association with a questionnaire for distribution to pipeline operators with 
experience transpmiing diluted bitumen and other crude oils in North America. The 
questionnaire responses and agendas for the public meetings are provided in appendices to this 
report. 
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Executive Summary 

Legislation enacted in January 2012 called on the Secretary of Transportation to determine 
whether any increase in the risk of a release exists for pipelines transporting diluted 

bitumen. 1 Bitumen is a dense and viscous form of petroleum that will flow in unheated pipelines 
only when it is diluted with lighter oils. The source of the diluted bitumen in North America is 
the oil sands region of Alberta, Canada. Diluted bitumen has been impo1ted from Canada for 
more than 30 years and is currently transmitted through numerous pipelines in the United States. 
As imports of this and other Canadian crude oils have grown, new U.S. pipelines have been 
constructed, the flow directions of several existing pipelines have been reversed, and additional 
pipeline capacity is planned. 

Determination of the risk of a pipeline release requires an assessment of both the 
likelihood and the consequences of a release. To inform its review of the former, the U.S. 
Department ofTranspo1tation asked the National Research Council to convene an expert 
committee to study whether shipments of diluted bitumen differ sufficiently from shipments of 
other crude oils in such a way as to increase the likelihood of releases from transmission 
pipelines. A finding of increased likelihood would lead the committee to conduct a follow-up 
review of the adequacy of federal pipeline safety regulations. In the absence of such a finding, 
the committee was tasked with issuing this final report, which documents the study approach and 
results. 

STUDY APPROACH 

The committee analyzed information in a variety of forms. Early in its deliberations, the 
committee provided a public forum for individuals to contribute information relevant to the 
study. The committee reviewed pipeline incident statistics and investigations; examined data on 
the chemical and physical prope1ties of shipments of diluted bitumen and other crude oils; 
reviewed the technical literature; consulted expe1ts in pipeline corrosion, cracking, and other 
causes of releases; and queried pipeline operators about their experience in transporting diluted 
bitumen. 

The review of incident data revealed the ways in which transmission pipelines fail. Some 
failures can be affected by the prope1ties of the transpo1ted crude oil, such as its water and 
sediment content, viscosity and density, and chemical composition. These prope1ties were 
examined for diluted bitumen and a range of other crude oils to determine whether pipelines 
transpmting diluted bitumen are more likely to experience releases. In addition, the committee 
considered whether pipeline operations and maintenance (O&M) practices, including internal 
and external corrosion control capabilities, are subject to changes that inadve1tently increase the 
likelihood of release when pipelines transport diluted bitumen. 

1 
Public Law 112-90, enacted January 3, 2012. 
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RESULTS 

Central Findings 

The committee does not find any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does not find evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines ji-om corrosion or erosion. Diluted 
bitumen has density and viscosity ranges that are comparable with those of other crude oils. It is 
moved through pipelines in a manner similar to other crude oils with respect to flow rate, 
pressure, and operating temperature. The amount and size of solid particles in diluted bitumen 
are within the range of other crude oils and do not create an increased propensity for deposition 
or erosion. Shipments of diluted bitumen do not contain higher concentrations of water, 
sediment, dissolved gases, or other agents that cause or exacerbate internal corrosion, including 
microbiologically influenced corrosion. The organic acids in diluted bitumen are not corrosive to 
steel at pipeline operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelines Ji-om external corrosion and cracking or .fi'om 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or bring about more fluctuation in pressure. There is no evidence that 
operating temperatures and pressures are higher or more likely to fluctuate when pipelines 
transport diluted bitumen than when they transpmt other crude oils of similar density and 
viscosity. Furthermore, the transportation of diluted bitumen does not differ from that of other 
crude oils in ways that can lead to conditions that cause mechanical damage to pipelines. 

Pipeline O&M practices are the same for shipments of diluted bitumen as for shipments 
of other crude oils. O&M practices are designed to accommodate the range of crude oils in 
transportation. The study did not find evidence indicating that pipeline operators change or 
would be expected to change their O&M practices in transpo1ting diluted bitumen. 

In accordance with the study charge, these results focus on whether pipeline shipments of 
diluted bitumen have a likelihood of release greater than that of other crude oils. As indicated at 
the outset of this summary, the committee was not asked or constituted to study whether pipeline 
releases of diluted bitumen and other crude oils differ in consequences or to determine whether 
such a study is warranted. Accordingly, the report does not address these questions and should 
not be construed as having answered them. 
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Introduction 

This chapter describes the study charge and scope, analytic approach, and report structure. 

STUDY CHARGE 

Section 16 of the Pipeline Safety, Regulatory Ce1iainty, and Job Creation Act of2011 calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen."1 

Bitumen is a dense and viscous form of petroleum that will flow through unheated 
pipelines only when it is diluted with lighter oils. At present, the source of bitumen supplied to 
refineries in North America is the oil sands region of Albe1ia, Canada. Bitumen from Canada has 
been diluted for pipeline transportation to the United States for more than 30 years, primarily to 
refineries located along the Great Lakes and elsewhere in the Midwest. Bitumen production and 
imp01is from Canada have grown during the past decade, and this traditional U.S. oil-processing 
market no longer has the capacity to refine all of the supply. Meanwhile, refineries on the Gulf 
Coast, which have traditionally processed South American and Mexican crude oils with 
properties similar to bitumen, have sought access to the heavy crude oils from Canada. To 
accommodate the Canadian imports as well as the growth in domestic crude oil production, the 
flow directions of several existing pipelines have been reversed, new transmission pipelines have 
been constructed, and additional pipeline capacity is planned. 

Within the U.S. Depaiiment ofTranspo1iation (USDOT), the regulation of pipeline safety 
resides with the Pipeline and Hazardous Materials Safety Administration (PHMSA). USDOT has 
thus delegated to PHMSA the responsibility of determining whether pipelines transporting 
diluted bitumen have an increased risk of release. A determination of risk requires an assessment 
of both the likelihood and the consequences of a release. To inform its assessment of the former, 
PHMSA contracted with the National Research Council (NRC) to conduct the study documented 
in this rep01t. Specifically, PHMSA asked NRC to convene a committee of experts in pipeline 
operations; risk analysis; safety regulation; and chemical, materials, and corrosion engineering to 
"analyze whether transportation of diluted bitumen by transmission pipeline has an increased 
likelihood ofrelease compared with pipeline transportation of other crude oils." PHMSA did not 
ask NRC to study the consequences of potential pipeline releases of diluted bitumen. 

The full statement of task (SOT) for the study is contained in Box 1-1. The SOT calls for 
a two-phase study, with the conduct of the second phase contingent on the outcome of the first. 
In the first phase, the study committee is asked to examine whether shipments of diluted bitumen 
can affect transmission pipelines and their operations so as to increase the likelihood of release 

1 
Public Law 112-90, enacted January 3, 2012. 
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Box 1-1 

Statement of Task 

The committee will analyze whether transportation of diluted bitumen (dilbit) by 
transmission pipeline has an increased likelihood of release compared with pipeline 
transpo11ation of other crude oils. Should the committee conclude that an increased 
likelihood ofrelease exists, it will review the federal hazardous liquid pipeline facility 
regulations to determine whether they are sufficient to mitigate the increased likelihood 
of release. 

In the first phase of the project, the committee will examine whether dilbit can affect 
transmission pipelines and their operations so as to create an increased likelihood of 
release when compared with other crude oils transported through pipelines. Should the 
committee conclude there is no increased likelihood of release or find there is insufficient 
information to reach such a conclusion, a second phase of the project will not be required 
and the committee will prepare a final repo11 to the Office of Pipeline Safety (OPS) of the 
Pipeline and Hazardous Materials Safety Administration (PHMSA). This report may 
include recommendations for improving information to assess the likelihood of failure. 

Should the committee conclude there is an increased likelihood of release on the basis 
of dilbit's effects on transmission pipelines and their operations, it will issue a brief Phase 
1 report of its findings and then proceed to the second phase of the project to determine 
whether hazardous liquids pipeline regulations are sufficient to mitigate the increased 
likelihood of release. The committee's final repo11 following completion of this second 
phase will contain the complete set of findings, conclusions, and recommendations of 
both project phases. 

when compared with shipments of other crude oils transpo11ed by pipeline. In the potential 
second phase-to be unde11aken only in case of a finding of increased likelihood-the 
committee is asked to review federal pipeline safety regulations to determine whether they are 
sufficient to mitigate an increased likelihood of release from diluted bitumen. If the committee 
does not find an increased likelihood of release or the information available is insufficient for a 
finding, the committee is expected to prepare a final repo11 documenting the study approach and 
results. 

STUDY SCOPE 

The SOT makes reference to several terms that delineate the study scope and require explication. 
First, the SOT specifically requests an examination of "transmission" pipeline facilities. The 
pipelines in these facilities contain large-capacity pipe, usually 20 inches or more in diameter, 
and generally transport fluids over long distances under relatively high pressure (400 to 1,400 
pounds per square inch). Transmission facilities also contain storage tanks, pumping equipment, 
and piping within terminals. Gathering pipelines used for collecting crude oil from production 
fields do not transport diluted bitumen in the United States and are not part of this study. 
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As used in the SOT, the term "diluted bitumen" does not define a single product 
composition or specific set of product or shipment prope1ties. Blending bitumen with lighter oils 
to lower viscosity is the common method of transporting this form of petroleum by pipeline. The 
volume of bitumen in a pipeline shipment will vary with the diluent, as will the chemical and 
physical properties of the shipment. The Canadian diluted bitumen transported in transmission 
pipelines to the United States generally contains 50 to 75 percent bitumen by volume, with light 
oils constituting the remainder. These bitumen blends are the subject of this study. It is 
recognized that the source and composition of bitumen shipments may change depending on 
technological advances, diluent supplies, refinery demands, and other technical and economic 
developments. 

Finally, the SOT asks the committee to examine whether pipelines transporting diluted 
bitumen have a higher likelihood ofrelease than pipelines transp01ting "other crude oils." 
Accordingly, the aim of this study is to determine whether shipments of diluted bitumen have a 
release history or specific prope1ties associated with pipeline failures that lie outside the range of 
experience and properties represented by the full spectrum of crude oils transported by pipeline 
in the United States. 

ANALYTIC APPROACH 

An assessment of release likelihood requires information on the potential sources of pipeline 
failure. PHMSA mandates the rep01ting ofreleases from U.S. transmission pipelines and 
categorizes each according to its immediate, or proximate, cause. Historically, about one-third of 
repo1ted releases have involved corrosion damage (Figure 1-1 ). Other causes include outside 
force damage, such as an excavator striking a buried pipe, and faulty equipment, operator error, 
and deficiencies in welds and materials used in pipeline manufacturing and installation. 

The committee reviewed U.S. and Canadian data on rep01ted pipeline releases. The 
review provided insight into the main causes of releases, but the incident statistics alone could 
not be used to determine whether pipelines are more likely to experience releases when they 
transport diluted bitumen than when they transp01t other crude oils. Few incident records contain 
information on the type of crude oil released in an incident or document the properties of the 
shipments moved through the pipeline over time. Causal details are also limited. Incidents 
categorized as corrosion damage, for example, do not specify whether the damage occurred as a 
result of the action of microorganisms, in combination with stress cracking, or at sites of 
previous mechanical damage. Such detailed information is impo1tant in determining the 
causative role of the crude oils being transported in the pipeline, particularly for failures arising 
from cumulative and time-dependent degradation mechanisms such as corrosion and cracking. 

Having identified the main causes of pipeline releases, the committee assessed each cause 
with respect to its potential to be affected by the chemical and physical properties of the 
transported crude oil. Consideration was given to specific shipment properties that can 
contribute to internal degradation, external degradation, and mechanical damage in pipelines. 
While the committee did not perform its own testing of crude oil shipments, information on 
many of the chemical and physical properties of diluted bitumen and other crude oils was 
obtained from public websites and assay sheets. Additional information was obtained from a 
review of government repo1ts and technical literature, queries of oil producers and pipeline 
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Natural force 
damage 

5% 

Other outside 
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corrosion ___ _ 
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16% 
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11% 

Excavation 
damage 

5% 

Other causes 
6% 

Material, weld, 
and equipment 
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39% 

Incorrect 
operations 

9% 

FIGURE 1-1 Causes of crude oil pipeline releases reported to PHMSA, 2002 to 2011. (Source: 
Incident data provided to committee by PHMSA Office of Pipeline Safety during presentations 
on October 23, 2012. http://onlinepubs.trb.org/onlinepubs/dilbit/Keenerl 02312.pdf.) 

operators, field visits, and inferences from secondary sources such as the maximum water and 
sediment content specified in pipeline tariffs. The committee then compared the relevant 
properties of diluted bitumen with the range of properties observed in other crude oils and looked 
for instances in which diluted bitumen fell outside or at an extreme end of the range. 

Recognizing the possibility that some pipeline operators may modify their operating and 
maintenance practices when they transport diluted bitumen, the committee asked operators about 
their procedures in transporting diluted bitumen and other crude oils. The committee looked for 
evidence of changes in standard procedures, including corrosion monitoring and control 
practices, that could inadvertently make pipelines more susceptible to failure. 

REPORT ORGANIZATION 

The remainder of the report is organized into five chapters. Chapter 2 provides background on 
the transportation of crude oil by pipeline, including the main components of pipeline systems 
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and common aspects of their operations and maintenance. Chapter 3 describes the production, 
prope1iies, and pipeline transportation of diluted bitumen. Chapter 4 reviews pipeline incident 
data from the United States and Canada. The analyses of how the comparative properties of 
diluted bitumen and other crude oils pertain to sources of pipeline failure are carried out in 
Chapter 5. Chapter 6 summarizes the main discussion points from the preceding chapters and 
presents the study results. 

7 

Appendix A contains the questionnaire developed for pipeline operators and the 
responses. A brief description of the federal hazardous liquid pipeline regulations and PHMSA 
safety oversight is provided in Appendix B. Agendas from the information-gathering sessions of 
committee meetings are provided in Appendix C. 
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Crude Oil Pipelines in the United States 

This chapter provides background on the network of crude oil transmission pipelines in the 
United States; the main components of these systems; and common aspects of their 

operations, maintenance, and integrity management. The background was derived from several 
sources: National Petroleum Council 2011, Argonne National Laboratory 2008, Rabinow 2004, 
and a presentation to the committee by Thomas Miesner. 1 

NATIONAL PIPELINE NETWORK 

Crude oil is transp01ied, both onshore and offshore, in gathering systems and transmission 
pipelines. The gathering systems are made up of low-capacity pipelines-typically less than 8 
inches in diameter-that move crude oil from wells to high-capacity transmission pipelines that 
are usually 8 to 48 inches in diameter. Before the crude oil leaves the production field, it is 
processed to remove excess water, gases, and sediments as necessary to meet the quality 
specifications of transmission pipelines and the refineries they access. 

Most of the estimated 55,000 miles of crude oil transmission pipeline in the United States 
are interconnected to form a national network that links oil production regions, storage hubs, and 
refineries.2 This extensive network accounts for more than 90 percent of the ton-mileage of crude 
oil transported within the United States.3 

Transmission pipelines are critical in providing refineries with a steady supply of 
feedstock consisting of various types of crude oil. About 140 refineries operate nationwide. 
Some are vast complexes that can process more than 500,000 barrels of crude oil per day, while 
others serve relatively small and specialized markets and process less than 50,000 barrels per 
day.4 

About 40 percent of U.S. refining capacity is located along the Gulf Coast, and the next 
largest center is in the Upper Midwest. Originally, the Gulf Coast refineries were supplied by 
domestic sources, primarily from Texas and Louisiana and from shallow waters in the Gulf of 
Mexico. As domestic production declined in the 1970s, the Gulf Coast refineries increasingly 
sourced their crude oil from Mexico, Venezuela, and the Middle East. Because the imports 
tended to be denser and higher in sulfur, refiners invested in facilities capable of processing such 
feedstock. In recent years, increased production from Canada, deep Gulf waters, and domestic 
shale fields has replaced waterborne imports. These supply shifts have had significant 
implications for the transmission pipelines that once moved crude oil from Gulf Coast ports to 
inland refineries as far north as Illinois and Ohio. Many of these systems have had their flow 
directions reversed and are now being used to transpo11 Canadian crude oil to the Gulf Coast 

1
October23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/Miesnerl02312.pdt). 

2 The Pipeline and Hazardous Materials Safety Administration (PI-IMSA) has estimated that the crude oil transmission pipeline 
network extended for 55,330 miles as of 2011. 
3 "Ton-mile" is a measure of the weight ofa substance carried multiplied by the distance over which it is carried. 
4 

One U.S. barrel of crude oil contains 42 gallons. 

8 
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Crude Oil Pipelines in the United States 

refineries. The transition is under way, with major investments to add more north-to-south 
capacity by reversing more lines and building new ones. 

9 

For many decades, U.S. crude oil produced in the northern Rocky Mountains and Dakotas, as 
well as that produced in the western provinces of Canada, was transported to refining centers in 
Eastern Canada and the Upper Midwest. In recent years, as output from these oil-producing 
regions has grown significantly, crude oil supplies have exceeded refining capacity and are being 
transported south, where they are displacing crude oil traditionally sourced from Mexico, South 
America, and the Gulf of Mexico. 

Both the East and West Coasts have remained largely independent markets for crude oil 
supplies. The eastern states have little oil production and no significant crude oil transmission 
pipelines. While the recent development of shale resources in New York and Pennsylvania is 
adding production capacity, truck and rail remain the dominant regional modes of crude oil 
transportation. The main East Coast refining centers in nmihern New Jersey, Philadelphia, and 
coastal Virginia receive most of their supplies from tanker vessels. In comparison, California has 
an extensive network of crude oil transmission pipelines because of significant in-state oil 
production. These pipeline systems, some of which consist of heated lines to move the native 
viscous crude oils, do not connect to pipeline systems in other states. Refineries in Washington 
State receive crude oil by tanker and from Western Canada by pipeline. 

PIPELINE SYSTEM COMPONENTS 

The individual pipeline systems that make up the U.S. crude oil transmission network vary in 
specific design features and components. Nevertheless, the systems have many common 
elements. 

Line Pipe 

Pipelines are made of sections of line pipe that are welded together and generally buried 3 or 
more feet below grade. Virtually all line pipe is made of mild carbon steel that is coated 
externally but not internally. Pipe sections are typically 40 feet long, manufactured with 
longitudinally welded seams and joined by circumferential girth welds during installation. Pipe 
wall thickness depends on many factors, including planned capacity and operating pressure. 
Most line pipe in crude oil transmission systems is operated at pressures between 400 and 1,400 
pounds per square inch, is 20 or more inches in diameter, and has a nominal wall thickness 
ranging from 0.2 to 0.75 inches. Federal regulations in the United States require that pipeline 
operating pressures and other forces not generate stresses that exceed 72 percent of the specified 
minimum yield strength (SMYS) of the pipe, and therefore a higher operating pressure requires 
thicker pipe or pipe with higher yield strength.5 Depending on pipeline design and routing 
factors, thicker-walled pipe may also be used where the pipeline crosses a body of water or in 
areas that are densely populated, environmentally sensitive, or prone to additional external forces 
such as seismic activity. 

5 
Federal regulations concerning SMYS are contained in 49 CFR §195.406. The federal hazardous liquid pipeline safety 

regulations, as administered by PHMSA, are outlined in Box B-1, Appendix B. Some pipelines operate at 80 percent ofSMYS 
with permission of PHMSA. 
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Inlet Stations and Tank Farms 

Transmission pipelines originate at one or more inlet stations, or terminals, where custody of the 
shipment is transferred from the owner to the pipeline operator. Accordingly, inlet stations are 
access points for truck tankers, railroad tank cars, and tanker vessels as well as other pipelines, 
including gathering lines connecting production areas. Along with pumping stations, sampling 
and metering facilities are located at inlets to ensure that the crude oils injected into the pipeline 
meet the quality control requirements of the pipeline operator and intended recipients. Metering 
instruments usually include densitometers and may include viscometers, which are used to 
measure density and viscosity, respectively. 

Tanks at inlet stations are used to consolidate shipments into batches sized for main-line 
movement, blend crude oils to meet quality specifications, and schedule shipments according to 
the needs of refiners. Tanks can vary in capacity from tens of thousands to hundreds of 
thousands of barrels.6 All are made of steel and are unpressurized. They are usually designed 
with floating roofs that rise and fall with the liquid level to limit hydrocarbon loss from 
vaporization and minimize emissions of volatile organic compounds. Tanks usually have lined 
floors and are inspected and cleaned periodically to remove any water and sediment settling to 
the floor. 

Pump Stations 

To maintain desired flow rates, booster pumps are positioned at points along the pipeline at 
intervals of20 to 100 miles depending on many factors, including topography, line 
configuration, pipe diameter, operating pressure, and the properties of the fluids being 
transported. Pump stations are often automated and are equipped with sensors, programmable 
logic controllers, switches, alarms, and other instrumentation allowing the continuous monitoring 
and control of the pipeline as well as its orderly shutdown if an alarm condition occurs or if 
established operating parameters are violated. 

Valves 

Shutoff valves are strategically located at pump stations, ce11ain road and water crossings, and 
other points to facilitate the starting and stopping of flow and to minimize the impact of leaks. 
These valves, many of which can be controlled remotely, ensure that portions of the line can be 
isolated in the event of a leak or the need for repair or maintenance. In addition, check valves 
that prevent backflows may be located at elevation changes and other intermediate points. The 
opening and closing of valves, along with pumping station operations, are sequenced to prevent 
flow reversals and problems associated with over- and underpressurization. Bypass lines, safety 
valves (e.g., pressure and thermal relief), and surge tanks may be sited at stations to relieve 
pressure. 

Intermediate and Terminal Facilities 

Depending on the scope of operations, a transmission pipeline system may have intermediate 
points, in addition to terminal facilities, that connect to other pipelines, other modes of transport, 

6 
Larger underground caverns are used for storage at some pipeline terminals. 
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and refineries. These stations usually contain tanks and crude oil sampling and metering 
facilities. Smaller "breakout" tanks at intermediate points may also be used to supp01t 
maintenance and emergency activities; for example, to relieve pressure or to allow for temporary 
draining of a pipeline segment. 

OPERATIONS AND CONTROL 

Batch Operations 

A transmission pipeline will rarely carry a single type of crude oil. At any given time, a large 
pipeline will usually be transp01ting dozens of shipments, typically in batches of at least 50,000 
barrels and covering a variety of crude oil grades. Sometimes the batches are physically 
separated by plugs known as pigs, but most of the time they are not. To reduce undesirable 
mixing at interfaces, the batches are separated and sequenced according to characteristics such as 
density, viscosity, and sulfur content. Accordingly, batches are scheduled to permit the proper 
lineup of crude oils being moved into and out of storage tanks. Maintaining batch separation 
requires that operators closely monitor the flow characteristics of the pipeline, since reductions in 
flow velocity and loss of flow turbulence can lead to undesirable intermixing of batches. 

Flow Regime 

Most shipments flow through the pipeline at 1.5 to 3 meters per second (3 to 6 miles per hour), 
which equates to a delivery rate of 500,000 to 1,000,000 barrels of crude oil per day in a 36-inch 
transmission pi~eline.7 Flow conditions in the pipeline will remain turbulent within this range of 
flow velocities. Pipeline operators strive to maintain turbulent flow, characterized by chaotic 
motion and the formation of eddies, to reduce intermixing of batches and to keep impurities such 
as water and sediment suspended in the crude oil stream. Choosing a desired flow regime 
requires the balancing of many technical and economic factors. Increasing operating pressure 
will increase pipeline throughput, which is generally desired by an operator to increase revenue 
capacity. Higher operating pressures, however, require a larger investment in pipe materials and 
pumping capacity and will increase energy use and operating costs. 

The characteristics of the crude oil to be shipped are imp01tant considerations in 
establishing the flow regime. More energy is needed to pump dense, viscous crude oils than light 
crude oils with lower viscosity. Some crude oils are too viscous naturally to be pumped. The 
normal response when a highly viscous crude oil is transported is to dilute it with lighter oil. 
When a diluent is too costly or unavailable, an alternative approach is to transp01t the crude oil in 
a heated pipeline. However, heating a pipeline is an expensive option and presents construction 

7 
http://www.aopl.org/aboutPipelines/?fa=faqs. 

8 
Whether a flow is turbulent or nonturbulent (i.e., laminar) depends on the diameter of the pipeline, the velocity of the flow, and 

the viscosity of the crude oil. These parameters can be used to calculate the Reynolds number, which defines the flow regime as 
laminar to turbulent. As described later in Chapter 3, the kinematic viscosity of heavy crude oils can range up to about 250 
centistokes (0.00025 square meter per second) at room temperature. These oils will need to be transported at about 2 meters per 
second (6.5 feet per second or 4.4 miles per hour) in a pipe with a diameter of20 inches to achieve a Reynolds number higher 
than 4,000, which is at the transition from laminar to turbulent flow. In a larger pipe, lower velocities are required to maintain 
turbulence (e.g., l meter per second or 2 miles per hour for a 42-inch pipe). Further consideration is given to the beneficial effects 
of maintaining turbulent flow in Chapter 5. 
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and operating challenges that preclude its common use. Where the throughput capacity of a line 
needs to be increased without adding pumping capacity, an operator may inject drag-reducing 
agents to enhance flow. These chemicals, which consist of long-chain polymers, dampen 
turbulence at the interface between the crude oil and the pipe wall to reduce friction and enable 
increased flow velocity. 

Pipeline flows are usually monitored and controlled by operators from one or more 
central control centers, where supervisory control and data acquisition systems collect and 
analyze data signals from sensors and transmitters positioned at pumps, valves, tanks, and other 
points en route. Parameters other than flow rate, such as line pressure, pump discharge pressures, 
and temperatures, are also monitored for routine operational and maintenance decisions and for 
leak detection. 

Shipment Quality Control 

In the United States, the Federal Energy Regulatory Commission (FERC) oversees the tariffs that 
interstate pipeline operators are required to publish as common carriers. For intrastate 
transmission pipelines, state authorities such as the Texas Railroad Commission and the 
California Energy Commission function much like FERC in overseeing tariffs for in-state 
movements. 

Pipeline tariffs define the terms and conditions for the transp011ation service, including 
the quality specifications applicable to all shipments in the pipeline. The specifications are driven 
by both operational and commercial considerations. Measurements to ensure adherence to the 
specifications are usually taken at custody transfer points. It is common for these specifications 
to define the maximum allowable sediment and water content, viscosity, density, vapor pressure, 
and temperature of the shipment. Other shipment qualities, such as levels of sulfur, acid, and 
trace metals, are seldom delineated in published tariffs but may be specified in private 
agreements. Quality specifications are designed to protect the integrity of the pipeline and the 
ancillary facilities, ensure that the shipped crude oil meets the specifications of the refiner, and 
prevent valuable throughput capacity from being consumed by transp011ing sediment and water. 

MAINTENANCE 

Each operator tailors pipeline maintenance and integrity management practices within the 
parameters allowed by safety regulations and according to the demands of the specific system, 
including its age, construction materials, location, and stream of products transported. 
Nevertheless, many practices are standardized. Some of the most common cleaning, inspection, 
and mitigation practices are described below. Regulatory requirements that govern integrity 
management are outlined in Appendix B. 

Cleaning 

Periodic cleaning of crude oil pipelines and equipment is often performed to facilitate inspection 
as well as to maintain operational performance. Cleaning intervals, typically measured in weeks 
or months, will vary depending on operating conditions and crude oil properties. A variety of 
tools are used for cleaning the pipe and monitoring interior condition. Mechanical pigs equipped 
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with scrapers and brushes remove debris from the inner wall. The scraped deposits and scale are 
transported to clean-out traps. The scrapings may be tested for contaminants and corrosion by
products. 

Inspection and Monitoring 

A regular inspection regime that assesses the condition of rights-of-way, pipes, pumps, valves, 
tanks, and other components is important to maintaining pipeline operational integrity and 
preventing unplanned shutdowns. Rights-of-way are routinely monitored by aerial patrols 
looking for threatening activities and encroachments and by field inspectors conducting detailed 
surveillance of line and equipment conditions. While visual inspection of buried pipe is not 
possible, pipes exposed for repair are usually inspected for evidence of mechanical damage or 
signs of degradation that may be indicative of problems elsewhere on the line. 

From time to time, instrumented, or "smaii," pigs are run through the line to detect 
anomalies. The three primary instruments are geometry, metal loss, and crack tools. Geometry 
tools are normally equipped with mechanical arms that survey the pipe wall to detect dents and 
other geometry changes. Metal loss tools use either magnetic or ultrasonic technology. Crack 
tools are designed to detect cracks in the pipe body, especially those that are longitudinally 
oriented. The frequency of instrumented pig runs is determined by the risk management program 
of the operator, as influenced by government regulation. Some pipeline sections, mostly in older 
systems, are not configured to accept some instrumented pigs. 

Other techniques for monitoring conditions inside the pipe include the use of corrosion 
coupons and electrical resistance probes. Coupons are steel samples inserted into the pipeline and 
periodically removed for examination. Because the coupons are weighed before and after the 
exposure, the amount of corrosion can be determined by weight loss. Electrical resistance probes 
inserted into the pipe provide information on the corrosivity of the stream. External corrosion is 
monitored primarily through the use of pipe-to-soil potential surveys, whereby the voltage is 
measured with respect to a reference electrode to determine whether adequate cathodic 
protection levels are present along the length of the pipeline. Techniques are also used to 
measure the voltage gradients in the soil above a protected pipeline to determine the size and 
location of coating defects. Coupons buried in the soil can supplement this external corrosion 
monitoring. In addition, coatings are inspected whenever portions of the pipeline are uncovered. 

Corrosion Mitigation Practices 

It is standard practice for buried transmission pipelines to be coated externally to provide a 
physical barrier between the steel and the surrounding corrosive environment. Desired coating 
characteristics include low permeability to water and salts, strong adhesion to steel, and good 
abrasion resistance (Beavers and Thompson 2006). The coating also needs to be durable and 
resist chemical and thermal degradation at pipeline operating temperatures. 

Pipeline coatings have improved over the past several decades. Along with cold and hot 
applied tapes, field-applied coatings made from coal tar, asphalt, and grease were the dominant 
systems used through the 1950s (Michael Baker Jr., Inc. 2008; Beavers and Thompson 2006). 
Because of nonoptimal conditions for field applications, early coatings often had poor adhesion 
characteristics, with pinholes and other imperfections. Some also exhibited degradation of the 
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polymers. After time in service, the coatings tended to become porous or to detach from the pipe 
surface. 

During the 1960s and 1970s, fusion bonded epoxy (FBE) coatings were introduced. 
Unlike other coatings, FBE coatings are formed by heating a powder on the surface of the metal. 
The components of the powder melt and flow to initiate a cross-linking process. These heat
cured coatings exhibit good mechanical and physical prope1ties, including adhesive strength and 
resistance to degradation, and they are widely used today. 

Even a well-coated pipe may have imperfections and develop small holes in the coating 
that can expose the pipe to corrosion attack. To counter this effect, pipelines are fitted with 
cathodic protection systems. In some systems, the electrochemical potential of the pipe is 
reduced by galvanically coupling to sacrificial anodes typically made of magnesium, aluminum, 
or zinc alloys that will preferentially corrode instead of the pipe. Other systems employ an 
impressed current applied to the pipeline with the use of a power supply to lower the pipeline 
potential. The cathodic protection system is designed to supply enough current to a pipe to 
prevent external corrosion at defects or holes that form in the coating where the external 
environment can come in contact with the steel surface. Defects in coatings are especially 
problematic when the dis bonded coating shields distribution of the cathodic current to the defect 
site. This shielding is most often associated with the impermeable tapes and shrink sleeves used 
on some older pipelines. An advantage of modern FBE systems is that they are permeable to 
ionic flow and thus do not shield the exposed sites from cathodic protection.9 

Preventing the internal corrosion of pipes staits with basic quality control and operational 
procedures that limit the entry and accumulation of water and other contaminants. As noted 
above, transmission pipelines are typically constructed of steel with no internal coatings, so the 
transported product is in contact with the steel. While oil is not corrosive, even small amounts of 
contaminants such as water and salts in the oil can be corrosive if they are allowed to accumulate 
on the steel surface. Certain gases dissolved in the product stream, especially oxygen, hydrogen 
sulfide, and carbon dioxide, can also increase the rate of corrosion. Actions to mitigate internal 
corrosion include controlling ingress of air at pumps and other entry points, limiting water and 
sediment content, and chemical treatment of the crude oil stream. 

The chemicals injected into the crude oil stream usually consist of a mixture of additives 
that inhibit corrosion by various means. The most common mixtures contain surfactant 
chemicals that adsorb onto the steel surface and provide a barrier between the corrosive water 
and pipe steel. Many surfactants confer additional benefits by reducing the surface tension at the 
oil-water interface, which keeps the water entrained in the flow rather than depositing on the 
pipe wall. Chemical additives may also have properties that repel the water from the pipe wall, 
neutralize acids, and act as biocides to help inhibit micro biologically influenced corrosion. 
The rates of flow in transmission pipelines are normally sufficient to prevent the deposition of 
contaminants and to sweep away deposits that settle to the pipe bottom. Areas of low flow, such 
as steep angles of elevation and sections of isolated piping (called dead legs), are vulnerable to 
water and sediment accumulation and subsequent internal corrosion. Because the hydrodynamic 
and chemical processes of water and sediment accumulation are well understood, models for 

9 Inspections performed on gas gathering lines equipped with an early generation FBE coating (from the mid-l 970s) revealed that 
less than 0.2 percent of pipeline sections exhibited blistering of the coating despite some operating in temperatures as high as 
76°C (170°F). Removal of the blistered coating revealed no underlying corrosion because of the permeability of FBE to cathodic 
fields (Boerschel 2010; Batallas and Singh 2008). 
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analysis are available to guide pipeline construction and operating parameters to decrease the 
tendency for accumulations and to identify areas of greatest vulnerability to corrosion. 

Additional details on the mechanisms of pipeline damage and factors that contribute to 
them are discussed in Chapter 5. 

SUMMARY 

15 

The crude oil transmission network in the United States consists of an interconnected set of 
pipeline systems. Shipments traveling through the network often move from one pipeline system 
to another, sometimes being stored temporarily in holding tanks at terminals. Most operators of 
transmission systems are common carriers who do not own the crude oil they transport but 
provide transportation services for a fee. Few major transmission pipelines are dedicated to 
transporting specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, which are often provided by different shippers and include a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. These differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with regulatory 
requirements. Nevertheless, the systems tend to share many of the same basic components and 
follow similar operating and maintenance procedures. Together, regulatory and industry 
standards, system connectivity, and economic demands compel both a commonality of practice 
and a shared capability of handling different crude oils. 
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Bitumen Properties, Production, and Transportation by Pipeline 

T his chapter describes the chemical composition and physical properties of bitumen, the 
methods used to produce it, and the properties of the bitumen shipments that are diluted for 

pipeline transportation to the United States. 

BITUMEN COMPOSITION AND PROPERTIES 

Like all forms of petroleum, bitumen is a by-product of decomposed organic materials rich in 
hydrocarbons. According to the World Energy Council, bitumen deposits exist in about 20 
countries, but the largest are in Canada, Kazakhstan, and Russia (WEC 2010, 123-150). Because 
only the Canadian bitumen is diluted for transportation by pipeline to the United States, it is the 
subject of the description in this chapter. 1 

Canadian bitumen deposits are concentrated in the Western Canadian Sedimentary Basin 
(WCSB), and paiticularly in the province of Alberta. Three regions in the WCSB have large 
reserves: the Athabasca, Peace River, and Cold Lake regions (Strausz and Lown 2003, 21). 
According to the government of Albe1ta, about two-thirds of the world reserves ofrecoverable 
bitumen are contained in the three regions, which total some 140,000 square kilometers (55,000 
square miles) (ERCB 2012a). In some locations in Alberta, surface deposits are easy to spot, 
since the black bitumen is impregnated in sandstone along the sides of lakes and rivers. Most of 
the bitumen is not visible because it is deposited below the surface. 

The bitumen-impregnated sands in the WCSB are referred to as bituminous sands, oil 
sands, and tar sands (Strausz and Lown 2003, 29). Canadians use the term oil sands, which is 
also used in this rep01t. The typical composition of the WCSB oil sands is 85 percent sand and 
clay fines,2 10 percent bitumen, and 5 percent water by weight.3 Oil sands also contain salts, 
trace gases, and small amounts of nonpetroleum organic matter.4 These components exist 
together in a specific microstructure with a film of water that surrounds each sand and clay 
paiticle, and the bitumen surrounds the film, as shown in Figure 3-1. When freed from this 
microstructure, bitumen has a typical elemental composition of 81 to 84 percent carbon; 9 to 11 
percent hydrogen; 1 to 2 percent oxygen, nitrogen, and other elements; and 4 to 6 percent sulfur, 
most of which is bound in the bitumen in stable (e.g., heterocyclic rings) hydrocarbon structures 
(Dettman 2012; Strausz et al. 2011; Gogoi and Bezbaruah 2002; Strausz and Lown 2003). 

1 Canada contains the vast majority of the natural bitumen in North America. According to the U.S. Geological Survey, bitumen 
deposits exist in the United States in several states, mainly in Utah, California, and Alabama. While commercial mining 
operations are being planned in Utah, many technical and economic challenges remain to exploit this resource (USGS 2006). 
2 The solid particles consist of sand grain minerals, mostly of quartz but also feldspar, mica, and chert. The solid particles also 
consist of clay minerals, mostly kaolinite and illites (Strausz and Lown 2003, 31-32). 
3 Up to 18 percent of the ore can be made up of bitumen (Strausz and Lown 2003, 62). 
4 The organic matter consists ofhumin, humic acids, fulvic acids, and chemiabsorbed aliphatic carboxylic acids (Strausz and 
Lown 2003, 29-32). 
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Hydrocarbon molecules account for 92 to 95 percent of the weight of bitumen.5 These 
molecules range from light alkanes, such as ethane, to long-chain compounds with relatively 
high molecular weights and boiling points. The latter molecules are more common in bitumen 
than in the lighter, more paraffinic crude oils that have undergone less microbial degradation.6 

Bitumen contains relatively high concentrations of asphaltenes, which account for 14 to 17 
percent of the total weight of the material (Strausz and Lown 2003, 95; Rahimi and Gentzis 
2006, 151 ). Trace elements, such as vanadium and nickel, usually reside in the asphaltenes along 
with sulfur, nitrogen, and oxygen (Strausz and Lown 2003, 93-99, 495-498). The nitrogen in the 
bitumen is bonded with carbon in pyridinic structures, including quinolines and acridines 
(Rahimi and Gentzis 2006). The asphaltenes, as well as other nonparaffinic compounds such as 
naphthenes, give bitumen its high density and high viscosity (Strausz and Lown 2003, 99). 

Bitumen is usually distinguished from other forms of petroleum on the basis of physical 
properties that derive in part from its relatively high asphaltene content. The U.S. Geological 
Survey (USGS) has used the following definition to distinguish bitumen from other heavy crude 
oils: 

5 
The ratio of hydrogen to carbon atoms is about 1.5 in bitumen, compared with 2.0 for very light oils (Strausz and Lown 2003, 

95-96). 
6 Bitumen has undergone more biodegradation than have other petroleum oils. Because straight-chain paraffinic hydrocarbons are 

more readily metabolized by microorganisms, these hydrocarbons are depleted in bitumen (Strausz and Lown 2003, 90). 
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Natural bitumen is defined as petroleum with a gas-free viscosity greater than 
10,000 centipoises ( cp) at original reservoir temperature. Petroleum with a gas
free viscosity between 10,000 and I 00 cp is generally termed heavy crude oil. In 
the absence of viscosity data, oil with API gravity less than I 0 degrees is 
generally considered natural bitumen, whereas oil with API gravity ranging from 
I 0 degrees API to about 20 degrees API is considered heavy crude oil. The term 
extra-heavy crude oil is used for oil with a viscosity less than I 0,000 cp but with 
API gravity less than I 0 degrees. (USGS 2006) 

The American Petroleum Institute (API) gravity scale referenced by USGS is an inverse 
measure of the density of a liquid relative to that of water at room temperature. A liquid with 
API gravity greater than 10 degrees will float on water; if the API gravity is lower than 10 
degrees, it will sink.7 Canadian bitumen (undiluted) typically has an API gravity between 7 and 
13 degrees, whereas most heavy crude oils have values that are 5 to 15 degrees higher (Strausz 
and Lown 2003, I 00). The viscosity of bitumen is also high compared with that of other crude 
oils across a range of temperatures. Figure 3-2 compares the effects of temperature on viscosity 
[in centipoise units (cp)] for bitumen derived from two WCSB reservoirs (Cold Lake and 
Athabasca), a Canadian heavy crude (Lloydminster), and typical light crude oils.8 At most 
pipeline operating temperatures [0°C to 40°C (32°F to 100°F)], the lighter crude oils will behave 
as liquids, while the bitumen will remain in a semisolid state, having viscosities comparable with 
that of peanut butter. Although they are less viscous than bitumen, the heaviest conventionally 
drilled Canadian crude oils have relatively high viscosities as well.9 Several Canadian crude oils, 
including the Lloydminster crude oils shown in Figure 3-2, are routinely diluted with lighter oils 
to improve their flow in transmission pipelines. 10 

BITUMEN PRODUCTION 

The WCSB has long been a major oil-producing region of Notih America. Oil exploration 
commenced in the early 20th century, and by the 1960s hundreds of millions of barrels of 
Western Canadian crude oil were being exported each year through pipelines to the United 
States. Nearly all of this oil was produced with conventional drilling and well technology. By the 
1990s, Western Canadian exports of conventionally produced oil were declining just as new 
technologies were being introduced to recover the vast deposits of bitumen contained in oil 
sands. 

7 
AP! gravity values are referred to as "degrees." Most crude oils have AP! gravities in the range of20 to 40 degrees, but some 

range I 0 degrees higher or lower. 
8 Centi poise is a measure of resistance to shear flow, or the dynamic viscosity of a fluid. A more common measure of resistance 
to flow by crude oils is the centistoke (cSt), which is the ratio of dynamic viscosity to fluid density, also known as kinematic 
viscosity. At room temperature, the kinematic viscosity of bitumen will exceed 100,000 cSt, compared with about 25 cSt for a 
medium-density crude oil. Kinematic viscosity is referenced more often in this report. 
9 This Canadian heavy crude oil is usually diluted with lighter oils for pipeline transportation. 
10 Lloydminster heavy crude oils have AP! gravities of 12 to 23 degrees (Strausz and Lown 2003, 26). 
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FIGURE 3-2 Response of crude oil viscosity to changes in temperature (Raicar and 
Procter 1984; WEC 2010, 126). 
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While natural bitumen had long been used as sealing material, Canadian entrepreneurs 
started mining deposits for refinery feed during the early 20th century. However, separating the 
bitumen from the mined ore required significant amounts of heated water, which made recovery 
expensive compared with the lighter crude oils that were less costly to drill elsewhere in Canada 
and the United States. Commercial ventures to mine bitumen began in the 1920s, but it took 
another 40 years of declining N01ih American crude oil reserves, increasing consumer demand 
for gasoline and other refined petroleum, and advances in extraction and processing technologies 
to transform the mined bitumen into a commercially viable refinery feedstock. 11 

During the 1990s, thermally assisted in situ recovery methods were introduced in the 
WCSB to exploit the large reserves of bitumen located too deep for surface mining. After this 
development, the quantity of bitumen produced surpassed the quantity of conventionally 
produced oil from the basin. Today, bitumen accounts for more than 70 percent of the petroleum 
produced in Albe1ia, and in situ recovery methods account for nearly half of this bitumen 
production (ERCB 2012a). 

11 Oil Sands Discovery Centre. Facts About Alberta's Oil Sands and Its Industry. 
http://history.alberta.ca/oilsands/docs/facts _ sheets09 .pdf. 
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One in situ method in particular-steam-assisted gravity drainage (SAGD)-led to the 
recent growth in Canadian bitumen production for export to the United States. Indeed, no 
significant quantities of mined bitumen are diluted for pipeline transportation to the United 
States, the main market for bitumen recovered by using the SAGO process. 12 

Bitumen Mining and Upgrading to Synthetic Crude Oil 

About 20 percent of the bitumen deposits in the WCSB are less than 60 meters (200 feet) deep 
and can be recovered by surface mining. Mining operations use diesel-powered shovels to 
excavate the ore, which is transported by truck to field facilities containing crushers. The crushed 
ore is mixed, or washed, with hot water to create a slurry that is piped a short distance, where it 
is agitated and filtered in separation vessels. The hot water heats and releases the water that 
surrounds the sand and clay pa11icles. The agitation causes air bubbles to attach to bitumen 
droplets, which float in a froth to the top of the vessel. The froth is then deaerated with steam and 
diluted with a hydrocarbon solvent such as naphtha. The solvent coalesces and causes settlement 
of emulsified water and mineral solids. The suspended bitumen is then separated with a 
centrifuge and skimmer. 

The extraction process for mined bitumen yields a product that typically contains 0.5 
percent solids and 1 to 2 percent water by volume. This solid and water content is generally too 
high to be accepted by transmission pipelines. As a consequence, mined bitumen is nearly 
always upgraded, usually at nearby field plants, into synthetic crude oil. The field plants consist 
of refinery-type cokers that crack the bitumen into lighter products that are then processed in 
hydrotreating units to remove sulfur and nitrogen. 13 The processed streams are then mixed to 
produce a low-viscosity, low-sulfur synthetic crude oil that can be transported by transmission 
pipeline to refineries in Canada and the United States. The synthetic crude oils are also blended 
with other heavy Canadian crude oils, including in situ-produced bitumen, for pipeline 
transpo11ation to the United States. 

Nearly all of the bitumen mined in the WCSB is upgraded to synthetic crude oil. 14 This 
situation is subject to change as alternative methods are introduced to yield mined bitumen with 
reduced viscosity and water and sediment content comparable with that of the bitumen produced 
in situ and transpo11ed in diluted form through transmission pipelines. One alternative is to 
deasphalt the mined bitumen pai1ially to produce synthetic crude oil that retains some of the 
heavier hydrocarbon fraction by substituting a paraffinic solvent for the aromatic-rich naphtha 
solvent traditionally used during removal of water and solids (Rahimi et al. 1998). Composed 
largely of pentanes and hexanes, a paraffinic solvent is more effective than naphtha in promoting 
aggregation and settlement of asphaltenes and suspended water and solids. Removal of 
asphaltenes through paraffinic treatment yields a processed bitumen that is less viscous and has 
lower levels of water and solids than mined bitumen that is processed with a traditional naphtha 
solvent. 

12 
The discussion focuses on surface mining and SAGO, which are the most common bitumen recovery methods. Other methods 

not discussed include cyclic steam stimulation, toe-to-heel air injection, vapor-assisted petroleum extraction, and cold heavy oil 
production with sand. More information on recovery methods can be found at http://www.oilsai1ds.alberta.ca/. 
13 

According to the Alberta Energy Ministry, the five upgraders operating in Alberta in 201 1 had the capacity to process 
approximately 1.3 million barrels of bitumen per day (ERCB 2013). 
14 

According to the Alberta Energy Ministry, in 20 I 1 about 57 percent of oil sands bitumen production was upgraded to synthetic 
crude oil in Alberta. Most upgraders produce synthetic crude oil, but some also produce refined products such as diesel (ERCB 
2013). 
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Mined bitumen processed with paraffinic solvent can be transported by transmission 
pipeline, usually by retaining some of the solvent as diluent. 15 Mined bitumen treated in this 
manner is being piped several hundred miles from oil sands production regions to large, centrally 
based upgraders elsewhere in Alberta, where it is processed into synthetic crude oil. The mined 
bitumen, however, is not transported through pipelines to the United States (except when 
upgraded to synthetic crude oil) because paraffinic solvents are too expensive to use as diluent 
for long-distance transportation. Instead, the solvent is recovered at the Canadian upgraders and 
piped back to bitumen production fields for reuse as a solvent. 

In Situ Recovery 

Because most Canadian bitumen is located dee~ underground, it can only be recovered in place. 
Although reaching the deposits is not difficult, 6 the challenge in recovering them is in separating 
and thinning the bitumen for pumping to the surface. A recovery method that is now common 
involves the injection of pressurized steam into the deposit. The steam thins the bitumen and 
separates it from the sand while the pressure helps to push the bitumen up the well. 

A number of thermally assisted recovery methods are used in the WCSB. The two main 
methods are cyclic steam stimulation (CSS) and SAGO. CSS involves injecting steam into the 
bitumen deposit and letting it soak for several weeks. This process causes the bitumen to separate 
from the sand and become sufficiently fluid for pumping. Over the past decade, SAGO has 
surpassed CSS as the preferred thermal recovery method because a higher proportion of the 
bitumen is recovered. SAGO involves drilling two horizontal wells, one located a few feet above 
the other as shown in Figure 3-3. Steam is injected into the upper well, which heats the bitumen 
and causes it and steam condensate to drain into the lower well for pumping to the surface. At 
the surface, condensed water is separated from the recovered bitumen and recycled to produce 
steam for subsequent applications. 

The high recovery ratio of SAGO is an important reason for the growth in Canadian 
bitumen production. SAGO now accounts for about half the bitumen recovered from the 
WCSB. 17 Compared with mining, SAGO has the advantage of eliminating the need to wash the 
ore with hot water because the bitumen is separated from the sand and clay underground. After 
further treatment (e.g., standard degassing, dewatering, and desalting), the recovered bitumen 
contains much lower levels of water and sediments (generally less than 0.5 percent by volume) 
than mined bitumen, and it is sufficiently stable for acceptance by long-distance pipelines. 
Whereas nearly all mined bitumen is upgraded into synthetic crude oil in Alberta, less than IO 
percent of the SAGO-derived bitumen is processed into synthetic crude oil (NEB 2009). Most 
SAGO-derived bitumen is diluted with lighter oils for transportation by pipeline to U.S. 
refineries. 

15 
While asphaltene concentrations have significant implications for bitumen viscosity, the removal of all asphaltenes would not 

reduce viscosity enough for undiluted bitumen to meet pipeline specifications (Rahimi and Gentzis 2006). 
16 

The exploited deposits are generally less than 750 meters (2,500 feet) underground. 
17 

ln 2011, about I. 7 million barrels per day of bitumen were produced, with surface mining accounting for 51 percent and in situ 
processes accounting for 49 percent of the production (ERCB 2013). 
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FIGURE 3-3 Bitumen recovered using SAGD (ERCB 2012b). 

PIPELINE TRANSPORTATION OF DILUTED BITUMEN 

According to the U.S. Depaiiment of Energy, imports of Canadian diluted bitumen and other 
crude oils have grown by more than one-third since 2000. 18 Partially as a result of Canadian 
supplies as well as newly exploited domestic oil shale, crude oil imports from other regions of 
the world are declining. In particular, the Canadian feedstock has supplanted heavy crude oils 
once imported in large volume from Venezuela and Mexico (Figure 3-4). While more than two
thirds of the Canadian crude oil is refined in the Midwest, refinery demand for this feedstock has 
been growing in other regions of the country, particularly at Gulf Coast refineries that are 
equipped to process heavy feed. 

U.S. Pipelines Transporting Diluted Bitumen 

Figure 3-5 shows U.S. refinery destinations for diluted bitumen and other Canadian crude oils, 
and Figure 3-6 shows the main pipeline corridors that access these refineries. Major export 
pipelines from Canada include the Enbridge Lakehead network, which serves several Great 
Lakes refineries; the TransCanada Keystone pipeline, which accesses the Cushing, Oklahoma, 
hub and refineries in southern and central Illinois; and the Kinder Morgan Express and Prairie 

18 
http://www.eia.gov/countries/cab.cfm?fips=CA. 
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FIGURE 3-4 Annual U.S. crude oil imports by grade and origin. [Chart is derived from 
January 31, 2012, presentation to the committee by G. Houlton. Source data on crude oil impo1ts 
were obtained from the Energy Information Administration, U.S. Department of Energy 
(http://www.eia.gov/countries/cab.cfm?fips=CA).] 

pipelines, which transport Canadian crude oils to refineries in the Rocky Mountains and provide 
surplus to refineries fa1ther east and south. These trunk lines are connected to pipelines that 
deliver feed to refineries as far east as Ohio and western Pennsylvania and as far south as the 
Texas Gulf Coast and New Mexico. Several connecting pipelines have recently undergone flow 
reversals, such as the 375-mile Occidental Centurion line, which now runs southwest from 
Cushing in the direction of El Paso, Texas; the 858-mile ExxonMobil Pegasus line, which runs 
south from Illinois to refineries on the Gulf Coast; and the 670-mile Enbridge Seaway line, 
which crosses East Texas and is expected to become fully operational during 2013. 

Properties of Diluted Bitumen Shipped by Pipeline 

In Canada, the National Energy Board (NEB) administers the tariffs, or terms and conditions, 
that govern the transportation of crude oil by transmission pipeline. For shipments entering the 
United States, pipeline operators must also file tariffs with the Federal Energy Regulatory 
Commission. As explained in Chapter 2, tariffs contain quality specifications for crude oil 
shipments that are intended to ensure compliance with the operational requirements of pipelines 
as well as possession of prope1ties required by refiners. At custody transfer points, pipeline 
operators sample shipments to confirm compliance with tariff specifications. 
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Density and Viscosity Levels 

To ensure pipeline transportability, NEB tariffs specify that the density of crude oil shipments 
not exceed 940 kilograms per cubic meter (kg/m3

) (about 20 degrees API gravity) and that 
viscosity not exceed 350 cSt 19 when measured at the posted pipeline operating temperature.20 To 
meet the specifications, Canadian bitumen is diluted into either "dilbit" or "synbit." The 
Canadian Association of Petroleum Producers describes dilbit as a bitumen blend consisting of 
diluent that has a density of less than 800 kg/m3 

( 45 degrees API). If it has a density greater than 
or equal to 800 kg/m3

, the diluent is presumed to be synthetic crude oil, and the blend is called 
synbit (CAPP 2013). 
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FIGURE 3-5 U.S. refinery destinations for Canadian heavy crude oil imports in 2011. 
[Source: National Energy Board fact sheet "Disposition of Heavy Crude Oil and Imports" 
(http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/sttstc/crdlndptrlmprdct/dspstnfdmstccrdlndmp11s
eng.html#s I).] 

19 
Kinematic viscosity and the centistoke (cSt) unit of viscosity measurement have been defined earlier in this chapter. 

20 For an example, see Article 1, page 3 (Definition for Heavy Crude) ofNEB TariffNumber 4, Keystone Pipeline System 
Petroleum Tariff (http://www.transcanada.com/docs/Key _Projects/06 _NEB_ Tariff _No_ 4_Rules_ and_ Regs_ CL.pdt). 
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FIGURE 3-6 Main pipeline corridors moving Canadian crude oil to U.S. refineries. 

In the case of dilbit, the most common diluents are naphtha'-based oils, including natural gas 
condensate.21 The light oils that are used have low densities (<750 kg/m3), high API gravities 
(>60 degrees), and low viscosities (<1 cSt at room temperature). Compared with condensate, 
synthetic crude oils have higher densities (825 to 875 kglm\ lower API gravities (30 to 40 
degrees), and higher viscosities (5 to 20 cSt). Some bitumen shipments are diluted with both 
condensate and synthetic crude oil to produce "dilsynbit." 

25 

Dilution and blending activity is common in the petroleum industry, as distillates and 
light oils are regularly mixed with heavier oils to alter shipment density and viscosity 
characteristics. The chemical compatibility of the oils and distillates must be considered before 
blending, particularly to avoid precipitation of asphaltenes. Thick deposits of these components 
can foul pipelines, pumps, and other equipment to create an increased need for pig cleaning to 
prevent flow assurance problems (Cimino et al. 1995; Saniere et al. 2004; Leontaritis and 
Mansoori 1988). Dilution with distillates containing high concentrations of light hydrocarbons 
such as pentanes and hexanes can cause asphaltenes to precipitate from oils if the distillate 
makes up a majority of the volume of the blend (Maqbool et al. 2009). The acceptable types and 
ratios of distillates blended with bitumen have therefore been analyzed to ensure chemical 
compatibility as well as a transportable product that does not deposit asphaltenes during 
postproduction storage and transportation (Schermer et al. 2004). 

21 
Condensate liquid is produced from raw natural gas when the temperature is reduced below the boiling temperature of the gas. 
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As discussed earlier, distillates such as naphtha are usually mixed with bitumen at the 
production plant to facilitate water and sediment removal. Indeed, all or most of the diluent in 
diluted bitumen is blended during the processing stage before delivery of shipments for 
transmission by pipeline. In some cases, more diluent may be added after delivery to the 
transmission pipeline if further dilution is necessary to meet the density and viscosity levels 
required for long-distance transpmtation.22 Like all crude oil blending, the mixing of diluent and 
bitumen is designed to make the shipped product miscible, or fully mixed in all proportions. As 
discussed in Chapter 2, once in the pipeline, batch shipments of diluted bitumen and other heavy 
crude oils are sequenced to avoid contact with lighter crude oil and condensate shipments. 
Meters along the pipelines track the batched stream to detect any changes in shipment density 
and viscosity. 

After blending, diluted bitumen becomes a mixture of hydrocarbons with a range of 
molecular weights. As in the case of other crude oils, these hydrocarbons are separated by 
distillation at recipient refineries. Table 3-1 compares the distilled volume of light (low
molecular-weight) hydrocarbons in three diluted bitumen crude oils and five light, medium, and 
heavy crude oils imported from Canada. The light hydrocarbons in all crude oils are mainly 

TABLE 3-1 Percentage (by Volume) of Low-Molecular-Weight Hydrocarbons in Selected 
Diluted Bitumen Blends and Other Canadian Crude Oils 

Access 
Wabasca 

Borealis 
Koch 

Light 
Sour High Smiley-

Western 
Heavy 

Heavy 
Alberta 

Sour 
Edmonton Coleville 

Blend Blend Blend 

(Diluted (Diluted (Diluted (Light (Light (Medium 
(Heavy 
Crude 

Bitumen) Bitumen) Bitumen) Crude Oil) Crude Oil) Crude Oil) 
Oil) 

Butanes 0.72 1.93 0.38 4.50 2.43 2.43 0.54 

Pen tan es 8.53 1.92 4.01 2.39 3.25 2.56 4.88 

Hexanes 7.06 3.00 5.75 4.54 6.13 4.59 3.95 

Heptanes 4.73 3.47 4.57 5.61 7.44 5.31 2.7 

Octanes 2.74 3.53 5.28 6.09 8.72 5.58 2.12 

Nonanes 1.43 2.64 4.04 4.97 7.18 4.60 2.05 

Decanes 0.70 1.21 1.49 2.49 3.46 2.46 1.10 

Total 25.91 17.7 25.52 30.59 38.61 27.53 17.34 

Mass 
Recovered Distillation Temperature °C (°F) 

5% 38 93 64 45 69 64 62 
(101) (200) (147) (114) (156) (147) (144) 

10% 70 152 93 92 87 93 114 
(158) (307) (200) (198) (188) (200) (237) 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN). 
Accessed March 1, 2013. 

Lloyd 
Kerrobert 

(Heavy 
Crude Oil) 

2.04 

6.00 

3.96 

2.12 

1.38 

1.36 

0.81 

17.67 

51 
(123) 
136 

(276) 

22 Information on production processes was obtained from briefings by and interviews with bitumen producers and pipeline 
operators. 
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pentanes or heavier, with some measurable butanes and trace amounts of lighter molecules. 
Because of the diluent, the light fraction of diluted bitumen is comparable with that of medium 
and heavy crude oils and accounts for 17 to 27 percent of hydrocarbon volume. 

27 

The specific diluents used in blending are selected on the basis of many factors, including 
their availability in bitumen production regions. Table 3-2 shows the chemical and physical 
properties of the common diluent Southern Lights, a condensate produced in the United States 
and piped to Alberta. Because of its low viscosity, this condensate and others can be mixed with 
bitumen at a ratio of about 30:70 by volume.23 Table 3-2 also shows the chemical and physical 
prope1iies of a Suncor synthetic crude oil. Because it has a higher density than condensate, this 
and other synthetic crude oils are usually blended in even (50:50) ratios with bitumen. 
Illustrative blending ratios and resulting density and viscosity values for synbit and dilbit are 
given in Table 3-3. 

TABLE32Sl tdP • - e ec e roperties o f T WO c ommon D"l 1 uents 

Property 
Southern Lights Condensate Suncor Synthetic Crude Oil 

Diluent Diluent 

Density (kg/m3
) 675 861 

API gravity {0
) 78 33 

Sulfur (weight percent) O.Q3 0.17 

Viscosity at 20°C (68°F) (cSt) <0.5 6.3 

Sediment (parts per million by weight) 16 0 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?acr=SLD; http://www.crudemonitor.ca/crude.php?acr=SYN) and 
from Enbridge website 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Both accessed March I, 2013. 

TABLE 3-3 Example Blending Ratios and Density and Viscosity Levels for 
s b"t d D"lb"t ;yn 1 an I I 

Viscosity 
Blend Component Volume Percent Density (kg/m3

) f cSt at 15°C (59°F)l 

Syn bit 

Bitumen 51.7 1,010 760,000 

Synthetic crude oil 48.3 865 5.9 

Total 100 940 128 

Dilbit 

Bitumen 74.6 1,010 760,000 

Condensate 25.4 720 0.6 

Total 100 936 350 

SOURCE: Illustrative blending ratios provided by R. Segato, Suncor Energy, October 23, 2012 
(http://onlinepubs.trb.org/onlinepubs/dilbit/Segato 102312.pdf). 

23 These blending ratios are nominal and will val}' somewhat depending on seasonal temperatures and the flow regime of 
individual pipeline operators. 
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Once they are diluted for transportation, shipments of bitumen have physical properties 
comparable with those of other heavy crude oil shipments, and they can be stored and 
transported through the same pipeline facilities in a similar manner-that is, without a need to 
heat the crude oil to increase fluidity. API gravities for dilbit and synbit blends are generally in 
the low 20 degrees (a density of about 925 kg!m\ and viscosities generally range between 75 
and 200 cSt at pipeline operating temperatures. 

Table 3-4 shows average density, API gravity, and viscosity values for six common 
diluted bitumen blends. The values are compared with those of six other heavy Canadian crude 
oils that are commonly piped to the United States. In some cases, these other heavy crude oils are 
also blended with lighte1c oils. As would be expected of commercial crude oils, the 12 sampled 
products have viscosities that conform to requisite pipeline tariff specifications. 

According to API, shipments of diluted bitumen enter transmission pipelines at the same 
temperatures as other Canadian crude oils, generally in the range of 4°C to 25°C (40°F to 75°F) 
(API 2013). Temperatures will increase as a result of friction as the crude oil flows through the 
pipeline and because of high ambient temperatures during summer months. Because more 
pumping energy is needed for viscous crude oils, the temperature will be elevated in pipeline 
segments downstream from pumps. The temperature gain from pumping, however, will be the 
same for diluted bitumen as for other crude oils with similar densities and viscosities. Increasing 
pumping energy to boost the flow rate will raise the temperature further, but this effect will 
remain the same for all crude oils with corresponding levels of density and viscosity. Within the 
constraints of the design and safety factors of a pipeline, an operator may elect to increase the 
flow rate of any crude oil type as a means of adding throughput capacity, but this is strictly an 
economic decision. 

TABLE 3-4 Comparison of Density, API Gravity, and Viscosity of Diluted Bitumen and 
Other Canadian Crude Oils 

Canadian Heavy Crude Oils 
Bow 

Fosterton 
Lloydminster Lloydminster Smiley- Western 

River Blend Kerrobe1t Coleville Canadian Blend 

Density (kg/m3
) 914 927 927 930 932 929 

API gravity (0
) 23 21 21 20 20 21 

Viscosity at 20°C 
(68°F) (cSt) 100 96 145 146 144 145 
Viscosity at 40°C 
(104°F) (cSt) 37 36 52 52 51 52 

Diluted Bitumen 

Access 
Cold Lake 

Peace River Christina Wabasca Surmount 
Western Heavy Lake Heavy Heavy (Synbit) 

Density (kg/m3
) 926 928 931 923 935 936 

API gravity (0
) 21 21 20 22 20 19 

Viscosity at 20°C 
(68°F) (cSt) 150 153 113 178 134 131 
Viscosity at 40°C 
(104 °F) ( cSt) 53 54 44 62 49 47 

SOURCE: Data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/tools/comp/crudecomparisons. php#results) and from Enbridge website 
(http://www.enbridge.com/DeliveringEnergy/Shippers/~/media/www/Site%20Documents/Delivering%20Energy 

/2012CrudeCharaceristics.ashx). Both websites accessed March 1, 2013. 
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Water and Sediment Content 

Refiners dislike crude oil feed containing excess water and sediment that requires filtration and 
added treatment for effluent disposal. Furthermore, they do not want to pay for the transportation 
of these impurities in crude oil shipments. Water and sediment are also undesirable from the 
standpoint of pipeline operators because of the potential for internal corrosion, as discussed in 
Chapter 5. Canadian pipeline tariffs specify that basic sediment and water (BS&W) in crude oil 
shipments not exceed 0.5 percent by volume. While U.S. tariffs tend to allow higher BS&W 
limits (1 percent in most cases), the lower Canadian threshold becomes the constraining factor 
for diluted bitumen and other crude oils piped into the United States from Canada. 

Data specifically on the water content of pipeline shipments are difficult to obtain (as 
distinguished from data on combined water and sediment volumes). Nevertheless, because the 
Canadian tariffs are generally more restrictive than those in the United States, it can be inferred 
that shipments of Canadian crude oils, including diluted bitumen, do not contain more water than 
other crude oils transported in U.S. transmission pipelines. In the case of sediment, any amounts 
measured in diluted bitumen are likely to derive from the bitumen, since the diluents are largely 
free of sediment (as shown in Table 3-2). Some sediment sampling data are available to compare 
diluted bitumen with other Canadian crude oils. Figure 3-7 shows the average sediment levels for 
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FIGURE 3-7 Average sediment content for nine diluted bitumen blends and 10 light, 
medium, and heavy Canadian crude oils. [Data obtained from CrudeMonitor.com by Crude 
Quality, Inc. (http://www.crudemonitor.ca/condensate.php?acr=SLD; 
http://www.crudemonitor.ca/crude.php?acr=SYN). Accessed March 1, 2013.] 
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nine diluted bitumen blends and 10 light, medium, and heavy Canadian crude oils. Average 
sediment levels range from 18 to 265 parts per million by weight (ppmw) for the diluted bitumen 
and from 98 to 322 ppmw for the selection of Canadian crude oils.2 Sediment quantities in this 
general range (<500 ppmw) will constitute less than 0.05 percent of the crude oil stream. The 
comparisons suggest that shipments of diluted bitumen contain sediment levels that are within 
the range of other crude oils piped into the United States. 

Other characteristics of entrained sediments, such as the size, shape, mass, and hardness 
of solid particles, are seldom measured in pipeline shipments or reported in standard crude oil 
assays. Particle size is a potentially important factor in the tendency of sediments to clog pumps 
and other pipeline equipment and settle to the pipe bottom to form sludge. The shape, mass, and 
hardness of solid particles in sediment can also affect the potential for internal erosion. 

While data on physical properties are limited, some values for particle size and other 
prope1ties have been reported in laboratory studies of diluted bitumen and other crude oils. 
Figure 3-8 shows the particle size distribution of solids in diluted bitumen as measured by 
Mcintyre et al. (2012). Median pa1ticle size was 0.1 micron (µm) and rarely exceeded 1 µm. 
Other data indicate that the distribution of paiticle size observed by Mcintyre et al. (2012) is well 
within the range of other crude oils shipped by pipeline. The Canadian Crude Quality Technical 
Association (CCQT A) has spot sampled the desalter effluent from three refineries in Canada and 
the United States. The effluent was derived from crude oils other than diluted bitumen. The 
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FIGURE 3-8 Particle size distribution of solids in diluted bitumen. (Source: Mcintyre et al. 
2012.) 

24 Most contaminants are expressed as parts per million (ppm), which is I milligram per kilogram for weight (noted as I ppmw) 
or I milligram per liter for volume (noted as I ppmv). 1,000 ppmw = 0.1 percent of weight. 
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pmiicle size distributions from these samples are shown in Table 3-5. The median particle sizes 
for the samples ranged from about 0.4 to 1.6 µm, higher than the median particle size reported 
for the diluted bitumen sampled by Mcintyre et al. (2012). 

31 

CCQTA data on the nature of solids filtered from five diluted bitumen and two heavy 
crude oil samples show median pmiicle sizes that are comparable across the samples, ranging 
from 1.0 to 2.4 microns for four of the five diluted bitumen samples and from 1.9 to 2.3 microns 
for the two heavy crude oil samples.25 The fifth diluted bitumen sample had a median particle 
size of 5.6 microns. The maximum particle sizes in the five diluted bitumen samples ranged from 
11 to 92 microns, while the maximum value for the two heavy crude oils was 33 microns. 
Data are more limited for characterizing the shape, mass, and hardness of solids in diluted 
bitumen and other crude oils. As noted earlier, the sand grains in unprocessed bitumen contain 
hard silicate minerals such as quartz, feldspar, and mica, in addition to the softer minerals found 
in clay fines (Strausz and Lown 2003, 31-32). However, the in situ-produced bitumen that is 
processed and diluted for pipeline transpo1iation does not contain the same high levels of sand, 
clay fines, and other sediments found in bitumen in its native state. Mcintyre et al. (2012) 
repo1ied that about 1 percent of the solids in sampled diluted bitumen consisted of quartz, while 
clay materials (16 percent) and hydrocarbon and coke-like materials (83 percent) accounted for 
the remainder. X-ray diffraction analysis of the solids in the five diluted bitumen and two heavy 
oil samples taken by CCQTA indicate that silicate particles are more abundant in the solids of 
diluted bitumen (accounting for 13 to 45 percent of crystalline solids) than in the solids of other 
heavy crude oils sampled (accounting for 5 to 8 percent of crystalline solids).26 However, the 
five diluted bitumen samples did not contain high levels of sediment, with none exceeding 350 
ppmw (0.035 percent). 

TABLE 3-5 Size Distribution of Solid Particles Obtained from Refinery Effluent for Crude 
Oils Other Than Diluted Bitumen 

Refinery A Refinery B Refinery C 

Particle Sample Sample Sample Sample Sample Sample Sample Sample Sample 
Size (µm) 1 2 3 4 5 1 2 

.., 
I .:> 

Mean 0.85 1.1 1.13 0.74 1.14 2.67 1.23 0.82 0.98 

Mode 0.32 0.31 0.28 0.33 0.39 2.33 0.26 0.53 0.54 

Median 0.66 0.86 0.76 0.49 0.81 1.61 0.8 0.43 0.84 

Minimum 0.13 0.17 0.13 0.06 0.13 0.06 0.1 0.07 0.15 

Maximum 3.38 4.5 9.74 4.0 6.55 21.59 13.3 17.7 4.64 
Standard 
deviation 0.55 0.76 1.05 0.67 0.9 3.09 1.3 1.36 0.6 
SOURCE: Data provided by CCQT A and derived from Oil Sands Bitumen Processability Project. Presented to the 
committee on October 23, 2012 (http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux 102312.pdt). 

25 
Data obtained from the CCQTA Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 

(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux I 02312.pdf). 
26 

Data obtained from the CCQTA Oil Sands Bitumen Processability Project. Presented to the committee on October 23, 2012 
(http://onlinepubs.trb.org/onlinepubs/dilbit/SegatoLimieux I 02312.pdf). According to the CC QT A representative presenting the 
data, X-ray diffraction analysis does not measure the noncrystalline solids, which can account for 30 percent or more of the solids 
of sediment. 
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Other Properties 

Pipeline tariffs in Canada and the United States generally do not contain specifications for 
shipment properties apart from those discussed above, although crude oil producers and refiners 
may have private agreements that specify qualities such as acidity and sulfur content. Table 3-6 
shows the acidity and sulfur content for several sampled Canadian heavy crude oils and diluted 
bitumen blends. 

The acidity of crude oil is generally referenced by using total acid number (TAN), a 
measure of the amount (in milligrams) of potassium hydroxide (KOH) needed to neutralize the 
acid in a gram of oil. TAN usually increases with the extent of oil biodegradation and generally 
is in the range of 0.5 to 3.0 for heavy oils (Strausz and Lown 2003, 430). Although it overlaps 
with the range of TANs found in heavy Canadian crude oils (as shown in Table 3-6), the range of 
acid content in diluted bitumen blends is generally higher than the range in other crude oils 
because of the greater biodegradation of the natural bitumen and resulting concentrations of 
high-molecular-weight organic acids. 

The type of acid in diluted bitumen is more impotiant to pipeline operators than total acid 
content. High-molecular-weight organic acids, such as naphthenic acids, are stable in the 

TABLE 3-6 Sulfur and Total Acid Content in Sampled Canadian Heavy Crude Oils and 
Diluted Bitumen Blends 

Total Sulfur 
(percentage by weight) TAN (mg KOH/g oil) 

Canadian Heavy Crude Oils 

Fosterton 3.26 0.2 

Llovdminster Blend 3.56 0.82 

Lloydminster Kerrobert 3.12 0.92 

Western Canadian Select 3.51 0.94 

Diluted Bitumen Blends 

Albian Heavy Synthetic 2.5 0.57 

Access Western Blend 3.93 1.72 

Black Rock Seal Heavy 4.32 1.72 

Cold Lake 3.75 0.99 

Christina Lake 3.79 1.53 

Peace River Heavy 5.02 2.5 

Smiley-Coleville Heavv 2.97 0.98 

Statoil Cheecham Blend 3.69 1.77 

Surmount Heavy Blend Synbit 3.02 1.38 

Western Canadian Blend 3.1 0.82 
SOURCE: TAN data obtained from CrudeMonitor.com by Crude Quality, Inc. 
(http://www.crudemonitor.ca/condensate.php?aci=SLD; http://www.crudemonitor.ca/crude.php?aci=SYN). Sulfur 
data obtained from Enbridge 
(http://www.enbridge.com/DeliveringEnergy/Shippers/-/media/www/Site%20Documents/Delivering%20Energy/20 
12CrudeCharaceristics.ashx). Accessed March I, 2013. 
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pipeline transportation environment. These acids have boiling points higher than water and do 
not react at pipeline operating temperatures. Although the organic acids can be corrosive to 
metals used in refineries processing crude oils at temperatures above 300°C (570°F), they are not 
corrosive to steels at pipeline temperatures (Nesic et al. 2012). This distinction is discussed 
further in Chapter 5. 

The Canadian heavy crude oils and diluted bitumen contain 2.5 to 5 percent sulfur by 
weight. Whereas condensate and synthetic crude oils are largely free of sulfur (as shown in Table 
3-2), natural bitumen contains 4 to 6 percent sulfur. As described earlier, most of the sulfur in 
bitumen is bound in stable hydrocarbon structures. Sulfur levels in the 2.5 to 5 percent range, as 
found in processed bitumen diluted for transportation, are high for light- and medium-density 
crude oils but not unusual for heavy crude oils. While high sulfur content in crude oil is generally 
undesirable for refining, it is problematic for transmission pipelines mainly if it exists in surface
active compounds and hydrogen sulfide (H2S). H2S is a weak acid that is corrosive to pipelines 
for reasons explained in Chapter 5. Available test data on the H2S content in crude oil indicate 
lower levels in diluted bitumen (less than 25 ppmw in liquid phase) than in other crude oils of 
various densities (Figure 3-9). 
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FIGURE 3-9 H2S content of diluted bitumen and other crude oils. (H2S is measured in 
liquid phase by using ASTM Test Method 5263. H2S remains in a liquid state in pipelines 
because the partial pressures of operating pipelines are below the bubble point.) (Data submitted 
to the committee on November 13, 2012, by the Pipeline Sour Service Project Group of 
CCQTA.) 
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Shipment Properties and Operating Parameters Reported by Operators 

For additional data on the transport properties of diluted bitumen, the committee prepared a 
questionnaire for the Canadian Energy Pipeline Association (CEPA). CEPA distributed the 
questionnaire to member companies that regularly transp01i diluted bitumen by transmission 
pipeline. The questionnaire and responses from five Canadian operators are provided in 
Appendix A. A summary of the operator responses on the prope1iies of diluted bitumen is 
provided in Table 3-7. All of the reported values for BS&W, H2S, sulfur, density, TAN, and 
operating temperature are within the ranges provided in the preceding tables and figures. 

With respect to the pipeline flow regime, the surveyed pipeline operators repo1ied 
average flow velocities of 0.75 to 2.5 meters per second (2.5 to 6.7 feet per second) in 
transmission pipelines that mostly range in diameter from 20 to 42 inches but that include some 
mileage consisting of pipe having smaller (8 inches) and larger (up to 48 inches) diameters. 
Without knowledge of the pipe diameter associated with each reported flow velocity, the 
resulting flow cannot be verified as turbulent. In general, flow velocities ranging between 0.75 
and 2.5 meters per second would be expected to maintain turbulent flow in pipelines ranging 
from 8 to 48 inches in diameter when they transport crude oils with the range of viscosities (113 
to 153 cSt at 20°C) reported for the diluted bitumen and other heavy crude oils shown in 
Table 3-4. 

The committee asked pipeline operators for information on the content of oxygen and 
carbon dioxide in shipments because these dissolved gases can be an impo1iant factor in the 
corrosion of pipe steel, for reasons explained in Chapter 5. Pipeline operators do not routinely 
measure oxygen and carbon dioxide concentrations in crude oil shipments because of the 
difficulty associated with sampling and detecting these gases. Neve1iheless, the operators 
rep01ied that because diluted bitumen and other crude oils enter the pipeline system deaerated, 
there should be no significant difference in the concentrations of oxygen and carbon dioxide gas 
in products transp01ied in the same pipelines. Operators also reported that as a general matter 
they aggressively seek to limit avenues for air entry into the pipeline at all times, including 
periods of storage and blending and pumping operations. 

TABLE 3-7 Properties and Operating Parameters of Diluted Bitumen Shipments 
R t db F. C d" p· r 0 t epor e 1y !Ve ana tan 1pe me 'pera ors 

Range of Lowest and Highest Highest 
Reported Values in Reported Reported 

Property or Parameter Unit Avera2es Normal Ran2es Extremes 
BS&W Volume percent 0.18to0.35 0.05 to 0.40 0.50 

HzS ppmw <0.50 to 6.77 <0.50 to 11.0 11.0 

Sulfur Weight percent 3.10 to 4.00 2.45 to 4.97 5.20 

Density API gravity 19.8 to 22.1 19.0 to 23.3 23.3 

TAN mg KOH/g 1.00 to 1.30 0.85 to 2.49 3.75 

Operating temperature oc (oF) 10 to 27 (50 to 81) 4 to 43 (39 to 109) 50 (122) 

Flow rate feet/second 2.5 to 6.7 0.5 to 8.2 8.2 

Pressure psi 430 to 930 43.5 to 1,440 1,440 

NOTE: Operators reported that oxygen and carbon dioxide concentrations are not routinely measured in shipments of 
crude oil. See Appendix A for complete survey results. 
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SUMMARY 

The bitumen impmted into the United States is produced from Canadian oil sands. The bitumen 
is both mined or recovered in situ by using thermally assisted techniques. Because a large share 
of the bitumen deposits is too deep for mining, in situ recovery accounts for an increasing 
percentage of production. Because mined bitumen does not generally have qualities suitable for 
pipeline transportation and refinery feed, it is processed in Canada into synthetic crude oil. 
Bitumen recovered through use of thermally assisted methods has water and sediment content 
that is sufficiently low for long-distance pipeline transportation. The bitumen imported for 
refinery feed in the United States is recovered through in situ methods rather than mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a large concentration 
of asphaltenes and other complex hydrocarbons that give bitumen its high density and viscosity. 
At ambient temperatures, bitumen does not flow and must be diluted for transpmiation by 
unheated pipelines. The diluents consist of light oils, including natural gas condensate and light 
synthetic crude oils. Although the diluents consist of low-molecular-weight hydrocarbons, 
diluted bitumen does not contain a higher percentage of these light hydrocarbons than do other 
crude oils. The dilution process yields a stable and fully mixed product for shipping by pipeline 
with density and viscosity levels in the range of other crude oils transported by pipeline in the 
United States. 

Shipments of diluted bitumen are transported at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity. Water and sediment 
content conforms to the Canadian tariff limits, which are more restrictive than those in U.S. 
pipeline tariffs. Solids in the sediment of diluted bitumen are comparable in quantity and size 
with solids in other crude oils transported by pipeline. While the sulfur in diluted bitumen is at 
the high end of the range for crude oils, it is bound in stable hydrocarbon compounds and is not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher total acid content than many 
other crude oils because of relatively high concentrations of high-molecular-weight organic acids 
that are not reactive at pipeline temperatures. 
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Review of Pipeline Incident Data 

T his chapter reviews U.S. and Canadian pipeline incident statistics and investigations for 
insight into whether transmission pipelines experience more releases when they transport 

diluted bitumen than when they transport other crude oils. 

U.S. AND CANADIAN INCIDENT DATA 

The Pipeline and Hazardous Materials Safety Administration (PHMSA) requires that all 
regulated pipeline operators report unintended releases that meet certain thresholds of release 
quantities or impact severity. PHMSA tracks and analyzes these reports to inform its inspection, 
investigation, and enforcement activities. 1 PHMSA inspectors also conduct more in-depth 
investigations of selected incidents. Incidents involving especially severe consequences, such as 
deaths, injuries, evacuations, and environmental damage, may also be investigated by the 
National Transportation Safety Board (NTSB). Through field and forensic investigations, NTSB 
assesses both causal and contributing factors and recommends preventive and follow-up actions, 
including regulatory responses.2 The National Energy Board (NEB) and Transpmiation Safety 
Board (TSB) serve similar functions, respectively, for incidents involving pipelines in Canada. 
PHMSA and NEB incident statistics and investigations, as well as relevant investigations by 
NTSB and TSB, are reviewed next. 

PHMSA Incident Data and Investigations 

PHMSA regulations require that operators of hazardous liquid pipelines, which include crude oil 
pipelines, repo1i any incident that involves a release of 5 gallons or more or explosion, fire, 
serious injury, or significant property damage.3 Incidents that involve any component of the 
pipeline facility, including line pipe, tanks, valves, manifolds, and pumps, must be reported. A 
short repo1iing form is required for notifying the agency of small releases, and a longer form is 
required for larger releases and any release into water exceeding 5 gallons. Before 2002 the 
threshold for reporting releases was 50 barrels. The reporting changes make comparisons of 
recent release data with historical performance difficult. A further complication of the reporting 
system is that while PHMSA reporting covers most crude oil pipelines, there are exceptions to 
coverage, such as some intrastate pipelines and gathering systems. 

The number of incidents repo1ied for regulated crude oil pipelines during 2002 to 2011 is 
shown in Figure 4-1. During the 10-year period, the number of large incidents fluctuated from 
about 80 to 120 per year. Total releases trended downward from about 190 to 150 per year, with 
small releases accounting for between one-third and one-half of the total. System components 
involved in the releases are shown in Figure 4-2. Main-line pipe and tanks were involved in 

1 
More discussion of PHMSA safety oversight programs can be found in Appendix B. 

2 
NTSB recommendations pertaining to PHMSA's pipeline safety authorities can be found at 

http://www.phmsa.dot.gov/pipeline/regs/ntsb. 
3 

49 CFR 195.50. 

37 

020742



38 Special Report 31 I: Effect of Diluted Bitumen on Crude Oil Transmission Pipeline 

about one-third of the incidents, while all other equipment, such as pumps, valves, and fittings, 
accounted for the rest. A generalization that can be made is that the larger releases tend to be 
associated with main-line pipe, and sometimes with tanks, whereas the other system components 
tend to experience smaller releases on average. For 2002 to 2012, the pattern ofreleases by 
system component and cause is shown in Figure 4-3 and Table 4-1. The causal distribution 
differed by component. For main-line pipe, internal corrosion was the cause of about one-third of 
releases, while external corrosion and outside force damage accounted for most of the remainder. 
For most other pipeline components, incorrect operation and malfunctioning equipment were the 
main causes of incidents. Most of the corrosion-related incidents reported to PHMSA occurred in 
pipes and pumps. Main-line pipe was the dominant location for external corrosion. Whereas 
main-line pipe also accounted for about one-third of incidents involving internal corrosion, more 
of these incidents occurred in pumps. 

Each year, PHMSA inspectors select as many as two dozen pipeline incidents for more 
thorough investigation on the basis of the severity of the consequences, the nature of the 
suspected failure modes, and the incident and compliance history of the pipeline system 
involved. The investigations normally consist of site visits, forensic tests, interviews with 
operating personnel, and reviews of operator records. Since 2005, PHMSA has conducted 63 
investigations of natural gas and hazardous liquid pipelines, including I 4 incidents involving 
onshore crude oil transmission pipelines.4 The latter incidents are referenced in Table 4-2. In the 
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FIGURE 4-1 Crude oil pipeline incidents reported to PHMSA, 2002 to 2011. (Incident data 
were provided to the committee by PHMSA during the October 23, 2012, committee meeting.) 

4 
http://phmsa.dot.gov/pipeline/Iibrary/failure-reports. 
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FIGURE 4-2 Crude oil pipeline incidents reported to PHMSA by system component 
involved, 2002 to 2012. [Data were obtained from analysis of PHMSA data from the 
Environmental Impact Statement of TransCanada XL permit application (U.S. Department of 
State 2013, Volume IV, Appendix K).] 

39 

two cases found to have involved internal corrosion, factors other than the properties of the crude 
oils transported were cited as causes. In three other cases, investigators rep011ed that internal 
pressure cycles and associated stress loadings may have contributed to the formation and growth 
of cracks initiated at sites of external corrosion. 

Apart from providing some examples of possible failures related to the transpo1ted 
product, the PHMSA investigations do not provide evidence that pipelines transporting diluted 
bitumen are more susceptible to release. In the next chapter, the chemical and physical prope1ties 
of diluted bitumen are examined to deduce possible susceptibilities to pipeline damage. 
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FIGURE 4-3 Crude oil pipeline incident reports to PHMSA by cause of release and system 
component involved, 2002 to 2012. (Source: U.S. Depaitment of State 2013, Volume IV, 
Appendix K.) 

TABLE 4-1 Crude Oil Pipeline Incident Reports to PHMSA by Cause of Release and 
S C I l d 2002 2012 ;ystem omponent nvo ve , to 

Reports of Pipeline Releases to PHMSA, 2002-2012 

Unspecified 
Pipe Tanks Valves Pumps Component Total 

Weather or natural force 10 10 0 29 20 69 

Incorrect operations 5 16 1 80 58 160 

Outside force 80 0 2 17 11 110 

Equipment malfunction 1 29 17 491 1 539 

Manufacture or construction 31 7 I 67 41 147 

Unspecified corrosion I I 0 0 191 193 

Internal corrosion 103 7 3 165 3 281 

External corrosion 82 7 0 23 0 112 

Unspecified cause 8 16 1 37 22 84 

Total 321 93 25 909 347 1,695 
SOURCE: U.S. Department of State 2013, Volume IV, Appendix K. 
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TABLE4 2 PHMSAC d 0·1p· r I "d j - ru e I 1pe me llCI ent I nvest1gahons, 2005 to 2012 
Date of Commodity System Attributed 
Failure Operator Location Released Component Cause Summary 

7-in. main- Sand and saltwater 

4/12/05 
Jayhawk Stevens, 

Crude oil line pipe 
Internal collected in a low point 

Pipeline Kansas 
section 

corrosion in the pipeline, resulting 
in corrosive conditions. 
Weld seams did not fuse 

Enbridge Clark 24-in. main-
during pipe manufacture. 

111107 Energy County, 
Crude oil 

line pipe 
Defect in The defect grew to a 

Partners Wisconsin 
from Canada 

section 
manufacture critical size by fatigue 

from operating pressure 
cycles. 
Pipe was transported to 
the construction site on 

Enbridge 34-in. main-
rail cars, causing fatigue 

11/13/07 Energy 
Clearbrook, Crude oil 

line pipe 
Defect in cracks from cyclical 

Partners 
Minnesota from Canada 

section 
manufacture loading. Pressure cycling 

during operations may 
have caused the cracks to 
_grow to failure. 
The combined loading of 

Mid-
12-in. the branch connection, 

2/18/09 Valley 
Cygnet, 

Crude oil 
branch Material valve, 

Ohio connection failure and flanging caused the 
Pipeline 

to main line branch attachment to 
crack at the weld. 

Enbridge 26-in. main-
A sleeve installed 20 

Gowan, Crude oil Material years earlier to repair a 
619109 Energy 

Minnesota from Canada 
line pipe 

failure pipe split opened at a 
Partners section 

deficient weld. 
Cap screws on a stainless 

Crude oil Meter Material 
steel pressure switch 

12/23/09 
Enterprise Galveston, 

from station failure in a 
failed because of 

Products Texas 
offshore component fitting 

hydrogen-assisted 
cracking promoted by 
galvanic corrosion. 
Internal corrosion 

Mid- Gregg Tank farm 
Internal 

occurred in a dead-leg 
3/1/10 Valley County, Crude oil manifold 

corrosion 
section of pipe with no 

Pipeline Texas piping flow during normal 
operations. 
An electric charge 

Chevron 
Salt Lake 10-in. main- Outside jumped from a metal 

6/11/l 0 
Pipe Line 

County, Crude oil line pipe force fence to the pipe, 
Utah section damage creating a 0.5-in. hole in 

the top of the pipe. 

Suncor 
Operating personnel did 

6/14/10 Energy 
Laramie, 

Crude oil 
Breakout Incorrect not respond to an alarm 

Wyoming tank operation indicating tank capacity 
Pipeline had been reached. 

(continued) 
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TABLE4 2 ( - con znue d) PHMSA C d O'I p· r I . d t I ru e I 1pe me DCI en f f nves 1 ~a JOOS, 2005 t 2012 0 

Date of Commodity System 
Failure Operator Location Released Component 

Crude oil 22-in. main-
11/16/10 Shell Vinton, 

from line pipe Pipeline Louisiana 
offshore section 

Salt Lake 
Valve used 

12/1/10 
Chevron 

County, 
Crude oil for water 

Pipe Line 
Utah 

(condensate) injection in 
main line 

10-in. main-

Chevron 
Plaquemine Crude oil line pipe 

1/26/11 
Pipe Line 

s Parish, from section at 
Louisiana offshore river 

crossing 

8-in. pipe 
- Enterprise Cushing, within 

2/21/11 Crude oil 
Products Oklahoma tenninal 

area 

ExxonMo 
Laurel, 

12-in. main-
7/1/11 bil 

Montana 
Crude oil line pipe 

Pipeline section 
SOURCE: PHMSA's pipeline failure investigation reports can be found at 
http://phmsa.dot.gov/pipeline/library/failure-reports. 

NEB Incident Statistics 

Attributed 
Cause Summary 

The coating disbonded at 
a bend in the pipe 
allowing the onset of 

Material corrosion. Cyclical 
failure loading due to normal 

batch operations may 
have contributed to crack 
growth. 
Water was not properly 
drained from the valve. 

Incorrect Internal pressure brought 
operation on by freezing water 

caused the valve 
connection to leak. 
The pipeline was being 
lowered while in service. 

Excavation 
Stress concentrations 

damage 
from the procedure 
caused fracturing in an 
area with preexisting 
dents. 
Personnel purging a pipe 
failed to shut down the 
pump, which resulted in 

Incorrect 
the delivery being 
pumped against a closed 

operation 
valve, causing a pipe 
with preexisting 
manufacturing defects to 
fail. 

Outside River flooding 
force caused debris to strike 

damage and rupture the line. 

NEB regulates interprovincial pipelines in Canada. The regulated network consists of 11,000 
miles of crude oil pipeline, nearly all of which are in transmission systems. Regulated operators 
must file an "accident" record if a pipeline facility experiences a fatal or serious injury, fire, or 
explosion due to a release; any other damage to the pipeline that causes a release; and any form 
of outside force damage, even if it does not lead to a release. In addition, operators are required 
to file an "incident" repo1i in the event of an uncontrolled release, operations that exceed design 
limits, an abnormality that reduces structural integrity, or a shutdown for safety reasons. These 
reported incidents do not necessarily involve releases. 

020747



( 

Review of Pipeline Incident Data 43 

From 2004 to 2011,5 NEB received 12 accident reports and 292 incident reports 
involving crude oil transmission pipelines (TSB 2012, Table 5). Of the 292 incidents involving 
pipeline integrity issues-such as internal and external degradation--cracks accounted for the 
largest share, almost 30 percent (see Figure 4-4). Metal loss, mainly from corrosion, was 
reported in 16 percent of incidents. Of the 12 accident reports, one involved combined corrosion 
and cracking (stress corrosion cracking), as discussed in more detail below. 

NTSB and TSB Investigations 

The main transportation safety investigative bodies in the United States and Canada are NTSB 
and TSB, respectively. Although their pipeline investigations are thorough, they are infrequent 
and selective. For example, over the past decade NTSB has investigated fewer than a dozen 

Outside 
interference 

8% 

Metal loss 
16% 

Other causes 
3% 

Material, 
manufacturing, 
or construction 

deficiency 
22% 

Cracks 
30% 

FIGURE 4-4 Causes of crude oil transmission pipeline incidents reported to NEB, 2004 to 
2011. (Source: TSB 2012, Table 5.) 

5 Before 2004, the definition of reportable incident used by NEB was different from that used today. The reporting change makes 
longer-term trend analysis less meaningful. 
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pipeline incidents, most involving pipelines carrying volatile commodities such as natural gas 
and refined products.6 The investigations are helpful in understanding factors that can interact to 
cause pipeline damage and failures, but they produce limited information useful in assessing the 
effect of specific crude oil types or crude oil properties on pipeline release probabilities. 

In 2012, NTSB completed an investigation of a pipeline failure in which diluted bitumen 
was reported to have been released. The incident involved a 30-inch transmission pipeline that 
ruptured and released 20,000 barrels of product into a river near Marshall, Michigan (NTSB 
2012). The investigators determined that the cause of the rupture was cracks that had formed in a 
corrosion pit on the outside of the pipe under a disbanded polyethylene tape coating. The cracks 
coalesced and grew as a result of stresses on the pipe, a process known as environmentally 
assisted cracking (EAC), which is described in more detail in Chapter 5. The Marshall release 
attracted considerable attention because of the consequences of the release and the actions of the 
operator. However, NTSB did not report that specific properties of the products transported 
through the pipeline at the time of the event or in the past had caused or contributed to the 
pipeline damage. 

As noted above, one of the 12 crude oil pipeline accidents repmted to NEB since 2004 
involved a corroded and cracked pipeline. This release, which occurred in 2007, was investigated 
by TSB.7 The release was from a 34-inch transmission pipeline originating in Alberta and 
transporting crude oil to the United States (TSB 2007). A forensic analysis of the ruptured pipe 
joint detected a shallow corrosion pit at a weld on the outside of the pipe that led to a stress 
corrosion crack, which eventually spread and fractured the pipe. TSB investigators determined 
that the polyethylene tape coating had tented over the weld, shielding the pipe from the 
beneficial effects of the cathodic protection current. 8 The corrosion pit that developed because of 
the tape failure became a stress concentration site where cracks formed and grew. TSB noted that 
2 years earlier the operator had converted the pipeline to batch operations and surmised that this 
operational change may have contributed to crack growth as a result of more cyclic stress 
loadings from internal pressure fluctuations. Whether specific varieties of crude oil in the stream 
had properties that contributed to more severe pressure cycling was not repo1ted by TSB. 

A review of other NTSB and TSB investigations over the past decade did not indicate 
any cases in which specific crude oil types or shipment properties were associated with causes of 
pipeline damage or failure. 

Assessment of Information from Incident Reports 

The causes of pipeline incidents repmted to PHMSA are proximate and broadly categorized. 
Incidents categorized as corrosion damage, for example, do not distinguish among those 
occurring as a result of the action of microorganisms, in combination with stress cracking, or at 
sites of preexisting mechanical damage. Some types of damage, such as EAC, may be 
categorized alternatively as caused by corrosion, a manufacturing defect, or a material failure. 
Whereas NTSB and TSB investigations provide detailed information on factors causing and 

6 
NTSB pipeline investigation reports are available at http://www.ntsb.gov/investigations/reports_pipeline.html. 

7 
NEB may conduct its own investigations ofa reported incident to ensure that safety regulations are being followed and to 

determine the need for remedial actions. 
8 

When the tape disbonds from the pipe steel, moisture can accumulate beneath the tape surface. Because the tape has fairly high 
electrical insulation prope11ies, it can prevent cathodic protection current from reaching the exposed steel subject to corrosion. 
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contributing to pipeline releases, the investigations are too few in number to assess the causal 
effects of specific crude oil types and their prope1ties. 

Because of the potentially large number of factors associated with a given release, it is 
often difficult to isolate the role of any single causative factor, such as the effect of the specific 
crude oil being transported on time-dependent mechanisms such as corrosion and cracking. 
Sources of pipeline damage affected by the crude oils transp01ted, either at the time of the 
release or in earlier shipments, are most pertinent to this study. Neither PHMSA nor NEB 
incident data contain informationon the types of crude oils transported or the prope1ties of past 
shipments in the affected pipeline. 

STATE AND PROVINCIAL INCIDENT DATA 

Some U.S. states and Canadian provinces maintain reporting systems for incidents in intrastate 
and intraprovincial pipeline systems, including gathering lines. The Energy Resources 
Conservation Board (ERCB) holds this responsibility in Alberta. In the United States, several 
state regulators have authority over intrastate pipelines, including the state fire marshal of 
California. Pipeline incident data and analyses derived from both of these jurisdictions were 
considered. 

Alberta ERCB Incident Data 

45 

The Albe1ta ERCB regulates and monitors the safe performance of oil pipelines in the province, 
with the exception of approximately 700 miles of NEB-regulated transmission pipeline crossing 
into other provinces and the United States.9 ERCB mandates reporting of all pipeline incidents 
involving a release or damage from an outside force. In 2007, the agency reviewed the causes of 
411 crude oil pipeline incidents repo1ted from 1990 to 2005 (EUB 2007). The ERCB analysis 
showed that the largest single cause was internal corrosion, which the agency ascribed to the 
effects of the large percentage of gathering pipelines in the province. These small-diameter lines 
were described as susceptible to internal corrosion because of repeated low-flow conditions; 
frequent stopping and idling of movements; and the mixture of raw crude oil, gases, sediments, 
and waters carried from production fields (EUB 2007, 30). About 29 percent of the roughly 
11,000 miles of ER CB-regulated pipeline mileage consisted of pipe with a diameter of 4 inches 
or less, and 73 percent had a diameter of 12 inches or less. Only about 1 percent of the mileage 
consisted of pipelines having a diameter of more than 22 inches. 

Although ERCB release statistics have at times been cited as evidence of a corrosive 
effect of diluted bitumen on pipelines (Swift et al. 2011), the regulated systems represented by 
these incident statistics are not comparable with transmission pipelines in size, operations, or, 
most important, contents. As a result, the committee concluded that the ERCB data were not 
useful for the purposes of this study. 

California Pipeline Safety Study 

Pipeline operators in California have a long history of transporting crude oils with physical 
properties similar to those of Canadian crude oils and diluted bitumen. Most of the oil from the 

9 The Energy and Utilities Board regulated pipelines in Albe11a until it was replaced in 2008 by ERCB. 
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San Joaquin Valley, for instance, has an American Petroleum Institute (API) gravity of 18 
degrees or less, with the Kern River field producing especially dense crude oil with an API 
gravity of about 13 degrees (Sheridan 2006). Like bitumen producers, California oil producers 
commonly use thermal recovery techniques, such as injecting steam through the wellbore, to 
reduce crude oil viscosity and facilitate pumping to the surface. Heavier California crude oils are 
often transported undiluted through heated pipelines. This is not the case for Canadian bitumen, 
which is diluted for transportation. 10 

California has nearly 3,300 miles of transmission pipelines subject to federal safety 
regulation. 11 In addition, the state contains 3,000 to 4,000 miles of state-regulated pipeline, most 
of it in gathering systems. Responsibility for regulating the safety of hazardous liquid pipelines 
in California is shared by PHMSA and the California State Fire Marshal (CSFM). 

In 1993, CSFM issued a repmi of the incident history of hazardous liquid pipelines in the 
state from 1981 to 1990 (CSFM 1993). The report examined releases from state and federally 
regulated lines, including those transpmiing refined petroleum products. Operators were required 
to submit records of releases during the period regardless of release quantity or consequences, 
along with information on pipeline diameter, length, age, operating temperature, and external 
coating type. Although the report is now 20 years old, its results have been cited as indicative of 
the potential effects of diluted bitumen on pipeline integrity (NRDC 2011 ). 

The CSFM study documented 502 releases from hazardous liquid pipelines in California 
during the IO-year period. Analyses of the incident records indicated that external corrosion was 
the leading cause of releases, accounting for 59 percent, followed by third-paiiy damage (20 
percent), equipment malfunctions (5 percent), and weld failures (4 percent). Internal corrosion 
accounted for 3 percent, while operator error accounted for 2 percent. 12 Crude oil pipelines 
generated 62 percent of total releases, including 70 percent of the releases attributed to external 
corrosion. 

While the CSFM study did not investigate each reported incident in depth, statistical 
analyses of the 502 records presented some patterns of interest. The age of the pipeline was 
correlated with a higher release rate. For example, 62 percent of the releases occurred in 
pipelines constructed before 1950, even though these lines accounted for only 18 percent of 
pipeline mileage. CSFM noted that many of the pipelines built in California during the first half 
of the 20th century lacked cathodic protection for most of their service lives, which suggests that 
the lack of cathodic protection, coupled with the absence of coatings or use of older coating 
materials, may have led to the high incidence of external corrosion relative to other failure 
causes. 13 The CSFM analysis revealed that 22 percent of the external corrosion incidents 
occurred in pipelines that were uncoated, and another 53 percent occurred in pipelines coated or 
wrapped with certain materials, most often asphalt and tar. 

One finding that stood out among pipelines experiencing external corrosion was the 
disproportionate number of small-diameter pipelines that were operating at relatively high 
temperatures. Operating temperature was highly correlated with external corrosion-more than 
half the releases from external corrosion occurred in the 21 percent of pipeline mileage in which 

10 As discussed in Chapter 2, California oil fields are served by transmission pipelines that connect to refineries elsewhere in the 
state. The transmission pipelines do not cross state borders. 
11 

Pipeline mileage by state is available at the following PHMSA website: 
http://primis.phmsa.dot.gov/comm/reports/safety/CA _detail I .html?nocache=9253# _ OuterPanel_ tab_ 5. 
12 

All other causes accounted for 7 percent of releases. 
13 

As is discussed in Chapter 5, some older coating technologies shield cathodic protection currents. 
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the operating temperature regularly reached or exceeded 55°C (l 30°F). In addition, a large 
portion of the pipelines experiencing external corrosion consisted of small-diameter pipe. 
Although they accounted for only 13 percent of pipeline mileage, pipelines with diameters of 
less than 8 inches accounted for 21 percent of external corrosion incidents. Larger pipelines, with 
diameters of 16 inches or more, accounted for 23 percent of mileage but only 6 percent of the 
external corrosion incidents. 

The preponderance of external corrosion incidents in smaller-diameter pipe and pipelines 
with high operating temperatures does not indicate that transmission pipelines contributed to the 
high rate of pipeline releases in California during the 1980s. Instead, the results suggest that 
older lines, many of which lacked modern coatings and cathodic protection for much of their 
operating history, were the main source of the releases. The high operating temperatures of many 
of these pipelines can be attributed to the thermal recovery methods used for California crude oil 
production. While the California experience illustrates the problems that can arise when 
pipelines are not properly protected against external corrosion, it is not indicative of the 
protections afforded crude oil transmission pipelines today .14 

SUMMARY 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to causes pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. One reason is that the causal categories in the 
databases lack the specificity needed to assess the particular ways in which transporting diluted 
bitumen can affect the susceptibility of pipelines to failure. Another reason is that incident 
records do not contain information on the types of crude oil transported and the properties of past 
shipments in the affected pipeline. Because many pipeline releases involve cumulative and time
dependent damage, there is no practical way to trace the transportation history of a damaged 
pipeline to assess the role played by each type of crude oil and its properties in transport. 

Incident repo1ting systems in Canada and the United States do not have uniform repo1ting 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in repo1ting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some reporting systems combine incident reports from oil gathering and 
transmission systems, while others do not. Variation in repo1ting coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 
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Assessing the Effects of Diluted Bitumen on Pipelines 

This chapter examines the main causes of pipeline failure and the physical and chemical 
properties of the transported crude oils that can affect each. The relevant properties of 

diluted bitumen and other crude oil shipments are compared to make judgments about whether 
transporting diluted bitumen increases the likelihood that a pipeline will fail. Consideration is 
then given to whether pipeline operators, in transporting diluted bitumen, alter their operating 
and maintenance procedures in ways that can inadve1tently make pipelines more prone to failure. 

The following sections examine the potential sources of failure in pipelines from (a) 
internal degradation, (b) external degradation, and (c) mechanical forces. Because it is exposed 
to the shipped liquid, the inside of the pipe is the most obvious location to look for possible 
sources of damage from shipments. Corrosion is the main cause of internal degradation in crude 
oil transmission pipelines, followed to a lesser extent by erosion. Although the outside of the 
pipeline is not in contact with the shipped liquid, pipeline operating conditions associated with 
the shipment can affect the exterior of a transmission pipeline. Corrosion and cracking are the 
main sources of external degradation that can be affected by these conditions. Mechanical 
damage to the pipeline from overpressurization and outside forces also can be affected indirectly 
by the liquid in the pipeline. 

SOURCES OF INTERNAL DEGRADATION 

Pipelines sustain internal damage primarily as a result of progressive deterioration caused by 
corrosion and erosion of the mild steel used to manufacture line pipe. Internal corrosion is an 
electrochemical process that typically causes damage to the bottom of the pipe when water is 
present. Erosion is a mechanical process that causes metal loss along the interior wall of the pipe 
because of the repeated impact of solid particles, particularly at bends and other areas of flow 
disturbance. Both forms of attack reduce pipe wall thickness and can penetrate the wall fully to 
cause leaks or decrease the strength of the metal remaining in the wall to produce a rupture. 
Internal corrosion is more prevalent than erosion in crude oil transmission pipelines. Both 
sources of internal pipeline damage are reviewed next, and the potential for diluted bitumen to 
affect their occurrence in crude oil transmission pipelines is assessed. 

Internal Corrosion 

The electrochemical process that causes iron in steel to corrode involves anodic and cathodic 
reactions. The main anodic reaction is the oxidative dissolution of iron. The main cathodic 
reaction is reductive evolution of hydrogen. The main species that contribute to a higher rate of 
corrosion are dissolved acid gases such as carbon dioxide (C02) and hydrogen sulfide (H2S) as 
well as organic acids. For the electrochemical reactions to occur, an ionizing solvent must be 
present, which in the pipeline environment is usually water. Salts, acids, and bases dissolved in 
the water create the necessary electrolyte. 

49 
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To prevent external corrosion, pipes are coated on the outside surface and cathodic 
protection is applied. In the case of internal corrosion, protecting the steel through the use of a 
coating or cathodic protection is impractical for various reasons. To prevent internal corrosion, 
therefore, pipeline operators try to keep water and other contaminants out of the crude oil stream 
and to design their systems so as to reduce places where any residual quantities can accumulate 
on the pipe bottom. They also use operational means to limit deposition, including maintenance 
of turbulent flow; periodic cleaning with pigs; and the injection of chemicals, called corrosion 
inhibitors, that disperse and suspend water in the crude oil and form a protective barrier on the 
pipe surface. 

When crude oil is pumped from the ground, it is accompanied by some water and varying 
amounts of C02 and H2S as well as certain organic acids. Crude oil producers try to minimize 
these impurities in delivering a stabilized product to the transmission pipeline, but eliminating 
them is prohibitively expensive. Transmission pipelines carrying crude oil therefore typically 
have some small amount of water and sediment (usually less than I percent by volume), and 
dissolved C02 and H2S will exist in even smaller quantities. Of interest to this study is whether 
diluted bitumen contains any more of these corrosive contaminants than do other crude oils or 
whether these contaminants are more likely to settle and accumulate on the bottom surface of 
pipelines transporting diluted bitumen. 

The various means by which water, sediment, dissolved gases, and other materials can 
cause internal corrosion of crude oil transmission pipelines are reviewed next. 

Water Deposition and Wetting 

Oil by itself is not corrosive to mild steel pipe in the temperature range in which transmission 
pipelines operate, which is typically well below 100°C. Water contact with the inside pipe wall is 
an essential precondition for internal corrosion. Pure water is not a significant source of 
corrosion when it acts alone. As discussed in more detail below, however, water in the presence 
of ce1iain dissolved contaminants, such as C02, H2S, and oxygen (02), will cause corrosion ifthe 
water is allowed to contact and wet the steel surface of the pipe. In theory, a pipeline carrying oil 
and a small amount of water will not experience internal corrosion if the water is dispersed and 
suspended in the oil rather than flowing as a separate phase in contact with the bottom of the 
pipe. The following factors can affect whether water falls out of the oil flow to cause water 
wetting of the steel surface: 

• Flow rate: When oil and water move through a horizontal pipeline at low flow rates, 
gravitational force will dominate turbulent forces and cause the water to flow as a separate layer. 
As the rate of flow increases, the turbulence energy of the flow will increase, causing the water 
to become gradually more dispersed and entrained in the oil. The turbulence will cause water to 
break up into smaller droplets, and it will keep these finer droplets suspended. 

• Water content: The more water present in the flow, the harder it becomes for the 
flowing oil to suspend all water droplets. Thus, water settles more readily when there is more of 
it in the pipeline stream. 

• Pipe diameter and inclination: Water is more difficult to keep entrained as the 
diameter of the pipeline increases as long as other parameters remain the same, including the 
flow rate and physical prope1iies of the crude oil. Pipe inclination has a comparatively small 
effect on the ability of oil to entrain water if the inclination is less than 45 degrees. 
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• Physical properties of the oil and water: The density and viscosity of water and oil 
play an important role in water entrainment and settling. In general, oils that have high density 
and viscosity are better able to entrain water than are lighter oils, in part because the density of a 
heavy oil will be close to that of water. Another impmiant physical property is the oil and water 
interfacial tension, or tendency of the water and oil to mix or separate. Interfacial tension is 
affected by the presence of surface-active substances naturally found in the crude oil as well as 
by surfactant chemicals that may be injected into the flow by the pipeline operator. 

• Chemical additives: Chemicals injected into the flow stream can significantly 
influence water entrainment, primarily by affecting interfacial tension. As explained in Chapter 
2, pipeline operators add corrosion-inhibiting chemicals to the oil stream to adsorb onto the steel 
surface and provide a protective layer against corrosion and water wetting. Another benefit of 
these additives is that they usually contain surface-active compounds that decrease oil and water 
interfacial tension so as to make it more difficult for water to separate from the oil flow. 
Conversely, chemical demulsifiers that are added to oil to remove water during processing before 
delivery to the pipeline can have the undesired effect of increasing the interfacial tension and 
thus causing easier separation of oil and water in the pipeline flow. Finally, the drag-reducing 
agents that are sometimes added by pipeline operators to enhance throughput can lower the 
ability of flowing oil to entrain water by dampening turbulence. 

Solids Deposition 

Solids in the crude oil stream settle to the pipe bottom for the same hydrodynamic reasons 
described above for water dropout. Typically the settled solids consist of a mix of inorganic and 
organic components. Sand, clay, detached scale, and corrosion products (such as carbonates and 
sulfides) are usually the main inorganic components of settled solids. Organic components 
commonly consist of asphaltenic and paraffinic compounds as well as other organic material 
formed by the action of microorganisms (Mosher et al. 2012; Friesen et al. 2012). The corrosive 
effect of microorganisms in pipeline deposits is discussed in more detail later in the section. 

When the flow rate and associated turbulence are low, solids can settle and accumulate, 
particularly at the bottom of horizontal lines. When no water is present, the deposition of solids 
can impede flow to create a flow assurance problem. When the solids settle with water, the mix 
is often referred to as sludge. A porous layer of settled solids can retard corrosion by water 
containing aggressive species, because the solids will cover part of the steel surface and make it 
harder for those species to reach the surface. However, a porous layer of solids can also impede 
access to the steel surface by corrosion-inhibiting chemicals. In this case, the internal surface of 
the pipe that is covered by a layer of solids may corrode faster than the rest of the surface not 
covered by solids but protected by the chemical inhibitors. This adverse effect can be 
compounded by an unfavorable galvanic coupling between the unprotected area covered by the 
solids and the surrounding areas that are chemically inhibited. 

The basic sediment and water (BS& W) content of a crude oil shipment, as described in 
the previous chapters, is a common measure of the amount of solids and water carried and can be 
used to predict the likelihood of deposit formation. Even when BS& W is very low (less than 0.5 
percent by volume) and the fluid velocity is relatively high(> 1 meter per second or >2 miles per 
hour), some accumulated solids and water may be found in low spots in the pipeline and in dead 
legs, where the flow rate is low or stagnant. Sludge deposits holding water containing the 
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dissolved gases, acids, and microorganisms discussed next are the source of a common form of 
localized internal corrosion commonly referred to as underdeposit corrosion. 

Corrosive Effect ofC02 

C02 dissolved in water can have a pa1ticularly corrosive effect in pipelines, as evidenced by the 
series of reactions that ensue (De Waard and Milliams 1975). Water containing dissolved C02 

that forms carbonic acid (H2C03) and wets the pipe surface leads to the dissolution of iron (Fe) 
from the pipe steel and the evolution of hydrogen (H2) from the water. This weak acid partially 
dissociates in water to produce the bicarbonate ion (HC03-) and protons (H); in water the protons 
are present as hydronium ions (H30+). Bicarbonate ions dissociate further to produce more 
hydronium ions and carbonate ions (CO/-). The hydronium ion is highly reactive as it seeks to 
obtain a missing electron from nearby species. In giving up electrons to hydronium ions, the iron 
atoms on the pipe surface are destabilized, and they dissolve in the water to form iron ions 
(Fe2+). By obtaining the resulting electrons, the hydronium ions are converted to dissolved 
hydrogen gas (H2). The corrosion by-product is iron carbonate (FeC03), which may deposit on 
the steel surface and be protective in some cases. 

Keeping C02 out of the crude oil stream is paiticularly impo1tant because the ensuing 
corrosion process can occur rapidly. The reason is that as the hydronium ions are consumed by 
the corrosion reaction, the carbonic acid dissociates fmther to replenish the reactive ions, which 
allows the corrosion process to continue at a fast rate. As long as there is sufficient C02 to 
produce the carbonic acid, the iron in pipe steel that is water wet will continue to corrode. The 
full series of chemical reactions involved in C02 corrosion is detailed in Box 5-1. 

Corrosive Effect of H2S 

H2S is another gas that may be present in the crude oil stream to create corrosive conditions 
inside pipelines when it is dissolved in water. Crude oil is often extracted with some amount of 
H2S. The concentrations in crude oil can be small [less than 100 paits per million (ppm) in the 
gas phase] or substantially larger. Other sulfur compounds in crude oil are less common, and 
they are typically soluble in oil rather than water, requiring high temperatures (>300°C) to 
become reactive (Nesic et al. 2012). Thus, their concentrations do not present a corrosion 
problem in transmission pipelines. 

The reactions that cause H2S to corrode pipe steel are generally similar to those described 
for C02. Like C02, H2S gas is soluble in water. As a weak acid, the dissolved H2S behaves in a 
manner similar to carbonic acid (H2C03) by providing a reservoir of reactive hydronium ions. 
An impmtant difference is that the layer of protective iron sulfide (FeS) always forms on the 
steel surface as a result of the reactions involving H2S. Experimental evidence indicates that H2S 
corrosion initially proceeds by adsorption of the H2S to the steel surface. This adsorption is 
followed by a fast surface reaction at the steel and water interface to form a thin (about 1 micron) 
film of the iron sulfide mackinawite (Wikjord et al. 1980). The formation of mackinawite is an 
important factor governing the corrosion rate because the surface film can create a barrier that 
impedes the ability of other species to reach the steel. Accordingly, corrosion due to other 
contaminants such as C02 can be reduced when small amounts of H2S (in the low ppm range in 
the gas phase) are present in crude oil. 
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Box 5-1 

C02 Corrosion of Mild Pipe Steel 

C02 gas dissolved in water forms a weak carbonic acid (H2C03): 
C02 + H2 0 ¢::} H2C03 

Carbonic acid partially dissociates in water to produce acidity [i.e., hydronium ions (H+); 
water is omitted for simplicity]: 

H2 C03 ¢::} H+ + HC03 

Further dissociation occurs in the bicarbonate ion (HC03-) to produce more H+ and form 
carbonate ions (Co/-): 

HC03 ¢::} H+ + co§-
The surface atoms of iron (Fe) in the steel will readily give up electrons to hydronium 
ions and dissolve into the water in the form of iron ions (Fe2+): 

Fe --7 Fe2+ + ze-
In obtaining the additional electron, the hydronium ion will form hydrogen gas (H2), and 
the reaction is complete. 

When the concentrations of the corrosion products in water (Fe2+ and C03
2- ions) exceed 

the solubility limit (typically at neutral and alkaline pH), they form solid iron carbonate 
on the surface of the steel: 

Fe2+ +co§-¢::} FeC03 (s) 

The layer of iron carbonate can become fairly protective and reduce the rate of 
underlying steel corrosion by blocking the surface and preventing the corrosive species 
from reaching it. 

53 

The rapid kinetics of mackinawite formation favor it as the initial product of H1S 
reactions. However, with time, and as H2S concentrations increase, mackinawite is less 
prevalent, and other forms of iron sulfide are seen, such as pyrrhotite. At high H1S 
concentrations, pyrite and elemental sulfur are formed. While layers of any iron sulfide will offer 
some corrosion protection, there is no well-defined relationship between the type of iron sulfide 
layer and the ensuing rate of corrosion. It is well understood that high H2S levels accompanied 
by elemental sulfur can lead to high rates of localized corrosion. However, elemental sulfur is 
usually associated with the production of natural gas with a high H2S content. For a crude oil to 
have similarly high H2S and elemental sulfur content would be unusual. 

Corrosive Effect of Oxygen 

Oxygen dissolved in water is undesirable in pipelines because it is highly reactive with iron. 
Corrosion generally becomes a problem when levels of dissolved oxygen reach those found in 
aerated surface water (typically about 8 ppm). Smaller amounts of oxygen (below 1 ppm) can 
become a problem when the oxygen reacts and impairs protective iron carbonate and iron sulfide 
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layers. In general, the water associated with oil production does not contain oxygen, and 
therefore such high concentrations are seldom observed in shipments of stabilized crude oil 
transported in pressurized pipelines with controlled air entry points. Oxygen may become 
elevated when air is introduced into the pipeline inadvertently. Air may be introduced during 
shutdowns for inspections and repairs. Chronic sources of air ingress, such as during injection of 
chemicals and in storage tanks holding liquids at atmospheric pressure, are potentially more 
problematic. Neve1iheless, how and why these air entry points would differ from one crude oil 
shipment to the next in the same pipeline facility are not evident. 

Corrosive Effect of Organic Acids 

Organic acids with low molecular weights are water soluble and thus present a significant 
corrosion threat when they are found in settled water that wets the steel surface of crude oil 
pipelines. A common representative of the family of water-soluble organic acids is acetic acid 
(CH3COOH). 1 Other low-molecular-weight organic acids that can lead to corrosion of mild steel 
include propionic and formic acids. These weak acids create a corrosion scenario similar to the 
one described for C02 attack, with the organic acid taking the place of carbonic acid. Much like 
carbonic acid, organic acids provide a reservoir of hydronium ions. Their corrosive effect is 
particularly pronounced at low pH and higher temperatures, when their abundance can increase 
corrosion rates dramatically. At a higher pH (>6), the corrosive effect of organic acids on mild 
steel is negligible, regardless of concentrations. 

Other organic acids found in crude oil-and notably in bitumen-are compounds with 
high molecular weight, which are often referred to as naphthenic acids. While these organic acids 
can be a significant corrosion threat at the high temperatures (>300°C) reached in refineries, they 
are not a threat to pipe steel because they are not soluble in water but are rather dissolved in the 
oil phase (Nesic et al. 2012). Accordingly, high-molecular-weight organic acids do not pose a 
corrosion threat to steel at pipeline temperatures. In some crude oils these acids may even have 
moderately inhibitive properties (Nesic et al. 2012). 

Effect of Microbiologically Influenced Corrosion 

The term microbiologically influenced corrosion (MIC) is used to designate the localized 
corrosion affected by the presence and actions of microorganisms (Little and Lee 2007). The 
types of damage that can be caused by these microorganisms are not unique, which means that 
MIC cannot be identified by visual inspection of the damage. Although MIC is discussed here 
with respect to internal corrosion, it can also contribute to corrosion on the outside of the pipe, as 
noted later. 

Microorganisms that cause MIC are bacteria, archaea, and fungi. Some occur naturally in 
crude oils, while others may be introduced as contaminants from air, sediment, and water. The 
temperature range in which these organisms can grow is that in which liquid water can exist, 
approximately 0°C to 100°C (32°F to 2 l 2°F) (Little and Lee 2007). However, individual groups 
of microorganisms have temperature optima, including sometimes narrow ranges, for growth. 
The temperature range over which transmission pipelines operate will therefore select for 
specific microorganisms, but it will not prevent microbial growth. 

1 
A household name for acetic acid is vinegar, which consists of2 to 3 percent acetic acid dissolved in water. 
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For microorganisms to grow and proliferate, they require not only liquid water but also 
nutrients and electron acceptors for respiration. Accordingly, how microorganisms use water, 
nutrients, and electron acceptors to grow and how they influence corrosion is explained, and 
consideration is then given to whether levels of any of these essentials are likely to be affected 
by diluted bitumen. 

Water Availability Microbial growth is limited by the availability of liquid water. Growth is 
therefore concentrated at oil-water interfaces and in the aqueous phase, including the water in 
deposits of sludge in pipelines. The volume of water required for microbial growth in 
hydrocarbon liquids is extremely small (Little and Lee 2007). Because water is a product of the 
microbial mineralization of organic substrates, microbial mineralization of hydrocarbon can 
generate the additional water needed for proliferation. 

55 

Nutrient Availability Microorganisms need suitable forms of carbon, nitrogen, phosphorus, and 
sulfur as nutrients (Little and Lee 2007).2 In oil pipelines, hydrocarbons can be degraded by 
aerobic or anaerobic processes to yield assimilable carbon. Aerobic degradation of hydrocarbons 
is faster than anaerobic degradation, with the rate depending on the specific electron acceptors 
used in the process. In general, the susceptibility of hydrocarbon compounds to degradation can 
be ranked as follows: linear alkanes, branched alkanes, small aromatics, and cyclic alkanes 
(Atlas 1981; Das and Chandran 2011; Perry 1984). As the chain length of alkanes increases, 
bacteria show decreasing ability to degrade these compounds (Walker and Colwell 1975). Some 
high-molecular-weight polycyclic aromatics may not be degraded at all (Atlas 1981 ). As a 
practical matter, however, carbon availability is often not the main constraint for crude oil 
biodegradation. Both nitrogen and phosphorus are required for microbial growth. Low 
concentrations of assimilable forms of these elements can limit biodegradation. 3 

Electron Acceptors Microorganisms can use a variety of electron acceptors for respiration. In 
aerobic respiration, energy is derived when electrons are transferred to oxygen, which is the 
terminal electron acceptor. In anaerobic respiration, a variety of organic and inorganic 
compounds may be used as the terminal electron acceptor, including sulfate, nitrate, nitrite, iron 
(III), manganese (IV), and chromium (VI) (Little and Lee 2007). Anaerobic bacteria can 
therefore be grouped on the basis of the terminal electron acceptor, such as sulfate-, nitrate-, and 
metal-reducing bacteria.4 In petroleum environments, the bacteria most often associated with 
MIC are sulfate reducers. In anaerobic environments, sulfate reducers produce H2S when they 
use the sulfate as an electron acceptor.5 In addition, many archaea can produce sulfides, and 
therefore the inclusive term for this group of anaerobes is sulfide-producing prokaryotes (SPP). 

SPP-related corrosion of metals used in oil exploration and production has been reported 
around the world (Mora-Mendoza et al. 2001; Ciaraldi et al. 1999; El-Raghy et al. 1998; 
Jenneman et al. 1998). A main concern is that these microorganisms produce H2S. As discussed 

2 A representation of the major elements required for a typical microorganism composition is C169(H2800 80)N30P2S. 
3 Atlas ( 1981) reported that when a major oil spill occurred in marine and freshwater environments, the supply of carbon was 
significantly increased and the availability of nitrogen and phosphorus generally became the limiting factor for oil degradation. 
4 There is specificity among anaerobes for particular electron acceptors. Facultative anaerobic bacteria can use oxygen or other 
electron acceptors. Obligate anaerobic microorganisms cannot tolerate oxygen for growth and survival. Obligate anaerobic 
bacteria are, however, routinely isolated from oxygenated environments associated with particles and crevices and, most 
important, are in association with other bacteria that effectively remove oxygen from the immediate vicinity of the anaerobe. 
5 Some anaerobes can also reduce nitrate, sulfite, thiosulfate, or fumarate (Little and Lee 2007). 
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earlier, H2S reacts with the iron ions to form a thin layer of the iron sulfide mackinawite that 
adheres to the steel surface. In the absence of oxygen, and if the concentration of iron ions in the 
solution is low, this mineral layer will protect the iron in the steel pipe surface from dissolution 
(Wikjord et al. 1980). However, if oxygen is introduced, the iron sulfide can be conve1ted to an 
iron oxide and elemental sulfur, which will cause the rate of corrosion to increase substantially 
for reasons already given.6 Pipelines operators, therefore, seek to prevent the formation of 
colonies of SPP and other microorganisms in pipelines through design, operations, maintenance, 
and chemical means. 

Internal Erosion 

Solid paiticles flowing in the crude oil stream can cause erosion of pipe wall, paiticularly at flow 
disturbances such as pipe bends. The propensity for erosion is affected by the pipe material; 
angles of flow impact; flow velocity; and the amount, shape, mass, and hardness of solid 
particles in the stream. While pipeline erosion is common in the oil production industry, it occurs 
to a greater extent in production (field) pipelines that contain fluids with high levels of sand and 
minerals. For example, slurry flow in the pipelines used to move oil sands ore before bitumen 
extraction can be highly abrasive (Zhang et al. 2012). Because processed crude oils do not 
contain similarly high concentrations of solids, erosion is not observed to a significant degree in 
transmission pipelines. Of interest to this study is whether the diluted bitumen delivered to 
transmission pipelines contains significantly higher concentrations of abrasive solids than do 
other crude oils and whether it is transp01ted at higher flow rates conducive to erosion. 

Assessment of Effects of Diluted Bitumen on Sources of Internal Degradation 

The properties of diluted bitumen as they pe1tain to the identified factors affecting susceptibility 
to internal degradation from corrosion and erosion are examined next. 

Internal Corrosion 

Water Wetting and Solids Deposition An important factor in water dropout and wetting is the 
total water content of the crude oil stream, which is measured by pipeline operators as pait of 
shipment BS&W sampling. As reported earlier, Canadian transmission pipelines require that 
crude oil shipments not have a BS&W exceeding 0.5 percent. These levels are comparable with, 
and more often lower than, the levels commonly required by U.S. transmission pipelines. 
Accordingly, the level of water contained in shipments of diluted bitumen and other crude oils 
imported by pipeline from Canada will not be higher than that contained in shipments of other 
crude oils piped in the United States. 

Even relatively small amounts of water in crude oil can settle to the pipe bottom. In 
considering the propensity of water to drop out of the oil stream, important factors include the 
viscosity, density, and surface tension of the oil and whether it is transported in a flow that is 
sufficiently turbulent to disperse and suspend water droplets. Shipments of diluted bitumen are 

6 The impact ofoxygen on corrosion from anaerobic SPP was examined by Hardy and Bown (1984) by using mild steel and 
weight loss measurements. Successive aeration-deaeration shifts caused variations in the corrosion rate. The highest corrosion 
rates were observed during periods of aeration. Hamilton (2003) concluded that oxygen was the terminal electron acceptor in all 
MIC reactions. In laboratory seawater and fuel incubations, Ak"tas et al. (2013) demonstrated that there was no biodegradation of 
hydrocarbon fuels, little sulfate reduction, and no corrosion of carbon steel in the absence of oxygen. 
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transported at the same pressures and under the same turbulent flow regimes as shipments of 
other heavy crude oils. The report has demonstrated that diluted bitumen is more viscous than 
light and medium-density crude oils and is comparable in viscosity with heavy crude oils. A 
stream of diluted bitumen in turbulent flow should therefore confer the beneficial effect, relative 
to lighter crude oils, of dispersing and suspending any free water that may exist in the pipeline 
stream. 

A low likelihood that a shipment of diluted bitumen contains water that will settle and 
wet the bottom of the pipeline will lead to a low likelihood of internal corrosion regardless of the 
corrosion mechanism or the presence of other contaminants that can contribute to corrosion. All 
crude oil shipments can carry particles consisting of sand, clay, organic materials, and 
hydrocarbons that have the potential to drop out of the stream at vulnerable locations in the 
pipelines. Given its high viscosity, diluted bitumen will suspend the very fine pmticles that may 
be contained in its sediment. The solids contained in diluted bitumen are not unusual in quantity 
or particle size but are within the range of other heavy crude oils, as established in the earlier 
comparisons. Whether any of the sediments that settle to the pipe bottom threaten underdeposit 
corrosion will depend critically on associated water, as well as the presence of corrosive gases, 
acids, and microorganisms. 

Corrosive Gases (C02, H2S, and Oxygen) If water does settle and wet the bottom of a pipeline 
carrying diluted bitumen, such as at low spots and dead legs, consideration of whether shipments 
of this type of crude oil contain comparatively high levels of dissolved gases that will increase 
the potential for corrosion is warranted. Data on the C02 contained in crude oil lines, including 
those carrying diluted bitumen, are not readily available. Nevertheless, concentrations can be 
inferred from the C02 levels present at the last point of gas-liquid separation upstream of 
delivery to the transmission pipeline. As is the case for shipments of other crude oils, various 
tanks will hold shipments of diluted bitumen before they are delivered to the transmission 
pipeline facility. This upstream storage, which occurs at atmospheric pressure, will provide the 
same opportunity for shipments of diluted bitumen as it does for shipments of other crude oils to 
degas C02 before entry to transmission pipelines. Such a comparable upstream environment will 
produce similarly low C02 concentrations and corrosion rates. 

Likewise, the quantities of H2S reported for diluted bitumen (>25 parts per million by 
weight in liquid phase), as repo1ted in Chapter 3, are lower than in many other crude oils and do 
not pose a corrosion threat. Even if other corrosive agents are present, the small concentrations 
of H2S would contribute little to the corrosive effect, except perhaps to provide a mildly 
mitigative impact because of the formation of protective iron sulfide layers. The conclusion is 
that concentrations of dissolved C02 and H2S in diluted bitumen shipments are likely to be low 
and not greater than those found in other crude oil shipments that are stored and transported 
similarly. 

Transmission pipeline operators restrict air entry points to prevent ingress of oxygen. 
There are no data on the oxygen content in crude oil pipelines to assess the effectiveness of these 
restrictions. However, diluted bitumen is transported in the same pipelines as other crude oils, 
and the number of air entry points can be assumed the same and purposefully restricted. Because 
crude oils are stored by pipeline operators in large atmospheric pressure tanks, the possibility of 
air ingress cannot be eliminated, but the ingress will be as low for shipments of diluted bitumen 
as it is for shipments of other crude oils stored similarly. Even if some free water is assumed to 
settle to the bottom of a pipeline carrying shipments of diluted bitumen, low levels of oxygen 
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(e.g., below 1 ppm) will not constitute a serious corrosion threat or one that differs from that of a 
pipeline carrying shipments of other crude oils. 

Acids In reviewing the chemistry of diluted bitumen in Chapter 3, no evidence emerged that it 
contains relatively high levels of low-molecular-weight organic acids such as acetic acid. The 
high total acid number of diluted bitumen derives from the presence of high-molecular-weight 
organic acids. These oil-soluble naphthenic acids do not pose an internal corrosion threat under 
pipeline conditions and may have mitigative effects on corrosion. The acid contained in diluted 
bitumen is therefore not a threat to internal corrosion of transmission pipelines. 

Microbiologically Influenced Corrosion To understand whether diluted bitumen is more likely 
than other crude oils to cause MIC, it is helpful to examine whether this crude oil is more prone 
to providing the essential resources required for microbial growth. The water content of diluted 
bitumen shipments is comparable with that of other crude oil shipments, and diluted bitumen 
does not have constituents or operating requirements that make pipelines more prone to forming 
sludge that can harbor microorganisms. The other essential resources that deserve consideration 
are the availability of critical nutrients (especially carbon and nitrogen) and electron acceptors 
(especially oxidized sulfur compounds). 

While microbial growth requires carbon, it may be limited more by the scarcity of 
nitrogen in petroleum. As reported earlier, most of the nitrogen in bitumen is bound in carbon 
structures and unavailable.7 Lighter oils provide a more readily available source of degradable 
carbon than do heavy oils, including bitumen. The percentage of low-molecular-weight 
hydrocarbons is similar in diluted bitumen and other heavy crude oils and lower than the 
percentages in lighter crude oils. More of the carbon in diluted bitumen is contained in relatively 
high concentrations of asphaltenes. The molecular weight and structure of asphaltenes vary, but 
biodegradation of these compounds is an extremely slow process that does not provide a readily 
available source of carbon for microorganisms (Pineda-Flores and Mesta-Howard 2001). 

With regard to the availability of electron acceptors, it was repo1ied earlier that sulfur 
content is higher in diluted bitumen than in many other crude oils, but the sulfur is not in 
oxidized forms available for sustained sulfate reduction by SPP. Furthermore, the high sulfur 
content of bitumen is not correlated with high H2S content. Most of the sulfur in bitumen is 
organic sulfur bonded to carbon in heterocyclic rings, which are not easily degraded by 
microorganisms and thus largely unavailable for metabolism. 

In sum, the chemistry of diluted bitumen is not more favorable for microbial growth and 
activity than is that of other crude oils. 

Erosion 

The propensity for erosion is affected by the presence and physical properties of the solid 
paiiicles in the stream, pipe material, angles of particle impact, and impact velocity. Pipe 
materials and impact angles are the same for diluted bitumen as for other crude oils transported 
through the same pipelines. Chapter 3 indicated that the velocity of diluted bitumen flowing 
through pipelines is not higher than the velocity of other crude oil flows. Furthermore, the 
diluted bitumen imported by pipeline into the United States is produced by using in situ methods 
that limit the amount of sand, minerals, and other solid particles recovered with the bitumen. The 

7 
See Chapter 3. 
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extracted bitumen is processed to remove water and solids to achieve the requisite BS& W for 
pipeline transp01iation to yield solids levels that are similar to those of other crude oil shipments. 
While limited data are available on the specific physical properties of the solid particles in 
diluted bitumen, the generally low levels of solids (less than 0.05 percent) do not suggest that 
shipments of diluted bitumen increase the already low potential for erosion in crude oil 
transmission pipelines. 

Summmy of Effects on Sources of Internal Degradation 

A review of product prope1iies relevant to internal pipeline corrosion and erosion does not 
indicate that diluted bitumen is more likely than other crude oils to lead to these failure 
mechanisms. Shipments of diluted bitumen do not contain unusually high levels of water, 
sediment, dissolved gases, or other agents that can cause internal corrosion. The organic acids 
contained in diluted bitumen are not corrosive to steel at pipeline temperatures. Diluted bitumen 
has density and viscosity levels comparable with those of other crude oils, and it flows through 
pipelines with velocity and turbulence comparable with other crude oils so as to limit the 
accumulation of corrosive deposits. On the basis of an examination of the factors influencing 
microbial growth and activity, shipments of this crude oil do not have a higher likelihood than 
other crude oil shipments of causing MIC in pipelines. Because it has solids content and flow 
regimes comparable with those of other crude oils, diluted bitumen does not have a higher to 
propensity to cause erosion of transmission pipelines. 

SOURCES OF EXTERNAL DEGRADATION 

External Corrosion 

External corrosion of pipelines is usually characterized by uneven metal loss over localized areas 
covering a few to several hundred square centimeters of the outside steel surface of the pipe 
(Beavers and Thompson 2006). The electrochemical reactions that are involved usually occur at 
physically separate locations on the surface. While the anodic reaction is primarily oxidation of 
iron, the cathodic reaction can be either the hydrogen evolution that occurs in the anaerobic 
electrolyte trapped under an impermeable pipe coating or the reduction of oxygen under a 
permeable coating. The water and soluble compounds needed to create the electrolyte can be 
present in the soil surrounding the buried pipe or in the atmosphere when a pipe is above grade. 
In addition, a p01iion of external corrosion incidents involve MIC (Koch et al. 2002; Beavers and 
Thompson 2006). As discussed later in the section, external c01rnsion pits can also be sites for 
the formation and growth of stress corrosion cracks. 

External corrosion is thus affected by the pipe material, the corrosivity of the 
environment, and the performance of coatings and cathodic protection systems. For mild grades 
of carbon steel commonly used in transmission pipelines, the main concern is the corrosivity of 
the surrounding environment and the performance of coatings and cathodic protection systems. 
Although the transported product does not come in contact with either the coating or the 
environment surrounding the pipeline, it can influence both factors by affecting the operating 
pressure and temperature of the pipeline. 
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Because pipeline segments are located below and above ground, they can be exposed to 
corrosive conditions in the soil and atmosphere. Many factors affect soil corrosivity, including 
moisture and oxygen content, electrical resistivity, pH, temperature, porosity, microbial activity, 
and the presence of dissolved salts (Uhlig and Revie 1985; Escalante 1989; Beavers and 
Thompson 2006). For pipeline segments exposed to the atmosphere, the primary environmental 
factors influencing corrosion are relative humidity, salt deposition, pollution, and temperature. 
Operating pressure does not affect these corrosive conditions, but elevated pipeline temperatures 
and resulting heat flux to the air or soil medium can increase corrosion rates. 

Pipeline temperature and pressure can both affect the condition and performance of 
coatings and cathodic protection systems. As discussed in Chapter 2, coatings provide a barrier 
between the pipe and the corrosive environment. Coatings can fail in a variety of ways including 
disbanding from the steel surface. In pipelines using some older coating technologies, such as 
asphalt mastic systems, elevated temperatures can cause the coating material to deform and 
potentially reduce surface coverage. Elevated pipeline temperatures can also result in 
degradation of adhesive properties and increase the diffusion of moisture through the coating in 
the direction of the steel surface. Moisture diffusion can cause swelling of the coating relative to 
the steel and bring about increased surface stresses that lead to disbandment. Fluctuating line 
pressures can cause interfacial strain between the coating and the pipe surface to produce 
mechanical disbandment of the coating. 

An intact coating that prevents contact between the corrosive environment and the steel 
surface will generally prevent external corrosion. However, all coatings contain some defects 
that expose the steel. Accordingly, a critical defense against external corrosion is the application 
of cathodic protection. As discussed in Chapter 2, many cathodic protection systems use an 
electric current to prevent corrosion where coating coverage is imperfect. Temperature and 
pressure conditions that cause coating disbandment, therefore, can be more problematic if they 
impede, or shield, the distribution of cathodic current to sites where steel is exposed. An 
advantage of modern coating systems, such as fusion bonded epoxy, is that they are compatible 
with cathodic protection. Shielding is nevertheless a problem observed in some older pipelines 
wrapped with impermeable tapes and at giith welds treated with field applied shrink sleeves. 

Cracking 

The potential for transported products to affect the two main forms of cracking in pipelines is 
reviewed. Consideration is given to the mechanical process of fatigue cracking and forms of 
environmentally assisted cracking (EAC) that involve interactions of mechanical and corrosion 
processes. 

Fatigue Cracking 

Fatigue is characterized by the formation and growth of microscopic cracks on one or both sides 
of the pipe wall.8 The first stage in the fatigue process is crack initiation, or nucleation. 
Nucleated cracks do not cause a fracture, but some may coalesce into a dominant crack as the 
variable amplitude loading continues. In the second stage, the dominant crack grows in a more 
stable manner and may eventually reach the thickness of the wall to produce a leak. 
Alternatively, the dominant crack may grow to a critical length and depth that the pipe steel can 

8 See Beavers and Thompson (2006) for additional description of stress cracking processes. 
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no longer endure, leading to a rupture. Pipeline internal and external surface conditions caused 
by factors other than fatigue can lead to initial cracks or enhance crack fatigue crack growth from 
stress concentration. These factors can include preexisting dents, weld defects, corrosion pits, 
manufacturing flaws, and damage incurred during pipe transportation to the installation site. 

Fatigue cracking can ensue as a result ofrepetitive, or cyclic, stress loadings on a pipe. 
Cyclic stresses can be axial (parallel to the axis of pipeline), circumferential (stress in the 
tangential direction), or radial (perpendicular to the axis). Circumferential, or hoop, stress is 
usually the most impo1iant source of cyclic loadings because the stress created by internal 
pressure is normally the largest stress on the pipeline. 

Because viscous crude oils create more friction, they will require a higher operating 
pressure than do less viscous crude oils to achieve the same flow rate. In practice, pipeline 
operators reduce the flow rate when they transpmi viscous crude oils rather than increase 
operating pressure. Operating pressure cannot be increased if the pipeline is at the stress limit 
prescribed in regulations. Thus, only when a pipeline is operating below its stress limit can 
operating pressure be raised to increase the flow rate of a viscous crude oil. 

The pipe segments vulnerable to cracking are those with preexisting flaws or dents and 
other surface deformities caused by mechanical forces during installation or while in service. 
Stresses can concentrate at these damage sites, enabling cracks to form and grow after a 
relatively small number of load cycles, a phenomenon known as low-cycle fatigue.9 Other 
locations on the pipe susceptible to stress concentrations include discontinuities at longitudinal 
and girth welds and at voids formed during pipe manufacturing (Zhang and Cheng 2009). 

Pressure cycling is repo1ied to have contributed to fatigue failures in crude oil 
transmission pipelines. An example is the July 2002 rupture of a 34-inch crude oil pipeline near 
Cohasset, Minnesota (NTSB 2004). In that incident, the originating crack formed at the seam of 
the longitudinal weld as a result of vibrations experienced during railroad transportation of the 
pipe to the installation site. According to the National Transpmiation Safety Board repo1i, the 
preexisting crack grew to reach a critical size in response to pressure cycling stresses associated 
with normal in-service operations. 

Environmentally Assisted Cracking 

EAC results from the combined action of a corrosive environment and a cyclic or sustained 
stress loading. In general, EAC emerges in three basic forms: corrosion fatigue, stress corrosion 
cracking (SCC), and hydrogen-assisted cracking. EAC requires both a sufficient stress and a 
corrosive environment specific to the metal and thus is rare in crude oil transmission pipelines. 
However, when EAC failures do occur, they can be destructive; for example, the 2010 failure of 
a pipeline near Marshall, Michigan, was caused by EAC (NTSB 2012). 

Corrosion fatigue cracking arises from a combination of corrosion and the same pressure
related cyclic stresses that produce fatigue cracking. In corrosion fatigue, the stresses sufficient 
to cause failure can be less severe because of the corrosion reaction and resulting damage. For 
example, corrosion pits can become stress concentrators that allow normal in-service pressure 
cycling to cause the formation and growth of cracks in the pit. In the case of pipeline SCC, the 
same corrosive factors may exist, but the main acting stress is the sustained hoop forces 
generated by the operating pressure as well as its cycling. The acting stress may also be residual 

9 Conversely, high-cycle fatigue occurs under a low-amplitude loading in which a large number ofload cycles is required to 
produce failure. 
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in nature, introduced during bending and welding in manufacturing, or it may arise from external 
soil pressure or differential settlement. The same locations on the pipe that concentrate cyclic 
stresses, such as dents, scrapes, and other surface discontinuities, can concentrate static stresses. 
Fmihermore, breaks in the surface film may occur at these discontinuities to make the area more 
prone to electrochemical corrosion. 10 

The factors that create corrosive environments enabling EAC, such as soil prope1iies and 
the performance of coatings and cathodic protection, have already been discussed with respect to 
external corrosion. As with external corrosion, the maintenance of coating performance and 
cathodic protection is critical in controlling EAC (CEPA 2007). In the case of SCC, limiting the 
introduction of residual stresses during pipe manufacturing, transportation, and installation is 
also important in reducing susceptibility. Operating pressure is the major in-service source of 
static hoop stress. Lowering the operating pressure of a pipeline would be expected to reduce the 
potential for SCC. However, the specific relationship between SCC and hoop stress is not well 
established. For example, SCC failures have occurred in pipelines experiencing hoop stresses 
that have varied from 46 to 77 percent of the specified minimum yield strength of the pipeline. 11 

Accordingly, adjusting operating pressures as a way to prevent SCC can be difficult. 
EAC can be caused or exacerbated by hydrogen-assisted cracking. For example, when 

sources of hydrogen are present-such as from agents in the crude oil stream (e.g., H2S) or from 
external sources (e.g., excessive cathodic protection voltage)-cracking potential may increase. 
Although hydrogen-assisted cracking is rare in crude oil transmission pipelines, it can occur as a 
result of the diffusion and concentration of atomic hydrogen at the crack tip or other 
microstructural trap site in a metal. The ingress of hydrogen into a metal is enhanced in the 
presence of sulfur species. The trapped hydrogen can cause internal stresses within the 
metallurgical structure favorable to enhanced cracking or act to reduce local roughness in the 
region of the crack tip. Hydrogen can also adsorb to the metal surface to reduce surface energy 
and migrate into the microstructure, thereby reducing interatomic bond strength and providing 
nucleation sites for cracks. Hydrogen-assisted cracking can occur on the inside or outside of the 
pipe, depending on the source of the hydrogen and its ability to reach the pipe surface. 

Assessment of Effects of Diluted Bitumen on Sources of External Degradation 

Because diluted bitumen only contacts the inside of a pipeline, it can contribute to external 
degradation only indirectly. In the case of external corrosion and EAC, one concern is that 
elevated operating temperatures can adversely affect the performance of the coating as a barrier 
to corrosion. The relevant question with respect to both external corrosion and EAC is whether 
diluted bitumen creates operating temperatures and pressures that are sufficiently different from 
those of other crude oils to increase coating disbondment. As has been reported, diluted bitumen 
and other heavy crude oils have similar densities and viscosities and flow through pipelines at 
the same rate and within comparable pressure and temperature ranges (see Chapter 3, Tables 3-4 
and 3-7). For this reason, the likelihood of coating degradation and any associated external 
damage resulting from the operating parameters of diluted bitumen should be equivalent to that 
of other crude oils with comparable density and viscosity. 

10 At sites of surface damage, such as dents and corrosion pits, stress levels in the circumferential and axial directions are higher 
than on undamaged portions of the pipe surface. 
11 National Energy Board, notes from January 12, 1996, meeting between National Energy Board SCC Inquiry Panel and 
Camrose Pipe Company Ltd., Exhibit No. A-58. 
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Pipelines transporting diluted bitumen and other heavy crude oils should not differ in the 
stress loadings generated by their transportation because operating pressures are comparable. 
Other sources of static stress, such as residual stresses from pipe fabrication and installation, 
would not be affected by the product in the pipeline. Transmission pipelines, therefore, should 
not experience more stress cracking from transporting diluted bitumen than from transporting 
other crude oils of similar density and viscosity. 

Finally, if the exterior coating of the pipe dis bonds, hydrogen may diffuse into the surface 
metal with a rate of uptake and subsequent potential for embrittlement that will depend on a 
number of factors, including pH and temperature. However, the operating parameters of diluted 
bitumen should not increase the potential for coating disbandment. With respect to the interior of 
the pipeline, the availability of H1S and free sulfur to form hydrogen in diluted bitumen is 
relatively low. Thus, transporting diluted bitumen is not likely to increase the potential for 
hydrogen-assisted cracking. 

SOURCES OF MECHANICAL DAMAGE 

Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate, and sometimes 
catastrophic, breach and release or make the pipeline more susceptible to releases by 
destabilizing support structures and damaging other components such as valves, joints, and other 
fittings. Damage from mechanical forces can also weaken the resistance of the pipeline to other 
failure mechanisms. Sites on the pipeline that sustain even light damage, such as scrapes, are 
vulnerable to corrosion attacks and stress-related cracking. Accordingly, consideration of 
whether the transportation of diluted bitumen creates an elevated potential for phenomena that 
can lead to mechanical damage is warranted. 

Overpressurization 

Various events can generate excessive pressure in a pipeline, including surges, thermal 
overpressure, column collapse, and human error. If the pipe is already weakened by corrosion, 
cracking, or deformities from earlier mechanical damage, overpressure events can increase the 
potential for damage and failure. 

Pipeline operators prevent overpressure events through personnel training; standardized 
procedures; system design; and safety systems such as pressure relief valves, pressure switches, 
surge tanks, and bypass systems. Nevertheless, excessive pressure in a pipeline can occur as a 
result of operator error, thermal overpressure, and column separation. A transported fluid that 
increases the likelihood of any of these outcomes could increase the potential for mechanical 
damage. 

Surge 

Any action in a pipeline system that causes a rapid reduction in the velocity of the transported 
fluid could cause a pressure surge. Transient, high-amplitude pressure waves, or surges, are not 
normal and can cause mechanical damage to pipes, components (e.g., valves, seals, joints), 
instrumentation (e.g., meters and gauges), and support structures. Because all crude oils have 
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relatively high bulk modulus (incompressibility), they have a comparable propensity for energy 
to be transferred in high-pressure waves when events trigger abrupt reductions in flow velocity. 

Operator Error 

Overpressurization can be caused by direct human error. Unintentional pumping of fluids against 
a closed valve with coincidental failure of pressure switches, pressure relief valves, and other 
protective devices is an example of a rare-event overpressurization scenario. Most pipelines are 
equipped with safeguards such as pressure switches and relief devices to avoid damage from 
these scenarios. If a transported liquid adds complexity to operational requirements, operator 
errors could increase. 

Column Collapse 

Pressure surges can arise from pressure differentials, or slack conditions, in the pipeline. A slack 
line can occur when the liquid being transported develops a vapor void at a point in the pipeline 
where line pressure drops below the vapor pressure of the liquid. The void will temporarily 
restrict the flow of liquid. When the void collapses, a pressure wave comparable with that of a 
rapid valve closure can be produced. The transformation of the liquid into a vapor phase is 
known as column separation. To prevent the occurrence of column separation, pipeline operators 
strive to maintain line pressure above the vapor pressure of the liquid. Locations vulnerable to 
pressure differentials are elevation peaks and the downstream side of slopes. A liquid that has 
certain properties, such as a relatively high fraction of hydrocarbons with high vapor pressure, 
can theoretically increase the potential for column separation. 

Thermal Overpressure 

A pipe segment that is full of liquid will experience a rapid pressure increase when it is exposed 
to a heat source and when volume expansion is restricted. Special procedures and thermal relief 
valves are used to prevent this occurrence in aboveground pipe segments where the flow may be 
impeded or blocked and the segment may be subsequently exposed to a heat source such as 
sunlight or fire. Because the chemistry of the trapped fluid determines the amount of pressure 
increase corresponding to an incremental increase in temperature, some transported liquids could 
have greater potential for thermal overpressure. 

Outside Force Damage 

Pipelines can sustain external mechanical damage from both natural forces and human activity. 
Natural forces include seismic movements and other ground shifts, such as those from landslides 
and subsidence. Examples of damage from human activity include accidental strikes from 
vehicles, eaith moving activity, and surface loading by farm equipment. Intentional damage to a 
pipeline, or sabotage, is a potential source of mechanical damage, although it is rare. 

There are ways in which the contents of a pipeline can affect or interact with an outside 
force failure mechanism. One possibility is that a denser, heavier fluid adds weight to a pipe that 
is free-spanning (i.e., unsupported) or traverses a terrain susceptible to inadequate support. 
Another possibility is that the heat flux from a fluid transported at an elevated operating 
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temperature reduces the stability of a pipeline in a frost zone. Similar interactions with the 
outside environment related to pipe vibrations, expansion, and contraction may be postulated as 
potential sources of mechanical damage. 

Assessment of Effects of Diluted Bitumen on Sources of Mechanical Damage 

Mechanical damage to the pipeline and its components can occur as a result of outside forces and 
overpressurization events. Several causes of outside force damage that could be affected to some 
degree by the properties of the transported liquid have been postulated. The most relevant 
properties of the transported liquid are density, viscosity, and operating temperatures. However, 
because these properties are the same for diluted bitumen as many other crude oils, there is no 
reason to believe their interactions with outside forces will differ. The same conclusion can be 
reached concerning the potential for mechanical damage due to chemical or physical properties 
that can affect the propensity for surge, column separation, or thermal expansion. The potential 
for these sources of mechanical damage should be indistinguishable from that of other crude oils. 
Diluted bitumen is blended like many other crude oils to remain fully mixed in the pipeline 
environment and it does not contain a high percentage of light (high vapor pressure) 
hydrocarbons. 

EFFECTS ON OPERATIONS AND MAINTENANCE PROCEDURES 

The preceding analysis has consistently found that the prope11ies of diluted bitumen are within 
the range of other crude oils. These findings do not indicate a need for operations and 
maintenance (O&M) procedures that are customized to diluted bitumen, nor do they suggest that 
pipeline operators apply O&M procedures in transporting diluted bitumen that are different from 
those applied in transpo11ing other crude oils with similar prope11ies. Of course, if operators who 
traditionally carry only light crude oils do not make appropriate adjustments to line pressure and 
flow rates when they transpo11 diluted bitumen or any other similarly dense and viscous crude 
oil, a greater potential for some of the failure mechanisms examined above could result. 

Because most pipeline operators transport many varieties of crude oil, they routinely 
make adjustments to operational parameters to accommodate different crude oil grades. There is 
no reason to believe that operators fail to make these adjustments when they transport heavy 
crude oils generally or, more specifically, when they transport diluted bitumen. Nevertheless, to 
be comprehensive, a search was undertaken for evidence of O&M practices being altered in 
inadvertent ways that could be detrimental to pipeline integrity. 

Operational Procedures 

As discussed in Chapter 2, the operation of most pipelines is monitored and controlled by a 
combination of local and remote systems by using a centralized supervisory control and data 
acquisition system. Instrumentation at pump stations, tank farms, and other facilities includes 
sensors, programmable logic controllers, switches, and alarms. Remote systems allow for 
monitoring and coordination at centralized locations distant from the pipeline facilities. 
Together, these local and remote capabilities provide protection against abnormal operations
for example, by allowing for the orderly shutdown of pumps and cessation of flow if an alarm 
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condition occurs or if certain operating parameters are violated. Maintaining the integrity of 
control systems is essential in ensuring safe pipeline operations. 

Therefore, whether there are any characteristics of diluted bitumen that could introduce 
more complexity into or otherwise compromise the satisfactory functioning of pipeline control 
systems and their components is worth investigating. As previously noted, none of the chemical 
and physical prope1iies of diluted bitumen suggests that such an effect could be expected, 
because the prope1iies fall within the range of other crude oils commonly transported by 
pipeline. Neve1iheless, the committee unde1iook a search of any instances in which operators 
modified or were advised to modify their standard control and monitoring activities in 
transporting diluted bitumen. A search of published documents did not reveal any notewo1thy 
rep01ts, special standards, or guidance documentation. In consulting Canadian pipeline operators 
(see Appendix A), the committee asked whether the transpo1tation of diluted bitumen required 
changes to set points for safety and control instrumentation. The response was as follows: "There 
are no differences. Standards and procedures are in place for control that are generic for all crude 
oil commodities shipped. The standards and procedures are structured to ensure safe operation 
regardless of the commodity." Likewise, all pipeline operators interviewed in public meetings 
convened by the committee stated that transpo1ting diluted bitumen did not require different 

l . . d J? contro or momtonng proce ures. -
In its investigation of the July 25, 2010, EAC-related rupture near Marshall, Michigan, 

the National Transpo1iation Safety Board found that the control center made repeated errors by 
increasing the delivery rate of the pipeline under the impression that low-pressure readings 
caused by the undetected rupture were indicative of slack line conditions caused by column 
separation (NTSB 2012). The product released in the incident, discussed in Chapter 4, was 
diluted bitumen. The phenomenon of column separation has already been reviewed, and no 
evidence that diluted bitumen has properties associated with it was found. Furthermore, the 
National Transp01tation Safety Board did not indicate that the shipment of diluted bitumen that 
was being delivered through the ruptured pipeline had actually experienced column separation or 
that any of the properties of the shipment had any other specific effect on the actions of the 
control center. 

Maintenance Procedures 

As described in Chapter 2, pipeline operators use various methods for preventing, detecting, and 
mitigating damage in pipelines. Methods for preventing external cracking and corrosion include 
use of coatings and cathodic protection. Methods for preventing internal corrosion include 
chemical treatments, flow maintenance, and in-line cleaning. Operators also monitor pipeline 
conditions by using various inspection tools, probes, and surveys. If transporting diluted bitumen 
compromises the ability of operators to carry out any of these activities, more adverse conditions 
could arise and persist and thereby increase the potential for failures. 

12 
Representatives from Enbridge, Inc., and TransCanada Pipeline Company were invited to make presentations to the committee 

during its first meeting on July 23, 2012. During the public meeting, the representatives were asked to identify any special 
operational or maintenance demands associated with transporting diluted bitumen. None was identified. On October 9-10, 2012, 
committee members convened a public meeting in Edmonton, Alberta. in which representatives of several pipeline companies 
that transport diluted bitumen were interviewed. In conjunction with the meeting, committee members also visited a transmission 
pipeline terminal in Fort McMurray, Alberta, where representatives from the pipeline company explained operational and control 
procedures associated with diluted bitumen transportation. They also responded to questions from committee members. None of 
the interviews and information obtained from the site visit suggested that operators use different procedures for system control 
and monitoring when they transport diluted bitumen. 
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As with other potential issues, the absence of significant differences in the chemical and 
physical properties of diluted bitumen compared with other heavy crude oils suggests that no 
changes are required in pipeline maintenance and inspection regimes. Nevertheless, the 
committee searched for repo1is of operators experiencing difficulties in carrying out standard 
maintenance, mitigation, and inspection activities while transporting diluted bitumen. The 
committee also searched for standards and other guidance documentation alerting operators to 
issues associated with maintenance and inspection, such as advisories on the use of in-line 
inspection tools, chemical inhibitors, and coupons and probes for corrosion monitoring. The 
search did not uncover any issues or added complexities. 

In addition, in its questionnaire to Canadian pipeline operators (see Appendix A), the 
committee asked whether the transportation of diluted bitumen required changes in pipeline 
cleaning intervals or predictive and preventive maintenance programs. No differences in cleaning 
intervals or predictive and preventive maintenance programs were reported. Pipeline operators 
who met with the committee during public meetings (as noted above) were asked similar 
questions, and all stated that no special maintenance and inspection issues arose in transporting 
diluted bitumen. They did not repo1i any adverse affects on their ability to carry out their normal 
maintenance and inspection activities. 

Assessment of Effects of Diluted Bitumen on O&M Procedures 

As common carriers, operators of transmission pipelines generally have the ability to transpo1t 
the wide range of crude oil varieties that are in the commercial stream. Accordingly, operations 
and maintenance procedures are designed to be robust, capable of ensuring operational reliability 
and safety without the need for significant procedural modifications from one crude oil shipment 
to the next. The chemical and physical properties of diluted bitumen do not suggest that 
transporting this product by pipeline requires O&M procedures that differ from those of other 
crude oils having similar prope1iies. Likewise, inquiries with operators and searches of industry 
guidelines and advisories did not indicate any specific issues associated with transp01iing diluted 
bitumen that would negatively affect operators as they carry out their standard O&M programs, 
including their corrosion detection and control capabilities. 

SUMMARY 

The chemical and physical properties of diluted bitumen shipments have been examined to 
determine whether there are any differences from those of other crude oil shipments that increase 
the likelihood of pipeline failures from internal degradation, external degradation, or mechanical 
damage. Any differences that could affect either the frequency or the severity of a failure 
mechanism or the ability to mitigate it would suggest a difference in failure likelihood. The 
chemical and physical prope1iies of diluted bitumen shipments were not found to differ in ways 
that would be expected to create a likelihood of release that is higher for a transmission pipeline 
transporting diluted bitumen than one transporting other crude oils. An assessment was also 
made with regard to whether pipeline operators transporting diluted bitumen alter their O&M 
procedures in ways that can inadvertently make pipelines more prone to the sources of failure. 
No differences were found in these procedures. The assessment results are summarized in the 
next chapter. 
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Summary of Results 

The study charge and approach and the main points from the preceding chapters are 
summarized in this chapter. The discussion summaries provide the basis for the findings 

presented at the end of the chapter. 

RECAP OF STUDY CHARGE AND APPROACH 

Section 16 of the Pipeline Safety, Regulatory Certainty, and Job Creation Act of201 l calls for 
the Secretary of Transportation to "complete a comprehensive review of hazardous liquid 
pipeline facility regulations to determine whether the regulations are sufficient to regulate 
pipeline facilities used for the transportation of diluted bitumen. In conducting the review, the 
Secretary shall conduct an analysis of whether any increase in the risk of a release exists for 
pipeline facilities transporting diluted bitumen."1 A determination of release risk requires an 
assessment of both the likelihood and the consequences of a release. To inform its assessment of 
the former, the U.S. Department of Transportation contracted with the National Research 
Council to convene an expert committee to "analyze whether transpmiation of diluted bitumen 
by transmission pipeline has an increased likelihood of release compared with pipeline 
transportation of other crude oils." 

As detailed in Chapter 1, the project statement of task calls for a two-phase study, with 
the conduct of the second phase contingent on the outcome of the first. In the first phase, the 
study committee was asked to examine whether shipments of diluted bitumen can affect 
transmission pipelines and their operations so as to increase the likelihood of release when 
compared with shipments of other crude oils transported by pipeline. In the potential second 
phase-to be unde1iaken only if a finding of increased likelihood of release is made in the first
the committee was asked to review federal pipeline safety regulations to determine whether they 
are sufficient to mitigate an increased likelihood ofrelease from diluted bitumen. If the 
committee did not find an increased likelihood of release, or the information available was 
insufficient to make a finding, the committee was expected to prepare a final report documenting 
the study approach and results. 

The committee reviewed data on reported pipeline releases. The review provided insight 
into the general causes of pipeline failures, but the incident records alone could not be used to 
determine whether pipelines are more likely to fail when they transport diluted bitumen than 
when they transport other crude oils. Having examined the general causes of failures, the 
committee focused on the specific sources of pipeline damage that can be influenced by the 
transported crude oil. Specifically, it identified the chemical and physical prope1iies of crude oil 
that can cause or contribute to sources of pipeline failure from damage sustained internally or 
externally or as a result of mechanical forces. 

The committee did not perform its own testing of pipelines or crude oil shipments. 
Information on the properties of shipments of diluted bitumen and other crude oils was obtained 
from public websites and assay sheets. Additional information was obtained from a review of 

1 
Public Law 112-90, enacted January 3, 2012. 
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government reports and technical literature, queries of oil producers and pipeline operators, field 
visits, and inferences from secondary sources such as the maximum water and sediment content 
for pipeline shipments as specified in pipeline tariffs. The committee then compared the relevant 
properties of shipments of diluted bitumen with the range of properties observed in other crude 
oil shipments to identify instances in which diluted bitumen fell outside or at an extreme end of 
the range. 

In view of the possibility that some pipeline operators may modify their operating and 
maintenance practices in transpmting diluted bitumen, the committee first posited potential 
differences and then sought evidence. Operators were questioned about their practices. The 
committee looked for indications of changes in standard procedures, including corrosion control 
practices, that could inadvertently make pipelines more susceptible to sources of failure. 

MAIN POINTS FROM CHAPTER DISCUSSIONS 

Crude Oil Pipeline Transportation in the United States 

As described in Chapter 2, the crude oil transmission network in the United States consists of an 
interconnected set of pipeline systems. Crude oil shipments traveling through the network often 
move from one pipeline system to another and are sometimes stored at terminals. Most operators 
of transmission systems are common carriers who do not own the crude oil they transport but 
provide transpmtation services for a fee. Few major transmission pipelines are dedicated to 
transporting specific grades or varieties of crude oil. They usually move multiple batches of 
crude oil, often provided by different shippers and encompassing a range of chemical and 
physical properties. Crude oil shipments are treated to meet the quality requirements of the 
pipeline operator as well as the content and quality demands of the refinery customer. 

Pipeline systems traverse different terrains and can vary in specific design features, 
components, and configurations. The differences require that each operator tailor operating and 
maintenance strategies to fit the circumstances of its systems in accordance with the federal 
pipeline safety regulations. Neve1theless, the systems tend to share many of the same basic 
components and follow similar operating and maintenance procedures. Together, regulatory and 
industry standards, system connectivity, and economic demands compel both a commonality of 
practice and a shared capability of handling different crude oils. 

Bitumen Properties, Production, and Pipeline Transportation 

As discussed in Chapter 3, the bitumen imported into the United States is derived from Canadian 
oil sands. Canadian bitumen is both mined and recovered in situ using thermally assisted 
techniques. A large share of the bitumen deposits is too deep for mining, so in situ recovery 
accounts for an increasing percentage of bitumen production. Because mined bitumen does not 
generally have qualities suitable for pipeline transpmtation and refinery feed, it is processed into 
synthetic crude oil in Canada. Bitumen recovered in situ with thermally assisted methods has 
lower water and sediment content and is thus better suited to long-distance transportation by 
pipeline than is mined bitumen. Bitumen impo1ted into the United States is produced in situ 
through thermally assisted methods rather than by mining. 

Like all forms of petroleum, Canadian bitumen is a by-product of decomposed organic 
materials and thus a mixture of many hydrocarbons. The bitumen contains a relatively large 
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concentration of asphaltenes that contribute to its high density and viscosity. At ambient 
temperatures, bitumen does not flow and must be diluted for transportation by unheated 
pipelines. Diluents consist of light oils, including natural gas condensate and light synthetic 
crude oils created from bitumen. Although the diluents consist of low-molecular-weight 
hydrocarbons, shipments of diluted bitumen do not contain a higher percentage of these light 
hydrocarbons than do other crude oil shipments. The dilution process yields a stable and fully 
mixed product for shipment by pipeline with density and viscosity levels in the range of other 
crude oils transported by pipeline in the United States. 

Shipments of diluted bitumen are piped at operating temperatures, flow rates, and 
pressure settings typical of crude oils with similar density and viscosity levels. Shipment water 
and sediment content conforms to the Canadian tariff limits, which are more restrictive than 
those in U.S. pipeline tariffs. Solids in diluted bitumen shipments are comparable in quantity and 
size with solids in other crude oil shipments transported by pipeline. While the sulfur in diluted 
bitumen is at the high end of the range for crude oils, it is bound with hydrocarbons and not a 
source of corrosive hydrogen sulfide. Diluted bitumen has higher acid content than many other 
crude oils, but the stable organic acids that raise acidity levels are not corrosive at pipeline 
temperatures. 

Review of Pipeline Incident Data 

A logical step in addressing the question of whether shipments of diluted have a greater 
propensity to cause pipeline releases than shipments of other crude oils is to examine historical 
release records. The incident statistics can be used to identify the general sources of pipeline 
failure. However, the information contained in the U.S. and Canadian incident records is 
insufficient to draw definitive conclusions. As explained in Chapter 4, one reason is that the 
causal categories in the databases lack the specificity needed to assess the pa1ticular ways in 
which transporting diluted bitumen can affect the susceptibility of pipelines to failure. Another 
reason is that incident records do not contain information on the types of crude oil transported 
and the properties of past shipments in the affected pipeline. Because many pipeline releases 
involve cumulative and time-dependent damage, there is no practical way to trace the 
transp01tation history of a damaged pipeline to assess the role played by each type of crude oil 
and its properties in transport. 

Incident reporting systems in Canada and the United States do not have uniform reporting 
criteria and coverage. Given the relatively small number of pipeline incidents, even minor 
variations in reporting criteria can lead to significant differences in incident frequencies and 
causal patterns. Some rep01ting systems combine incident repo1ts from oil gathering and 
transmission systems, while others do not. Variation in rep01ting coverage is problematic 
because gathering pipelines are fundamentally different from transmission pipelines in design, 
maintenance, and operations and in the quality and quantity of the liquids they carry. 

Effects of Diluted Bitumen on Sources of Pipeline Damage 

The chemical and physical properties of diluted bitumen were examined in Chapter 5 to 
determine whether any differ sufficiently from those of other crude oils to increase the likelihood 
of pipeline failures from sources of damage internally or externally or from mechanical forces. 
Any differences that could affect either the frequency or severity of the failure mechanism or the 
ability to mitigate a potential failure mechanism would suggest a difference in failure likelihood. 
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No prope11ies were found to differ in any way that may change the likelihood of pipeline damage 
and failure. An assessment was also made with regard to whether pipeline operators transporting 
diluted bitumen alter their operating and maintenance procedures in ways that can make 
pipelines more prone to the causes of failure the procedures are intended to prevent. No 
differences were found in these procedures. Summaries of the assessments are presented in 
Box 6-1. 

Box 6-1 

Summary of Assessments of the Effects of Diluted Bitumen on 
Causes of Pipeline Damage 

Internal Degradation 
A review of product properties pertaining to internal pipeline corrosion and erosion did 
not find that shipments of diluted bitumen are any more likely than shipments of other 
crude oils to cause these failure mechanisms. Shipments of diluted bitumen do not 
contain unusually high levels of water, sediment, dissolved gases, or other agents that can 
cause internal corrosion. The organic acids contained in diluted bitumen are not corrosive 
to steel at pipeline temperatures. The densities and viscosities of diluted bitumen 
shipments are within the range of other crude oils, and the velocity and turbulence with 
which shipments flow through pipelines are comparable and limit the formation of 
corrosive deposits. On the basis of an examination of the factors that influence microbial 
growth, diluted bitumen does not have a higher likelihood than other crude oils of 
causing micro biologically influenced corrosion. Because shipments of diluted bitumen 
have solids content and flow regimes comparable with those of other crude oil shipments, 
they do not differ in their propensity to cause erosion of transmission pipelines. 

External Degradation 
Pipelines can sustain external damage from corrosion and cracking. Because diluted 
bitumen only contacts the inside of a pipeline, it can contribute to external degradation 
only as a result of changes in pipeline operational parameters, specifically pipeline 
temperature and pressure levels. Elevated operating temperatures can increase the 
likelihood of external corrosion and cracking by causing or contributing to the 
degradation of protective coatings and by accelerating rates of certain degradation 
mechanisms. Elevated operating pressures can cause stress loadings and concentrations 
that lead to stress-related cracking, particularly at sites of corrosion and preexisting 
damage. Because the densities and viscosities of diluted bitumen are comparable with 
those of other crude oils, it is transported at comparable operating pressures and 
temperatures. For this reason, the likelihood of temperature- and pressure-related effects 
is indistinguishable for diluted bitumen and other crude oils of similar density and 
viscosity. Consequently, diluted bitumen will not create a higher propensity for external 
corrosion and cracking in transmission pipelines. 

(continued) 
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Box 6-1 (continued) 

Mechanical Damage 
Mechanical damage to the pipeline and its components can occur as a result of 
overpressurization or outside forces. Mechanical forces can cause an immediate release 
or make the pipeline more susceptible to release by destabilizing suppo1t structures; 
damaging other components such as valves and joints; and weakening resistance to other 
failure mechanisms, such as corrosion attack. The study examined several possible 
causes of an increas·ed potential for mechanical damage due to the prope1ties of the 
transported liquid, including the potential for shipments of diluted bitumen to cause 
pressure surges or to interact with outside forces that can cause damage in pipelines. 
None of the prope1ties or operating parameters of diluted bitumen shipments was found 
to be sufficiently different from those of other crude oils to suggest a higher potential to 
cause or exacerbate mechanical damage in pipelines. 

Effects on Operations and Maintenance Procedures 
As common carriers, operators of transmission pipelines generally have the ability to 
transport the wide range of crude oil varieties that are in the commercial stream. 
Accordingly, operations and maintenance procedures are designed to be robust, capable 
of ensuring operational reliability and safety without the need for procedural 
modifications from one crude oil shipment to the next. The chemical and physical 
prope1ties of diluted bitumen shipments do not suggest that transp01ting them by pipeline 
requires operations and maintenance procedures that differ from those of other crude oil 
shipments having similar properties. Likewise, inquiries with operators and searches of 
industry guidelines and advisories did not indicate any specific issues associated with 
transporting diluted bitumen that would negatively affect operators as they carry out their 
standard operations and maintenance programs, including their corrosion detection and 
control capabilities. 

STUDY RESULTS 

Central Findings 

The committee does not find any causes of pipeline failure unique to the transportation of diluted 
bitumen. Furthermore, the committee does notfind evidence of chemical or physical properties 
of diluted bitumen that are outside the range of other crude oils or any other aspect of its 
transportation by transmission pipeline that would make diluted bitumen more likely than other 
crude oils to cause releases. 

Specific Findings 

Diluted bitumen does not have unique or extreme properties that make it more likely than other 
crude oils to cause internal damage to transmission pipelines from corrosion or erosion. Diluted 
bitumen has density and viscosity ranges comparable with those of other crude oils. It is moved 
through pipelines in a manner similar to other crude oils with respect to flow rate, pressure, and 
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operating temperature. The amount and size of solid paiiicles in diluted bitumen are within the 
range of other crude oils so as not to create an increased propensity for deposition or erosion. 
Shipments of diluted bitumen do not contain higher concentrations of water, sediment, dissolved 
gases, or other agents that cause or exacerbate internal corrosion, including microbiologically 
influenced corrosion. The organic acids in diluted bitumen are not corrosive to steel at pipeline 
operating temperatures. 

Diluted bitumen does not have properties that make it more likely than other crude oils to 
cause damage to transmission pipelines fi·om external corrosion and cracking or fi·om 
mechanical forces. The contents of a pipeline can contribute to external corrosion and cracking 
by causing or necessitating operations that raise the temperature of a pipeline, produce higher 
internal pressures, or cause more fluctuation in pressure. There is no evidence that operating 
temperatures and pressures are higher or more likely to fluctuate when pipelines transport diluted 
bitumen than when they transport other crude oils of similar density and viscosity. Furthermore, 
the transportation of diluted bitumen does not differ from that of other crude oils in ways that can 
lead to conditions that cause mechanical damage to pipelines. 

Pipeline operating and maintenance practices are the same for shipments of diluted 
bitumen and shipments of other crude oils. Operating and maintenance practices are designed to 
accommodate the range of crude oils in transpo1iation. The study did not find evidence 
indicating that pipeline operators change or would be expected to change such practices while 
transporting diluted bitumen. 

These study results do not suggest that diluted bitumen will experience pipeline releases 
at a rate that is higher than its prop01iion of the crude oil stream. Future pipeline releases can be 
expected to occur, and some will involve diluted bitumen. All pipeline releases can be 
consequential. As explained at the outset of this repo1i, the committee was not asked or 
constituted to study whether pipeline releases of diluted bitumen and other crude oils differ in 
their consequences or to determine whether such a study is warranted. Accordingly, the repo1t 
does not address these questions and should not be construed as having answered them. 
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APPENDIX A 

Questionnaire to Pipeline Operators on 
Transporting Diluted Bitumen 

The following questions were developed by the committee and given to the Canadian Energy 
Pipeline Association (CEPA) in January 2013. CEPA distributed the questionnaire to member 
pipeline companies and returned the results in March 2013. Operator responses are indicated in 
bold text. 1 

I. Please provide the following information: 
a. Total amount of transmission crude oil pipeline mileage: Approximately 24,000 
b. Mileage dedicated to dilbit service: Approximately 890 
c. Mileage in batch service: Approximately 20,530 
d. Percentage of barrels transported per day consisting of diluted bitumen: 

Operator A: 82 percent 
Operator B: 15 to 65 percent 
Operator C: 65 percent 
Operator D: 65 percent 
Operator E: 28 percent dilbit; 3 percent synbit 

2. Please provide the following parameters on the properties of diluted bitumen measured at 
points of custody transfer or in-line (as appropriate and available): 
Table A-1 includes information gathered on a best-effort basis. One operator also 
reported some data for synbit, and these data were included for reference. In 
addition, H2S data for a large number of crude oils are available from a study 
performed by Omnicon supported by several pipeline operators. These data were 
collected by using ASTM D5263 and have been included below for reference (see 
Figure A-1). 

3. How often (e.g., percentage of barrels transported) is specified basic water and sediment 
(BS&W) exceeded at diluted bitumen initial custody transfer? 
For dilbit batches, between 0 and 0.6 percent of the barrels transported exceeded 
specified limits. 

4. Is BS&W exceeded more often for diluted bitumen compared with other crude oils 
transported? 
Three operators reported no differences. In two cases, dilbit batches did exceed 
specified limits more often than other crude oils by a small margin of between 0.1 
and 0.3 percent. 

1 
API =American Petroleum Institute; C02 =carbon dioxide; H2S =hydrogen sulfide; KOH= potassium hydroxide; 02 = 

oxygen; ppm = parts per million; ppmw = parts per million by weight; psi = pounds per square inch; TAN = total acid number. 
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TABLE A 1 0 t R j - 'Pera or espouses t Q f 2 0 ues 100 

Parameter Operator Average Normal Range Extreme High 

A 0.35 0.25 to 0.40 0.5 

B 0.21 0.05 to 0.36 0.36 

Total BS&W (volume c 0.18 0.11to0.25 0.5 
percentage) D 0.26 0.05 to 0.5 0.5 

E (dilbit) 0.28 0.1 to 0.38 0.5 

E (synbit) 0.31 0.28 to 0.34 0.5 

Water share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Sediment share ofBS&W c 50 percent 40 to 60 percent 100 percent 

Solid content (ppmw) B 0 to 0.01 
Solids particle size 
(microns) Not routine) v measured in crude oil 

B 6.77 0.1 to 11.1 11.1 

H2S (ppmw) c <0.5 10 

E <0.5 <0.5 

Carbon dioxide (ppm) Not routinely measured in crude oil 

Oxygen (nnm) Not routinely measured in crude oil 

A 3.8 3.62 to 3.85 

B 
.., .., 

2.45 to 4.76 4.8 .J • .J 

Sulfur (weight c 3.8 3.79 to 3.89 4.0 
percentage) D 3.7 3.0 to 4.1 4.1 

E (dilbit) 4.0 3.46 to 4.97 5.2 

E (synbit) 3.1 3.04 to 3.21 3.5 

A 21.5 19.0 to 23.1 

B 20.6 19.3 to 21.3 

API gravity 
c 22.1 21.4 to 22.2 

D 21 19.0 to 23.3 

E (dilbit) 21.5 20.3 t 21.9 

E (synbit) 19.8 19.5 to 20.1 

B 5.1 2.54 to 7.58 7.58 

c 7 

Reid vapor pressure (psi) D 8 3 to 11.8 11.8 

E (dilbit) 7.3 5.85 to 7.79 14.9 

E (synbit) 3.1 2.4 to 3.0 14.9 

A l 0.85 to 1.05 

B 1.6 1.0 to 2.17 3.34 

TAN (mg KOH/g) 
c 1.6 1.52 to 1.64 1.82 

D 1.06 0.6 to 1.9 1.9 

E (dilbit) 1.3 0.92 to 2.49 3.75 

E (svnbit) 1.6 1.4 to 2.22 2.5 

(continued) 
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TABLE A 1 ( t" cl) 0 t R - con mue 'Pera or espouses t Q f 2 0 ues ion 
Parameter Operator Average Normal Range Extreme Hil!;h 

A 30 26 to 34 40 

Transport temperature 
10 (winter); 22 

B (summer) 4 to 29 32 
(

0 C), transmission c 15 5 to 35 50 pipelines 
D 27 13 to 43 43 

E 17 9.5 to 22.7 25.4 

A 4 2.0 to 6.0 

B 6.56 4.5 to 7.2 8.2 
Flow rate (ft/s) in c 2.5 0.5 to 4.7 5.0 transmission pipelines 

D 6.7 4.8 to 8.2 8.2 

E 3.63 3.63 4.04 

A 930 700 to l,200 l,300 

B 600 43.5 to 1,160 l,440 
Pressure (psi) in c 500 175 to 1,350 1,440 transmission pipelines 

D 430 50 to 1,440 1,440 

E 750 750 1,095 

5. Do tank storage methods for diluted bitumen differ from those of other crudes to possibly 
affect level of 02, C02, water, and other contaminants? 
No, the storage method is the same as for all crude oil commodities. Dilbits are 
generally stored in their own commodity group to reduce downgrading. 

6. Note any differences in set points for safety and control instrumentation for pipelines in 
diluted bitumen service as opposed to lines in other service: 
There are no differences. Standards and procedures are in place for control that are 
generic for all crude oil commodities shipped. The standards and procedures are 
structured to ensure safe operation regardless of the commodity. 

7. Note any differences in the frequency of shutdowns, low-flow, and non-turbulent flow 
conditions while in diluted bitumen service: 
There are typically no differences that are related to dilbit service. One operator 
reported a small increase of shutdown frequency due to BS& W exceedance. 

8. Note any special surge control equipment and/or vibration monitors on pipelines that 
carry diluted bitumen: 
No special equipment has been installed specifically to accommodate dilbit. 

9. Are drag reducing agents used for diluted bitumen transportation? 
If so, does their use differ (more or less?) compared with other crude types? 
Three of five operators are currently not using drag-reducing agents for dilbit 
transportation. The use of drag-reducing agents is not specific to dilbit 
transportation. Their use is based on the operational requirements of a particular 
pipeline segment and throughput required. 
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10. Do pipelines undergo more pressure cycling when in diluted bitumen service? 
The operating philosophy and function of a pipeline drive pressure cycling, not the 
type of product transported. Batching between heavy and light products in the same 
pipeline may cause additional cycling; however, this is related to the switch in 
products rather than the products themselves. One operator reported that dilbit 
service lines cycle less frequently than those in conventional crude oil service. 

11. Are pressure cycles measured and monitored for use in fatigue calculations? 
Three of five operators currently monitor and use pressure cycles in fatigue 
calculations, and one operator is planning to complete this activity in the future. 
One operator does not currently complete this activity. 

12. Are corrosion inhibitors, including biocides, used for diluted bitumen shipments? 
If so, do quantities differ from those used for other crude types? 
Three of the operators use chemical treatment for bacteria or corrosion control in at 
least some of their pipelines. Chemical treatment requirement is determined by the 
flow conditions and pipeline condition. When such treatments are required, the 
volume and quantities are the same as for other crude oil pipelines. 

13. Is cleaning required at different intervals for pipelines in diluted bitumen service versus 
pipelines in other service? 
The requirement for a cleaning program and cleaning intervals are primarily 
determined by consideration of flow conditions and the potential for water and 
sediment deposition for all crude oil types. No differences in cleaning intervals were 
reported by any operator. 

14. Is the debris from pig cleaning analyzed? 
If so, note any differences in composition for pipelines in diluted bitumen service? 
Four of five operators complete testing of debris from pig cleaning, and no 
differences in composition have been reported for pipelines in dilbit service versus 
other heavy commodity pipelines. For pipelines in batch service with multiple 
products including dilbit, it is not possible to differentiate the sediment collected. 

15. Is there any evidence from in-line inspection and/or other corrosion monitoring activities 
indicating unusual or unexpected corrosion locations for lines in diluted bitumen service? 
Corrosion in heavy-oil pipelines can occur in areas where water or sediment 
accumulates-including low areas, critical inclines, and overbends. The latter 
location was unexpected when it was identified in 2005, but this does not appear to 
be unique to dilbit pipelines and is common to heavy commodities in general. No 
unusual or unexpected corrosion locations have been attributed to dilbit service. 

16. Note any difference in clogging or wear of equipment, such as pumps, for lines in diluted 
bitumen service: 
No clogging or unusual wear has been identified for lines in dilbit service. 
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17. Note any differences in predictive/preventive maintenance practices for lines in dilbit 
service: 
No special predictive or preventive maintenance practices are required for dilbit 
pipelines. 

18. More generally, do you have integrity management programs specific to lines in dilbit 
service? 

E 
0. 
0. 

~ 
Vl 

N 

::i::: 

No, dilbit lines are incorporated into overall integrity management programs. In 
more than 25 years of diluted bitumen service on some pipelines, no unique or more 
severe threats specific to diluted bitumen service have been observed. 
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FIGURE A-1 Supplemental information on H2S content. 
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APPENDIXB 

Federal Pipeline Safety Regulatory Framework 

ORIGINS OF HAZARDOUS LIQUIDS PIPELINE SAFETY REGULATION 

The Hazardous Liquid Pipeline Safety Act (HLPSA) of 1979, as amended, provides the statutory 
authority for the U.S. Department of Transportation (USDOT) to establish regulatory standards 
for the transportation of hazardous liquid by pipelines, including those transporting crude oil.1 

Within the department, authority to carry out the act is delegated to the Pipeline and Hazardous 
Materials Safety Administration (PHMSA), which implements its authority through the Office of 
Pipeline Safety (OPS). OPS promulgates rules governing the design, construction, testing, 
inspection, maintenance, and operations of hazardous liquid pipelines. The regulations are 
intended to establish minimum safety standards applicable to all hazardous liquid pipeline 
facilities, thereby setting a safety floor that all operators must meet across the spectrum of 
pipeline systems. The regulations cover pipelines that transport crude as well as refined products. 

A review of past OPS rulemaking notices reveals that as the regulatory program evolved 
and matured, USDOT and Congress began to question whether the regulatory program was 
having sufficient effect in reducing the risk of transpo1iing hazardous liquid by pipeline. A 
central concern was that individual pipeline operators could be complying with each of the 
actions prescribed in the federal rules in a procedural, or "checklist," manner without really 
knowing whether these actions were collectively producing the desired safety assurance. Because 
pipeline facilities vary in their designs, construction, environments, and operating histories, 
specific safety assurance methods-including those not prescribed in federal rules-might be 
more suitable for one facility than for another. Moreover, OPS had long been concerned that it 
could not identify all facility-specific risks, which made a strictly prescriptive approach to safety 
regulation impractical. The changes made in response to these concerns have led to changes in 
the role of OPS and to new expectations for safety assurance by the pipeline industry. 

PRESCRIPTIVE AND PERFORMANCE-BASED STANDARDS 

After several major pipeline releases during the late 1980s and early 1990s, OPS staiied 
experimenting with other regulatory approaches to accompany its rules, which prescribed such 
specific actions as maintaining operating pressure at levels not to exceed 72 percent of specified 
minimum yield strength (SMYS).2 The agency sponsored a series of demonstration projects that 
gave operators the incentive and flexibility to tailor their safety assurance methods to their 
specific circumstances. OPS reasoned that because pipeline operators have the most 
comprehensive and detailed knowledge of their systems, they are in the best position to devise 
their safety assurance programs, as long as they are given the motivation, tools, and regulatory 
flexibility to make effective choices.3 

1 Rulemaking to begin implementation ofHLPSA began in 1981 (Federal Register, Vol. 46, No. 143, July 27, 1981) and can be 
found at http://phmsa.dot.gov/staticfiles/PHMSA/hrmpdfs/l 981 %20hist%20rulemakings/46%20FR %2038357.pdf. 
2

§195.406. 
3 See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 
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In 2000, OPS issued a landmark rulemaking titled Pipeline Integrity Management in High 
Consequence Areas.4 Rather than prescribing specific operations and maintenance procedures, 
new rules laid out the key steps to be followed in developing and implementing a rationalized 
integrity management program based on principles of risk management. The regulations defined 
the core elements of the required program, such as the development of a written plan explaining 
how risks are to be identified; the logic used in choosing the tools, methods, and schedules 
employed for detecting and assessing risks; and the timetable for completing risk assessments 
and correcting deficiencies. The rules were written in performance-based language that does not 
tell operators exactly how they must conduct the risk assessments or precisely how they must act 
to mitigate identified risks. For example, if internal corrosion is identified as a threat in a 
particular pipeline segment, the operator is held responsible for selecting the best means to 
mitigate it-by using corrosion inhibitors, increasing the frequency of line cleaning, shortening 
inspection intervals, or selecting other defensible options. 

Although performance-based rules have the advantage of allowing customized responses 
to specific circumstances, they can at times lack the clarity of a specific measure prescribed in 
rules applicable to all.5 Accordingly, OPS has retained many of its prescriptive rules and 
continues to adopt new ones, depending on the safety concern. Box B-l outlines the basic set of 
rules governing the transpmiation of hazardous liquids by pipeline, as contained in the Code of 
Federal Regulations, Title 49, Part 195. Examples of prescriptive rules, in addition to the 
aforementioned standard for maximum operating pressure, are those concerning pipeline design 
and construction features, such as the requirement for shutoff valves located at each side of a 
water crossing.6 Nevertheless, in instances where alternatives to prescribed measures have safety 
merit, the operator can seek a waiver, or special permit, from OPS by demonstrating that the 
alternative measures will yield the same or higher levels of safety than the prescribed ones.7 

An example of a special permit application is the original plan of TransCanada 
Corporation to construct the Keystone XL pipeline. When the pipeline was first proposed in 
2008, the company petitioned OPS to allow for maximum operating pressures of 80 percent of 
SMYS. OPS agreed to the special permit conditioned on TransCanada Corporation implementing 
57 measures not currently delineated in the regulations and on adding a degree of rigor not 
currently required. The conditions covered, among other things, quality control checks during the 
manufacture and coating of the pipe, tighter valve spacing, remote control valves, monitoring 
and control of operating temperatures, more frequent pig cleaning, and specific limits on the 
levels of water and sediment contained in the products transported. Although TransCanada 
Corporation eventually withdrew the special permit application, it agreed to comply with the 57 
conditions as part of its separate presidential application to build and operate a pipeline that 
crosses a national border.8 

4 
See Federal Register, Vol. 65, No. 237, Dec. 8, 2000. 

5 
For example, the National Transportation Safety Board recently urged PHMSA to revise the integrity management-high 

consequence area rule to better define when an assessment of environmental cracks must be performed, acceptable engineering 
methods for such assessments, and specific treatments that must be applied when cracks are found. http://www.ecfr.gov/cgi
bin/text-idx?c=ecfr&SID=4c83a26cf5fcbaf90e350dddcff30 I 66&rgn=div8&view=text&node=49:3. I. l .1.11.6.22.28&idno=49. 
6 

§195.260. 
7 

These are general regulations also pertaining to natural gas pipelines and are thus contained in 49 CFR Part 190. 
8 

In 2008, TransCanada Corporation proposed the addition of a new hazardous liquid transmission pipeline, called the Keystone 
XL, which would originate in Alberta and terminate in Steele City, Nebraska. Because the pipeline crossed the U.S. border, it 
required presidential approval. Public Law 112-78 required the president to act on the application within 60 days of the law's 
enactment on December 23, 2011. In early 2012, President Barack Obama denied the application, citing a review by the U.S. 
Department of State that expressed the need for more information to consider relevant environmental issues and the 
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Finally, in addition to having special permit authority, OPS has broad authority in the 
name of public safety to demand that pipeline operators take certain actions not specifically 
called for in regulations. For example, if the agency discovers a hazardous condition, it can issue 
orders requiring operators to take certain responsive or precautionary measures.9 On discovering 
a condition that may be of concern to multiple pipelines, OPS can issue advisory bulletins that 
notify operators about the condition and how it should be corrected. 

SUPPORTIVE PROGRAMS 

The emphasis on risk- and performance-based standards has not only affected OPS rulemaking 
activity but also changed other aspects of its safety oversight program. Where it does not 
prescribe specific safety actions or practices, OPS seeks to ensure that operators are in 
compliance with the performance-oriented demands outlined in the regulations. Aided by its 
inspection and enforcement capabilities, OPS will verify that pipeline operators are developing 
and implementing risk management programs that have a rigorous and technically sound basis. A 
checklist compliance inspection approach is not considered adequate. Inspecting for compliance 
under these circumstances requires an approach more akin to a quality assurance audit to ensure 
that operators are following a well-defined set of actions. In addition, the advent of performance
based regulations has meant that OPS safety researchers now have responsibility for providing 
technical guidance to aid operators in developing rigorous risk management programs, including 
development of the requisite analytic tools. 

About half of the 200-person OPS staff is responsible for inspecting pipeline facilities, 
with assistance from more than 300 state inspectors. Inspectors are authorized to review the 
manual for operations and maintenance required of each operator. Inspectors also review records 
documenting the evaluations that have been performed to identify and prioritize risk factors, 
devise integrity management strategies, and prioritize the preventive and mitigative measures. If 
OPS has reason to believe that a specific risk factor is escaping the scrutiny of a pipeline 
operator, it can review company records to determine whether and how the risk is being treated. 
As described in Chapter 4, PHMSA also requires operators to report incidents involving releases 
from pipelines. The agency uses the reports to guide its regulatory, inspection, and enforcement 
priorities. 

Through its research and engineering capacity, OPS can assist pipeline operators in 
complying with both prescriptive and performance-based rules. In 2012, the agency funded about 
$7 million in research, with most projects conducted in collaboration with industry through 
cooperative programs such as the Pipeline Research Council International, Inc. Much of the 
research is designed to help operators comply with regulatory demands; for example, by 
developing tools and methodologies to detect and map pipeline leaks, locate and diagnose faults 
in cathodic protection systems, inspect lines that cannot be pigged, and conduct risk analyses. 
Research projects are also designed to provide technical support for industry standard-setting 
activities; for example, by evaluating new test methods being considered by standards 
development committees. 

consequences of the project on energy security, the economy, and foreign policy (Federal Register, Vol. 77, No. 23. Feb. 3, 2012, 
p. 5614). 
9 

49 CFR §190. 
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Box B-1 

Summary of Coverage of Federal Hazardous 
Liquid Pipeline Safety Regulations 

Title 49, Part 195-Transportation of Hazardous Liquids by Pipeline 

Subpart A-General 

§195.0 to 
§195.12 

Subpart B-Reporting 

§ 195.48 to 
§ 195.64 

Subpart C-Design 

§195.100 to 
§195.134 

Subpart D-Construction 

§ 195.200 to 
§ 195.266 

Regulation coverage, definitions, incorporations by 
reference of consensus standards, and compliance 
responsibility. 

Includes reporting requirements for accidents and 
safety-related conditions as well as requirements for 
operators to provide assistance during investigations. 

Includes pipe and component design requirements 
governing design temperature, internal design 
pressure, external pressure and loads, valves and 
fittings, closures and connections, and station pipe 
and breakout tanks. 

Includes construction-related requirements governing 
material inspection, transportation of pipe, location of 
pipe, installation and coverage of pipe, welding 
procedures and welder qualifications, weld testing and 
inspection, valve location, pumping stations, and 
crossings of railroads and highways. 

Subpart E-Pressure Testing 

§ 195.300 to Includes requirements governing pressure testing of 
§ 195.31 O pipe, components, tie-ins, and breakout tanks. Also 

contains requirements for risk-based alternatives to 
pressure testing of older pipelines. 

Subpart F-Operations and Maintenance 

§ 195.400 to Includes requirements for an operations, maintenance, 
§ 195 .452 and emergency response manual; maximum operating 

pressure; inspections of breakout tanks and rights-of
way; valve maintenance; pipe repairs; line markers 
and signs; public awareness and damage prevention 
programs; leak detection and control room 
management; and integrity management in high
consequence areas. 

(continued) 
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Box B-1 (continued) 

Subpart G-Qualification of Pipeline Personnel 

§ 195.501 to Requirements for qualification programs and record 
§195.509 keeping. 

Subpart H-Corrosion Control 

§ 195.551 to Includes regulations on coatings for external 
§ 195 .589 corrosion control, coating inspection, cathodic 

protection and test leads, inspection of exposed pipe, 
protections from internal corrosion, protections 
against atmospheric corrosion, and assessment of 
corroded pipe. 

Appendix A 

Appendix B 

Appendix C 

Delineates federal and state jurisdiction. 

Risk-based alternative to pressure testing older 
pipelines. 

Guidance for integrity management program 
implementation. 
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July 23 

9:45 a.m. 

11 :30 a.m. 

1:00 p.m. 
Crude 

1:45 p.m. 

2:30 p.m. 

3:30 p.m. 

4:15 p.m. 

APPENDIX C 

Data-Gathering Sessions 

Committee for a Study of Pipeline Transportation of Diluted Bitumen 

First Meeting 
July 23-24, 2012 
Washington, D.C. 

Briefing by study sponsor, Pipeline and Hazardous Materials Safety 
Administration (PHMSA) 

Linda Daugherty, Deputy Associate Administrator for Policy and Programs 
Alan Mayberry, Deputy Associate Administrator of Field Operations 
Jeffery Gilliam, Senior Engineer and Project Manager 

• Origins and scope of study 
• Overview of PHMSA's regulatory program 
• Agency data sources and technical reports 
• Additional background 

Overview of relevant industry consensus standards and state of the practice in 
detecting, preventing, and mitigating internal corrosion of oil pipelines 

0 liver Moghissi, President, National Association of Corrosion Engineers 
(NACE), and Director, DNV Columbus, Inc 

Alberta Innovates report, Comparison of Corrosivity of Dilbit and Conventional 

John Zhou, Albe1ia Innovates Energy and Environment Solutions 
Harry Tsaprailis, Alberta Innovates Technology Futures 

Industry associations 
Peter Lidiak, Director, Pipelines, American Petroleum Institute 

Operator experiences-Enbridge Pipelines, Inc. 
Scott Ironside, Director, Integrity Programs 

Operator experiences-TransCanada Corporation 
Bruce Dupuis, Program Manager, Liquid Pipeline Integrity 
Jenny Been, Corrosion Specialist, Pipe Integrity 

Concerns raised in Natural Resources Defense Council (NRDC) report 
Anthony Swift, Attorney, International Program, NRDC 
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5:00 p.m. 

5:45 

July 24 

9:35 a.m. 

10:15 a.m. 

11 :00 a.m. 

12:15 p.m. 

( 
8:40 a.m. 

9:30 a.m. 

10:45 a.m. 

12:30 p.m. 

1:30 p.m. 

3:00 p.m. 

General discussion 

Adjournment 

National Energy Board (NEB)-Overview of Regulatory, Data, and Technical 
Activities 

Iain Colquhoun, Chief Engineer, NEB 

Standard and Non-Standard Methodologies to Evaluate Crude Oil Corrosivity 
Under Pipeline Operating Conditions 

Sankara Papavinasam, Senior Research Scientist, CanmetMATERIALS 

Public forum 

Adjournment 

Subcommittee Meeting 
October 9, 2012 

Edmonton, Alberta 

Introductions: Enbridge Pipelines, Inc.; TransCanada; Inter Pipeline; Kinder 
Morgan; Crude Quality, Inc. 

Experience with diluted bitumen quality and cleanliness when entering the 
pipeline system 

Pipeline control and operations: diluted bitumen versus conventional crude oils 

Integrity knowledge of pipelines 
Findings from inspecting pipelines in high consequence areas for anomalies 

Other presentations 

Tour of Natural Resources Canada, CanmetENERGY laboratory 
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Second Committee Meeting 
October 23, 2012 
Washington, D.C. 

Overview of pipeline equipment, field operations, control center, leak detection, 
maintenance, regulation, and economics 

Thomas Miesner, Pipeline Knowledge and Development 

Background on crude oils and diluted bitumen 
Harry Giles, Executive Director, Crude Oil Quality Association 
Randy Segato, Suncor Energy 
Andre Lemieux, Canadian Crude Quality Technical Association 

Diluted bitumen: chemical and physical properties 
Heather Dettman, Natural Resources Canada, CanmetENERGY 

Evidence from pipeline incident repo1ting systems 
PHMSA data: Jeffery Gilliam and Blaine Keener, PHMSA 
Pipeline Performance Tracking System: Peter Lidiak, American Petroleum 
Institute, and Cheryl Trench, Allegro Energy Consulting 

Overview of PHMSA supplemental regulatory authorities to mitigate risk 
Jeffery Gilliam, PHMSA 

Adjournment 

Third Committee Meeting 
January 31, 2013 
Washington, D.C. 

Summary of NACE conference proceedings on heavy oil and corrosion 
Sankara Papavinasam, Senior Research Scientist, Natural Resources Canada, 
CanmetMA TERIALS 

Operational experience transporting heavy crude oils by pipeline in California 
A1t Diefenbach, Vice President of Engineering, Westpac Energy 

Overview of federal hazardous liquid pipeline regulatory approach 
Jeffrey Wiese and Jeffery Gilliam, PHMSA 

Changing patterns of crude oil supply and demand 
Geoffrey Houlton, Senior Director, Global Crude Oil Market Analysis, IHS 

Adjournment 
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Crude Oil at the Bemidji Site: 25 Years of 
Monitoring, Modeling, and Understanding 
by Hedeff I. Essaid 1

•
2

, Barbara A. Bekins2
, William N. Herkelrath2

, and Geoffrey N. Delin3 

Abstract 
The fate of hydrocarbons in the subsurface near Bemidji, Minnesota, has been investigated by a 

multidisciplinary group of scientists for over a quarter century. Research at Bemidji has involved extensive 
investigations of multiphase flow and transport, volatilization, dissolution, geochemical interactions, microbial 
populations, and biodegradation with the goal of providing an improved understanding of the natural processes 
limiting the extent of hydrocarbon contamination. A considerable volume of oil remains in the subsurface today 
despite 30 years of natural attenuation and 5 years of pump-and-skim remediation. Studies at Bemidji were 
among the first to document the importance of anaerobic biodegradation processes for hydrocarbon removal and 
remediation by natural attenuation. Spatial variability of hydraulic properties was observed to influence subsurface 
oil and water flow, vapor diffusion, and the progression of biodegradation. Pore-scale capillary pressure-saturation 
hysteresis and the presence of fine-grained sediments impeded oil flow, causing entrapment and relatively large 
residual oil saturations. Hydrocarbon attenuation and plume extent was a function of groundwater flow, compound
specific volatilization, dissolution and biodegradation rates, and availability of electron acceptors. Simulation of 
hydrocarbon fate and transport affirmed concepts developed from field observations, and provided estimates of 
field-scale reaction rates and hydrocarbon mass balance. Long-term field studies at Bemidji have illustrated that 
the fate of hydrocarbons evolves with time, and a snap-shot study of a hydrocarbon plume may not provide 
information that is of relevance to the long-term behavior of the plume during natural attenuation. 

Introduction 
It has long been recognized that spills of crude oil, 

gasoline, aviation fuel, diesel fuel, heating oil, and other 
petroleum hydrocarbon fuels all pose a risk of ground
water contamination by benzene, toluene, ethylbenzene, 
and xylenes (BTEX) (Council on Environmental Quality 
1981 ). Significant research efforts initiated in the 1980s 
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(summarized by Mercer and Cohen 1990; Chapelle 1999; 
Cozzarelli and Baehr 2003; Oostrom et al. 2006) were 
devoted to understanding the processes controlling the 
subsurface flow, dissolution, volatilization, and biodegra
dation of nonaqueous phase liquid (NAPL) hydrocarbon 
mixtures so that effective remediation strategies could be 
designed. These studies ranged from laboratory experi
ments to field studies, and involved the development and 
application of complex numerical models. 

By the mid-1990s, considerable evidence suggested 
that the extent of subsurface hydrocarbon plumes was 
limited by natural attenuation processes, mainly biodegra
dation of hydrocarbons by naturally occurring bacteria 
(National Research Council 1993, 2000; Wiedemeier et al. 
1999). The high costs of hydrocarbon source removal and 
groundwater cleanup, as well as recognition of the lim
ited effectiveness of pump and treat systems (National 
Research Council 1994), led the Environmental Protec
tion Agency (EPA) to adopt guidelines for risk-based site 
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Figure 1. Aerial view of the Bemidji, Minnesota, crude-oil spill research site showing the site of the pipeline break, surface 
area impacted by oil spill, approximate extent of north, middle, and south oil pools floating on the water table, general 
direction of groundwater flow, and locations of cross sections shown in subsequent figures (modified from Delin et al. 1998; 
approximate extent of subsurface oil, August 1998, modified from Lakehead Pipe Line Co., written communication 1998). 

assessments (EPA 1995) and the application of natural 
attenuation for petroleum hydrocarbons in groundwater 
(EPA 1997). In some cases, regulatory decisions of "no 
further action" (also known as site closure) were imple
mented at sites where groundwater benzene concentra
tions were dropping but did not yet meet state cleanup 
standards. The expectation was that natural attenuation 
would result in a continuing decrease in concentrations 
(Pelayo et al. 2008). However, a recent survey of 10 
closed hydrocarbon contaminated sites in Wisconsin has 
shown that benzene concentrations exceed those measured 
at the time of site closure at five of the sites (Pelayo 
et al. 2008). The Wisconsin results indicate that natural 
attenuation of petroleum hydrocarbons can take longer 
than expected and that attenuation rates can change with 
time. Understanding the progression and evolution of 
natural attenuation processes, and determining the fac
tors that control the spatial and temporal extent of a 
subsurface hydrocarbon plume, has been the subject of 
over 25 years of research at the crude-oil spill site near 
Bemidji, Minnesota. 

On August 20, 1979, approximately 16 km north
west of Bemidji, an 86-cm diameter crude-oil pipeline 
burst along a seam weld, spilling about 1.7 x 106 L 
(10,700 barrels) of crude oil onto glacial outwash deposits 

2 H.I. Essaid et al. GROUND WATER 

(Figure 1) (Pfannkuch 1979; Hult 1984; Enbridge Energy 
2008). The oil sprayed over an area of about 6500 m2 

(the spray zone) and collected in a wetland and topo
graphic depressions where crude oil infiltrated through 
the unsaturated zone to the water table resulting in three 
subsurface oil bodies (termed the north, middle, and south 
oil pools, Figure 1). An estimated 1.1 x 106 L (6800 bar
rels) of the spilled oil was removed by pumping from 
surface pools and trenches, and an additional 0.2 x 106 

L (1300 barrels) was removed by burning and excava
tion of soil. After cleanup efforts were completed in 1979 
to 1980, about 0.4 x 106 L (2600 barrels) of crude oil 
remained in the subsurface. The NAPL oil trapped in the 
unsaturated zone and floating on the water table has pro
vided a continuous source of hydrocarbon contamination. 
Hydrocarbon compounds have volatilized and dissolved 
from the oil at varying rates, changing the source compo
sition and forming a soil vapor and groundwater plume 
within physically and chemically heterogeneous subsur
face sediments (Figure 2). The compounds have been 
transported mainly by diffusion (with some advection) in 
the unsaturated zone, and by advection and dispersion 
in the saturated zone. Reactions and biodegradation have 
transformed the hydrocarbons to less toxic compounds, 
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Figure 2. Generalized vertical cross section illustrating the 
fate and transport of spilled hydrocarbons in the subsurface 
(modified from Delin et al. 1998). Hydrocarbons infiltrate the 
subsurface as a separate oil phase, resulting in a residual oil 
source in the unsaturated zone and an oil body floating on the 
water table. Volatilization and dissolution of hydrocarbons 
from the oil phase produce vapor and groundwater plumes. 
The extent of these plumes is moderated by biodegradation 
and geochemical reactions that take place in a heterogeneous 
porous medium. 

modified the subsurface redox conditions, and resulted in 
changes in mineral characteristics. 

A long-term, interdisciplinary research project spon
sored by the U.S. Geological Survey Toxic Substances 
Hydrology Program was established at the Bemidji site in 
1983 in response to the research community's need for 
in situ field-scale studies of hydrocarbon fate to comple
ment ongoing experimental and modeling efforts (Delin 
et al. 1998). An overview of the project with site maps and 
data is available at http://toxics.usgs.gov/sites/bemidji_ 
page.html and http://mn.water.usgs.gov/projects/bemidji/. 
Research at this site has been oriented toward characteriz
ing and quantifying the physical, chemical, and biological 
processes controlling the fate of hydrocarbons in the sub
surface. From 1983 to 1999, scientists working at the site 
were able to study and document the extent and progres
sion of hydrocarbon contamination under natural, undis
turbed conditions. In 1999, a 5-year remediation effort 
focused on removing the NAPL oil source was initiated 
by the pipeline company in response to a mandate from 
the Minnesota Pollution Control Agency. 

Twenty-five years of comprehensive, interdisciplinary 
research has made Bemidji one of the best charac
terized hydrocarbon spill sites in the world and has 
resulted in over 200 publications (complete list available 
at http://toxics.usgs.gov/bib/bib-bemidji.html). Research 
efforts at Bemidji have focused on developing and apply
ing methods for measuring and investigating in situ prop
erties and processes. Work at the site has ranged from 
characterization of microscopic-scale water-mineral inter
actions to plume-scale geochemical and microbial evo
lution, and has included testing of complex models of 
multiphase flow, reactive transport, and biodegradation. 
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Investigations have involved the collection and analy
sis of more than 5000 samples of crude oil, water, soil, 
vapor, sediment, and microbes. The NAPL oil distribution 
and composition have been characterized and modeled 
to provide an understanding of the nature of the contin
uous hydrocarbon source. Monitoring and modeling of 
the geochemistry of the contaminated aquifer have eluci
dated the chemical and biological processes controlling 
the evolution and extent of the groundwater and soil 
vapor hydrocarbon plumes. Simulation has been used to 
test conceptual models, quantify properties and rates, and 
evaluate hydrocarbon mass balance. This paper presents 
an overview of Bemidji studies that have contributed to 
understanding the fate of hydrocarbons in the natural field 
setting. The approaches developed and processes studied 
at Bemidji are universal and can be adapted and used to 
evaluate other hydrocarbon spill sites. 

Site Hydrogeology 
The Bemidji oil spill is located in a pitted and dis

sected outwash plain comprised of moderately calcareous, 
moderately to poorly sorted sandy gravel, gravelly sand 
and sand with thin interbeds of silt (Franzi 1988). The 
average organic carbon content of these sediments was 
0.09% (Baedeckeret al. 1993), and the mean porosity was 
0.38 (Dillard et al. 1997). At a depth of 18 to 27 m the 
outwash sediments are underlain by a low-permeability till 
layer. Local groundwater flow is to the northeast and dis
charges to an unnamed lake 300-m downgra~ient from the 
point of the pipeline rupture (Figure 1). Depth to the water 
table ranges between 0 (near the wetland) and 11 m, and 
water levels fluctuate as much as 0.5 m seasonally. The 
observed average water-table gradient was 0.0035 m/m 
(Essaid et al. 2003). Estimates of mean hydraulic con
ductivity at the north oil pool site ranged from 5.6 x 
10-6 mis (estimated from particle-size distributions, Dil
lard et al. 1997) to 7.0 x 10-5 mis (calibrated model 
estimate, Essaid et al. 2003). Mean porosity, conductivity, 
and gradient estimates yield average velocity estimates 
that range between 0.004 and 0.056 m/day. A small-scale 
natural-gradient bromide tracer test conducted within the 
hydrocarbon plume, along a 1.6-m long flow path 57-m 
downgradient from the center of the oil body, yielded a 
mean flow velocity of 0.06 m/day and longitudinal dis
persivity of 0.15 m (Essaid et al. 2003). 

Mean annual temperature and precipitation at the 
site are 3°C and 0.58 m, respectively (National Oceanic 
and Atmospheric Administration 1983). Recharge rates 
at the site have been estimated using a water-table fluc
tuation method and an unsaturated zone water balance 
method based on time-domain-reflectometry measured 
soil moisture (Delin and Herkelrath 1999, 2005; Herkel
rath and Delin 2001). Estimated values range from 0.1 
to 0.3 m/year. The greatest recharge rates have been 
observed below areas of topographic lows, primarily 
as a result of accumulation of surface runoff in these 
depressions-the same depressions where spilled crude 
oil infiltrated to the water table. 
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The Oil Phase Hydrocarbon Source 
Crude oil is a complex mixture of hydrocarbon 

compounds that volatilize into the gas phase, dissolve 
in water, and biodegrade at different rates. The NAPL 
oil distribution in the subsurface affects its contact with 
the water and gas phases and consequently the rates of 
volatilization and dissolution of hydrocarbons. Increased 
oil in the pore space decreases the ease with which water 
and air can flow past the oil and reduces the oil surface 
area in contact with air and water phases, reducing the 
transfer of hydrocarbons. Furthermore, as mass transfer of 
hydrocarbon components from the oil to soil gas and water 
progresses, and biodegradation occurs, the composition 
of the hydrocarbon mixture in the oil changes. These 
processes can be individually isolated and studied in 
laboratory experiments, however, in the field they occur 
simultaneously with complex interactions. 

Oil Phase Distribution 
Characterizing the subsurface oil-phase distribution 

is a necessary step for understanding the influence of the 
NAPL oil source on the vapor and groundwater plumes. 
Often, the only information available at a field site is 
the thickness of oil floating on water in an observation 
well, a measurement that does not correlate well with the 
thickness of oil in the adjacent sediments (Kemblowski 
and Chiang 1990). Methods to determine the subsurface 
distribution of oil saturation, the fraction of the pore 
space occupied by oil (volume of oil/volume of pore 
space), were developed and applied at the Bemidji site. 
In 1989 and 1990, cores were collected at the south and 
north oil pools (Figure 3) using a sampling technique 
that could recover relatively undisturbed core samples 
from both the unsaturated and saturated zones while 
maintaining the in situ pore-fluid distribution (Hess et al. 
1992). Cores were immediately frozen and cut into· 78-
mm long sections. Oil and water saturations, porosity, 
and particle-size distribution were determined for 146 core 
sections aligned along a 120-m transect at the south pool 
(Hess et al. 1992), and 269 core sections aligned along a 
90-m transect at the north pool (Dillard et al. 1997). Both 
transects were approximately parallel to the direction of 
groundwater flow. 

The observed south pool oil body (Figure 3A) was 
more than 70 m long with, the greatest oil saturation 
(0.62) measured near its center in a localized zone of 
high oil saturations. Outside this zone there was a large 
area with oil saturations less than 0.20. The oil body was 
asymmetric and it appeared that there may have been 
some downgradient lateral migration of oil below the 
water table, possibly through zones of high permeability. 
The thickness of oil measured in three wells at the time 
of core collection did not correspond to the oil-saturation 
distribution in the adjacent sediments (Hess et al. 1992), 
illustrating that accumulated thickness in wells is a poor 
indicator of the actual distribution of oil in the subsurface. 

The distribution of oil at the north pool site was more 
complex than that at the south pool site (Figure 3B). A 
considerable amount of oil remained in the unsaturated 
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Figure 3. Oil-phase distribution at the Bemidji site (mod
ified from Essaid et al. 1993; Dillard et al. 1997): (A) oil 
saturation (volume of oil/volume of pore space) distribution 
at the south pool; (B) oil-saturation distribution at the north 
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geneity on oil-phase distribution; (D) photograph of an oil 
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zone where oil infiltrated following the spill. The body of 
oil floating on the water table was not lens shaped, but 
rather consisted of zones of high and low oil saturation 
distributed along the general direction of groundwater 
flow. The maximum oil saturation of 0.74 was measured 
in the downgradient part of the oil body. Figure 3C shows 
profiles of oil saturation and particle size for borehole 
9016 and illustrates the influence of fine-grained layers on 
oil-saturation distribution. A layer containing almost 80% 
fines occurred in the unsaturated zone at an elevation of 
about 426 m. Oil saturations above this layer were greater 
than 0.3, even though it was more than 2 m above the 
water table. Apparently the fine-grained layers impeded 
the infiltration and redistribution of oil. The peak oil 
saturation was below the water table within a zone that 
was lacking in fines, rather than at or above the water 
table as buoyancy would predict. Fine-grained layers 
occurred above and below the zone of high oil saturation, 
suggesting that migration of oil near the water table 
was controlled by heterogeneous layering. Figure 3D is 
a photograph of a core collected at the water table that 
illustrates the effect of grain size on oil saturation. The 
gray zone in the center is of slightly smaller grain size 
and is free of oil, whereas the coarser overlying and 
underlying zones are heavily saturated with oil. These 
field data illustrate the importance of heterogeneity and 
capillary effects on the distribution and movement of the 
oil phase. 

By 1990, many modeling approaches had been devel
oped to simulate the flow of NAPL oil, however, their 
field applicability was untested because of a lack of 
field-scale and site-specific knowledge of multiphase dis
tributions and hydraulic properties (Mercer and Cohen 
1990). Observed fluid saturation and particle-size dis
tributions at Bemidji were used in conjunction with a 
multiphase cross-sectional flow model of the unsaturated 
and saturated zone to simulate the movement of oil and 
water at the spill site (Essaid et al. 1993; Dillard et al. 
1997). Comparisons between observed and simulated oil
saturation distributions were used as indicators of the 
appropriateness of using prevalent multiphase flow mod
eling approaches, and the relative importance of factors 
controlling oil flow. Spatially variable sediment hydraulic 
properties and constitutive relations (capillary pressure
saturation and relative permeability-saturation) were esti
mated from particle-size data. At the south oil pool, the 
general asymmetrical shape of the observed oil body 
was reproduced only when hysteretic capillary pressure
saturation curves with oil entrapment and representations 
of spatial variability of hydraulic properties were incorpo
rated into the model (Essaid et al. 1993). The small-scale 
details of the observed subsurface oil distribution were 
not reproduced in the simulations due to uncertainty in 
spatial correlations, hydraulic properties, and constitutive 
relations estimated from particle-size distributions. 

Analysis of the permeability distribution estimated 
from particle-size data from the north oil pool site 

NGWA.org 

suggested that fine-grained layers were more predomi
nant than at the south pool site. Permeability was dis
tributed bimodal lognormally with two population distri
butions corresponding to two predominant lithologies: a 
coarse glacial outwash deposit and fine-grained interbed
ded lenses. A two-step geostatistical approach was used to 
generate a conditioned realization of permeability repre
senting the observed bimodal heterogeneity (Dillard et al. 
1997). This permeability distribution was used to simu
late flow of oil and water in the presence of air along the 
north pool transect for the 1979 to 1990 period. Inclusion 
of bimodal aquifer heterogeneity was needed to reproduce 
the observed entrapment of oil in the unsaturated zone 
and the irregular shape of the oil body. When bimodal 
heterogeneity was included, pore-scale capillary pressure
saturation hysteresis did not have to be incorporated into 
the model because a large-scale hysteretic effect was pro
duced by the presence of low-permeability fine-grained 
lenses that impeded oil flow. 

The field observations and modeling indicate that 
subsurface oil-phase flow is very sensitive to porous 
media heterogeneity. Oil tends to occur at higher 
saturations and to be more mobile in the coarser-grained 
higher-permeability sediments. Pore-scale capillary 
pressure-saturation hysteresis and the presence of fine
grained sediments can impede oil flow, causing entrap
ment and relatively large residual oil saturations. Realistic 
simulated oil distributions were obtained only when the 
effects of heterogeneity on capillary pressure-saturation 
and relative permeability-saturation constitutive relations 
were represented. However, there is still considerable 
uncertainty in estimating these constitutive relations for 
NAPLs, especially in the case of three-phase oil rela
tive permeability (Dillard et al. 1997). Inclusion of the 
observed 0.5-m water-table fluctuations in the south and 
north pool models did not significantly improve the corre
spondence between simulated and observed oil-saturation 
distributions, suggesting that spatial variability was a 
stronger influence on oil flow and/or there was limited 
oil-phase mobility. 

Remediation at oil spill sites often targets removal of 
the NAPL oil phase in order to minimize the hydrocarbon 
source. The Bemidji remediation effort initiated in 1999 
focused on removing sufficient NAPL oil so that it would 
only occur as a sheen on the water-table surface. Oil 
was recovered by inducing depressions in the water table 
by pumping from beneath the north, middle, and south 
oil pools, with removal of inflowing oil by skimming. 
Efficacy of oil removal by pump-and-skim remediation 
depends on oil mobility and flow to the pumped well. 
Herkelrath ( 1999) made a prediction of oil removal at the 
north pool based on oil saturations measured in cores. 
This analysis indicated that about 25% of the oil was 
recoverable assuming a residual oil saturation of 0.2 based 
on observed oil-saturation distributions (Figure 3). The 
remediation from 1999 to 2004 resulted in the removal 
of about 1.14 x 105 L of crude oil from the north, 
middle, and south oil pools (Enbridge Energy 2008), 
or about 27% of the oil that remained following the 
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initial remediation in 1979 to 1980. Although the renewed 
remediation decreased oil thickness in the immediate 
vidnity of remediation wells, average oil thicknesses 
measured in wells at the north pool (0.6 m) and south 
pool (0.3 m) were unaffected. In one observation well 
located about 5 m from a remediation well at the north 
pool, oil thickness decreased twice briefly but rebounded 
Lo preremediation levels shortly thereafter. These results, 
together with ongoing analyses, suggest that oil-phase 
recovery is challenging, and that considerable volumes 
of mobile and entrapped oil may still remain in the 
subsurface at spill sites in spite of significant remediation 
efforts. 

Oil Phase Composition 
The composition of subsurface oil al the Bemidji 

site has changed over time due to volatilization, dis
solution, and biodegradation. In 1987, Eganhouse et al. 
(1993) measured the molecular composition of oil sam
ples obtained from the pipeline and locations spanning the 
length of the north pool oil body. The composition of the 
oil body samples was dominated by saturated hydrocar
bons (58% to 61 %), with aromatics representing most of 
the remainder (33% to 36% of total oil). The dominant 
hydrocarbons were normal alkanes (C6-32). Eganhouse 
et al. (1996) showed that the oil near the upgradient edge 
of the oil body was depleted of the more soluble aromatic 
hydrocarbons such as benzene and toluene as compared 
with the downgradient edge of the oil body. Eganhouse 
et al. (1996) also observed that concentrations of hydro
carbons in groundwater flowing beneath the oil increased 
as the water flowed from the upgradient to the downgra
dient edge of the oil, approaching the effective solubility 
limit. These results suggested that the upgradient por
tion of the oil body had undergone more hydrocarbon 
dissolution than the downgradient portion because of the 
continuous inflow of groundwater with low hydrocarbon 
concentrations from the area upgradienl of the oil body. 
As this water flowed past the oil body and hydrocar
bon concentrations increased, the mass transfer of soluble 
components from the oil to the water phase decreased. 

Landon and Hult ( 1996) collected 31 oil samples 
from wells at various locations within the oil body 
during 1988 to 1989. They characterized the physical 
and chemical characteristics of the oil samples, compared 
them to relatively unaltered oil (Landon 1993), and 
determined the mass loss from the oil phase. Changes 
in physical properties of the oil samples indicated that 
the rate of mass loss ranged from 0% to 1.25% per 
year. In the oil samples with the greatest mass loss, 
the alkanes accounted for about 80% of the loss and 
aromatic compounds accounted for the other 20%. In the 
less altered oil samples, aromatic compounds accounted 
for nearly all of the loss of mass. Landon and Hult 
(1996) concluded that oil mass was being lost primarily 
by volatilization of low chain-length alkanes in the highly 
altered oil samples, and dissolution of aromatics in the 
least altered samples. 
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Bekins et al. (2005a) examined the composition of 
the NAPL oil present in core samples 25 years after 
the spill. They observed that substantial biodegradation 
of the 11-alkane fraction in the oil had occurred under 
methanogenic conditions and that methanogenic biodegra
dation first depleted the ?:C1s 11-alkanes (Figure 4A), the 
reverse of the aerobic biodegradation progression (Peters 
and Moldowan, 1993). The degree of alkane depletion 
(degradation state) varied with position in the oil body 
(Figure 4B). The least degraded oil occurred near the land 
surface, because of extremely low moisture conditions, 
and at the downgradient end of the oil body. Enhanced 
methanogenic biodegradation occurred where there was 
increased groundwater recharge. Recharge rates over 
twice the average value occur in a topographic low above 
the upgradient end of the oil body (Delin and Herkel
rath 2005). The increased biodegradation below the high 
recharge zone could not be explained by recharge trans
port of favorable anaerobic electron acceptors because 
it was observed that all electron acceptors, except car
bon dioxide (C02), were consumed in the vadose zone 
before the recharge reached the floating oil (Bekins et al. 
2005a). Moreover, enhanced dissolution could not be the 
cause, because the degradation affected highly insoluble 
alkanes and was not correlated with oil saturation and 
water relative permeability. Bekins et al. (2005a) con
cluded that the most likely explanation for the variation 
in alkane degradation states was enhanced methanogenic 
biodegradation caused by recharge-facilitated transport of 
microbial growth nutrients from the land surface, in par
ticular dissolved phosphate, believed to be the nutrient 
limiting microbial growth (Rogers et al. 1998). 

These studies of the NAPL oil source at Bemidji 
have shown that the oil phase is slowly evolving with 
time as hydrocarbon components are lost through mass 
transfer to water and soil gas, and biodegradation. The 
oil-phase loss of relatively soluble components (e.g., 
BTEX) is sensitive to factors controlling dissolution, 
such as water concentrations and flow rates. Relatively 
volatile components (e.g., short chain-length alkanes) can 
be rapidly lost through volatilization under favorable 
conditions. Alkanes are also lost from the oil body by 
methanogenic degradation. Bekins et al. (2005a) pointed 
out that hydrologic conditions at a site can control 
oil degradation rates, and that techniques for dating a 
spill on the basis of the degree of degradation may 
yield very different results depending on where the 
sample was collected. In addition, techniques to identify 
spilled product based on fingerprinting may provide 
misleading results when methanogenic conditions are 
present, because the fingerprint of the degraded product in 
such cases differs from the expected pattern under aerobic 
conditions (Hostettler et al. 2007, 2008). 

The Groundwater Hydrocarbon Plume 
By the mid- I 980s it was recognized that hydrocar

bons could be effectively degraded by naturally occurring 
indigenous microbial populations (Wilson et al. 1986). 
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Figure 4. Evaluation of oil-phase degradation (from Bekins 
et al. 2005a): (A) ion chromatograms for oil samples with 
varying degrees of degradation (open circles are 11-alkanes, 
black circles are isoprenoids) (a) relative undegraded sam
ple with 11-alkane concentrations greater than isoprenoids, 
(b) somewhat degraded sample showing selective removal of 
higher order 11-alkanes and (c) highly degraded sample with 
11-alkanes completely degraded; (B) vertical cross section 
through north pool oil body showing relative degree of oil 
degradation for samples collected from 1999 to 2003. 
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Aerobic degradation of BTEX was accepted as an effec
tive biodegradation process, and the potential of anaerobic 
degradation was just being documented (Wilson and Rees 
1985). Studies initiated at Bemidji since 1984 have pro
vided concrete evidence of the importance of anaerobic 
degradation for limiting the extent of hydrocarbon plumes, 
and significant insight into the succession of redox pro
cesses, microbial populations, and geochemical interac
tions. Hydrocarbon components dissolving from the oil 
phase have undergone different rates of transport and 
biodegradation. Within the plume, biologically mediated 
geochemical reactions have resulted in mineral alteration. 

Geochemical Evolution of the Plume 
Early characterization of the groundwater hydrocar

bon plume (Baedecker et al. 1989, 1993; Bennett et al. 
1993) identified five distinct geochemical zones below the 
water table (Figure 5). Zone 1 consisted of oxygenated 
uncontaminated native groundwater very low in nitrate, 
ammonia, and sulfate. Zone 2, below the spray zone, was 
characterized by reduced oxygen concentrations and the 
presence of refractory high-molecular-weight hydrocar
bons transported from oil residues on the land surface. 
Zone 3, beneath and immediately downgradient from the 
separate phase oil body, was anoxic with high concen
trations of hydrocarbons, dissolved manganese and iron, 
and methane. In addition, nitrate and ammonia concen
trations were slightly higher than in background water 
possibly because of nitrogen-containing compounds in 
the oil and/or infiltration of fertilizer used at the land 
surface to promote tree growth following the spill. In 
Zone 4, there was a transition from anoxic conditions to 
fully oxygenated conditions, with a corresponding rapid 
decrease in hydrocarbon concentrations as a result of aero
bic biodegradation. Zone 5 consisted of oxygenated water 
downgradient from the oil body with slightly elevated 
concentrations of dissolved inorganic and organic con
stituents. The relatively stable extent of the plume, when 
compared to groundwater flow rates, led to the conclu
sion that migration of the plume was being limited by 
natural attenuation processes, including both aerobic and 
anaerobic biodegradation. 

Temporal changes in the plume were observed by 
measuring dissolved organic carbon (DOC), dissolved 
oxygen (DO), dissolved manganese (Mn2+) and dissolved 
ferrous iron (Fe2+), and methane (CH4) concentrations in 
samples collected from water-table wells from 1986 to 
1992 (Baedecker et al. 1993; Bennett et al. 1993; Egan
house et al. 1993). DOC was split into two operationally 
defined fractions (Baedecker et al. 1993): volatile dis
solved organic carbon (VDOC) and nonvolatile dissolved 
organic carbon (NVDOC). VDOC is composed primar
ily of benzene, alkylbenzenes, and low-molecular-weight 
alkanes and alicyclics, excluding methane. NVDOC is 
composed mainly of polysaccharides, humic and fulvic 
acids, low-molecular-weight organic acids, minor Cis-2s 
alkanes, and polyaromatic hydrocarbons (Eganhouse et al. 
1993). Figure 6 shows the temporal evolution of concen
trations at a well located in the anoxic zone about 40-m 
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Figure 6. Observed (symbols) and simulated (lines) concen
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tion, iron reduction, and methanogenesis: (A) volatile and 
nonvolatile dissolved organic carbon (VDOC and NVDOC, 
respectively); (B) dissolved oxygen, manganese (Mn2+), iron 
(Fe2+), and methane (modified from Essaid et al. 1995). 

downgradient from the center of the oil body. VDOC and 
NVDOC concentrations reached relatively steady con
centrations. Mn2+ increased, peaking in 1987, and then 
decreased, suggesting that the manganese available for 
reduction was being depleted. Fe2+ concentrations began 
to increase following the drop in Mn2+ and peaked in 
1990. Methane concentration began to increase at about 
the same time as Fe2+ and leveled off in 1987. This 
sequence suggested that anaerobic (in addition to aerobic) 
biodegradation processes were limiting plume migration 
and expansion with sequential use of terminal electron 
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acceptors that progressed from manganese reduction, to 
iron reduction, to methanogenesis. The trends in Fe2+, 
Mn2+, and CH4 concentrations, and the isotopically heav
ier inorganic carbon, indicated that part of the plume 
became more reducing with time, and that the processes 
attenuating organic material were continuously evolving 
(Baedecker et al. 1993). 

Further evidence of the importance of anaerobic 
biodegradation was obtained from anoxic laboratory 
microcosm experiments that showed benzene and alkyl
benzene degradation concurrent with increased aqueous 
Fe2+ and Mn2+ concentrations indicating hydrocarbon 
biodegradation coupled with Fe and Mn reduction 
(Baedecker et al. 1993). In addition, Cozzarelli et al. 
(1994) investigated the geochemical evolution of low
molecular-weight organic acids in groundwater downgra
dient from the oil body over a 5-year period (1986 to 
1990). Organic acids represent metabolic intermediates 
of crude-oil biodegradation and are structurally related 
to hydrocarbon precursors (Cozzarelli et al. 1990, 1994; 
Thorn and Aiken 1998). The concentrations of organic 
acids increased as microbial alteration of hydrocarbons 
progressed. The organic-acid pool changed in composi
tion and concentration as biodegradation processes shifted 
from iron reduction to methanogenesis. Laboratory micro
cosm experiments conducted by Cozzarelli et al. (1994) 
supported the hypothesis that organic acids observed in 
the groundwater originated from microbial biodegradation 
of aromatic hydrocarbons under anoxic conditions. 

Additional geochemical evidence of anaerobic bio
degradation of hydrocarbons was provided by methane 
isotopic composition and sediment-associated iron. Revesz 
et al. (1995) found that carbon and hydrogen isotopic 
ratios of CH4, and carbon isotopic fractionation between 
CH4 and DOC, supported the hypothesis of CH4 produc
tion by anaerobic breakdown of acetate (fermentation) as 
opposed to production by C02 reduction. Furthermore, 
there appeared to be minimal oxidation of dissolved CH4 
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along the flow path downgradient from the oil body. Tuc
cillo et al. (1999) found that the average HCl-extractable 
ferric iron (Fe3+)concentration in the sediments closest to 
the oil body was up to 30% less than background values 
as a result of Fe3+ reduction to Fe2+. Fe2+ concentra
tions in sediments within the anoxic zone were as much 
as four times those in the background sediments, suggest
ing mineral incorporation of Fe2+. This hypothesis was 
also supported by scanning electron microscopy (SEM) 
detection of authigenic ferroan calcite. At the transition 
zone from anoxic to oxic conditions there was a 70% 
increase in total extractable Fe, indicating reoxidation and 
precipitation of Fe mobilized from sediment in the anoxic 
plume. SEM confirmed abundant Fe3+ oxyhydroxides at 
the anoxic/oxic boundary. Zachara et al. (2004), however, 
identified significant ion-exchangeable Fe2+ in the sedi
ments but relatively thin Fe-containing particle coatings 
on carbonate fragments suggesting minor precipitation of 
ferroan calcite in regions of the aquifer with elevated dis
solved Fe2+ concentrations. Further work is needed to 
elucidate the processes causing the complex cycling of 
iron driven by biodegradation and redox conditions. 

As anaerobic biodegradation of DOC in the Bemidji 
plume became well documented, researchers began to 
compare and contrast the behavior of individual hydro
carbon components in the anoxic zone. Eganhouse et al. 
(1996) compared concentrations of a range of monoaro
matic hydrocarbons in oil and groundwater samples col
lected within the north pool anoxic zone. Immediately 
downgradient from the oil body, certain aromatic hydro
carbons (such as benzene) were at aqueous concentrations 
near those expected of an oil-water system at equilib
rium, and these concentrations exhibited relatively little 
variation over a 9-month period (8% to 20%). Other 
compounds (such as toluene) had aqueous concentrations 
significantly below the equilibrium-predicted value, and 
their concentrations showed considerably more temporal 
variation (20% to 130%). As the dissolved hydrocar
bons moved through the anoxic zone of the groundwa
ter plume, concentrations of more persistent compounds, 
such as benzene, decreased slowly, whereas concentra
tions of readily biodegradable compounds such as toluene 
decreased rapidly (Figure 7). This suggested that the 
volatile hydrocarbon composition of anoxic groundwater 
near the oil body was controlled by a balance between dis
solution and removal rates, with only the most persistent 
compounds reaching equilibrium with the oil phase. The 
extent of downgradient transport of individual dissolved 
hydrocarbons through the anoxic zone was not due to 
differences in sorption, but was controlled by structure
specific biodegradation rates. Compounds more resistant 
to anaerobic biodegradation extended farther downgradi
ent from the oil body. 

Early work at Bemidji (Baedecker et al. 1993) con
cluded that the hydrocarbon plume had reached a rela
tively steady state. However, continued monitoring has 
documented changes in the extent of the anoxic plume 
caused by evolving redox conditions. In the mid-1990s, 
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Figure 7. Groundwater concentrations of selected alkylben
zene compounds at the north pool, showing the effect of 
selective structure-dependent biodegradation of hydrocar
bon compounds on persistence in the plume (modified from 
Eganhouse et al. 1996). 

Murphy and Herkelrath (1996) developed a sample
freezing drive shoe designed to operate with a wire-line 
piston core barrel. This technique improved the ability to 
obtain cores with intact fluid and sediment distributions, 
facilitating centimeter-scale sampling of hydrocarbon con
centrations (Cozzarelli et al. 2001) and microbial popula
tion distributions (Bekins et al. 2001). Cozzarelli et al. 
(2001) compared concentration distributions obtained 
from detailed sampling of porewater drained from aquifer 
cores with plume-scale concentrations determined by sam
pling from an observation well network along the center
line of the plume. The small-scale data showed that the 
hydrocarbon plume was growing slowly as sediment iron 
oxides were depleted and the aquifer evolved from iron 
reducing to methanogenic conditions. Some hydrocar
bons, such as ortho-xylene, did not appear to be moving 
downgradient on the basis of observation well data, but 
actually were migrating in thin layers of the aquifer where 
iron oxides were depleted and methanogenic conditions 
existed. The plume-scale observation well data showed 
that the downgradient extent of the benzene plume did 
not change between 1992 and 1995 as shown by the loca
tion of the 0.05 mg/L BTEX concentration contours in 
Figure 8. However, during this period the zone of maxi
mum concentrations of benzene spread within the anoxic 
plume. Thus, subtle concentration changes in the anoxic 
zone may indicate depletion of electron acceptors and the 
potential for future plume growth. 

The slow growth of the Bemidji plume contrasts 
markedly with the rapid growth of another well-studied 
BTEX plume at Laurel Bay Exchange field site, Beaufort, 
South Carolina (Landmeyer el al. 1996). Chapelle et al. 
(2002) noted that the Laurel Bay aquifer sediments 
contained low concentrations of Fe3+ and that the redox 
state of the contaminated aquifer evolved rapidly to 
methanogenic conditions. At both the Bemidji and Laurel 
Bay sites, biodegradation of benzene and ethylbenzene 
under methanogenic conditions was limited, resulting in 
migration of those compounds once sediment Fe3+ was 
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depleted. However, the Bemidji benzene plume grew at 
only one sixth the rate of the Laurel Bay plume, due 
mainly to greater Fe3+ availability. Using data from the 
two sites, Bekins et al. (2005b) derived a method to relate 
expansion rates of benzene and ethylbenzene plumes to 
variations in sediment Fe3+ concentrations. Benzene front 
migration is retarded relative to groundwater velocity by a 
factor that depends on the concentrations of hydrocarbon 
and bioavailable sediment Fe3+. 

Long-term monitoring of plume-scale hydrocarbon 
concentrations and aqueous geochemistry has provided 
a well-documented field example of the evolution of 
natural attenuation processes. The Bemidji findings have 
influenced recommended approaches and protocols for 
evaluating natural attenuation at hydrocarbon spill sites 
(National Research Council 2000). Approaches developed 
at Bemidji for characterization of small-scale variations 
in chemistry have shown that shifts in biodegradation 
processes that impact the future extent of the plume may 
occur before changes can be detected in observation well 
concentrations. 

Microbiology of the Plume 
Concurrent with studies documenting geochemical 

evidence of biodegradation were efforts to characterize 
the microbial populations and processes responsible for 
aerobic and anaerobic biodegradation of hydrocarbons, as 
well as enhanced mineral-water interactions. Studies at 
Bemidji have documented bacterial colonization on rock 
surfaces resulting in enhanced quartz (Si02) dissolution, 
identified bacteria responsible for iron reduction, and 
characterized the spatial and temporal distributions of 
microbial populations. 

10 H.I. Essaid et al. GROUND WATER 

Early studies of the inorganic geochemistry of the 
anoxic zone (Bennett and Siegel 1987; BennettJ991; 
Hiebert and Bennett 1992; Bennett et al. 1993) observed 
Si02 concentrations that were an order of magnitude 
greater than expected equilibrium concentration with 
respect to quartz. This suggested that organic acid-Si02 
complexes in the organic-rich anoxic zone were enhanc
ing the dissolution of quartz and silicate minerals. SEM 
studies of sand grain surfaces in this zone showed etching 
of quartz and feldspar surfaces not observed on grain sur
faces in the adjacent aerobic and uncontaminated zones. 
Hiebert and Bennett (1992) conducted in situ microcosm 
experiments in the anoxic plume to examine the effect 
of bacterial biodegradation processes on rock alteration. 
Their results suggested that the rate of dissolution of 
quartz and aluminosilicate minerals was greatly acceler
ated in the contaminated waters beneath the oil, proba
bly due to the presence of surface-adhering bacteria and 
high concentrations of organic acids formed by the bacte
ria during hydrocarbon metabolism (Hiebert and Bennett 
1992; Bennett et al. 1993). Expanded in situ microcosm 
studies of mineral surface colonization have shown that 
microorganisms tend to colonize surfaces that provide 
required electron acceptors and growth nutrients, such as 
iron present in goethite and phosphorous present in apatite 
(Bennett et al. 2000; Roberts 2004; Rogers and Bennett 
2004; Mauck and Roberts 2007). 

Studies at Bemidji were among the first field 
efforts that documented microbial evidence of anaero
bic degradation of hydrocarbon compounds (Chapelle 
1999; Cozzarelli and Baehr 2003). Lovley et al. (1989) 
demonstrated that Fe3+ could be an important electron 
acceptor for microbial oxidation of aromatic compounds 
in anaerobic groundwater by isolating a pure culture of 
the Fe3+ -reducing bacterium Geobacter metallireducens 
capable of obtaining energy for growth by oxidizing ben
zoate, toluene, phenol, or p-cresol, with Fe3+ as the sole 
electron acceptor. Culturing studies and molecular tech
niques for analyzing Fe3+ -reducing populations in the 
anaerobic groundwater plume have shown that Geobac
ter species were enriched in sediments where poorly 
crystalline Fe3+ was available and biodegradation was 
fastest (Anderson et al. 1998; Rooney-Varga et al. 1999; 
Anderson and Lovley 1999; Lovley and Anderson 2000). 
Anderson and Lovley (2000) also showed that the alkane 
hexadecane was degraded under methanogenic conditions 
in Bemidji sediments. 

Bekins et al. (1999) used the most probable num
ber (MPN) method to characterize the spatial distribution 
(in water and sediment) of six physiologic types in the 
anaerobic portion of the hydrocarbon plume: aerobes, den
itrifiers, iron reducers, heterotrophic fermenters, sulfate
reducers, and methanogens (Figure 9A). Iron reducers 
formed the bulk of the microbial population in the anoxic 
zone of the plume. Areas evolving from iron reducing 
to methanogenic conditions were clearly delineated based 
on microbial populations, and generally occupied 25% 
to 50% of the plume thickness. Lower microbial num
bers were observed below the water table than in the 
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unsaturated zone, suggesting that nutrient limitations may 
be limiting growth in the saturated zone. Finally, the data 
indicated that an average of 15% of the total population 
was suspended, rather than attached to the solid substrate. 

Haack and Bekins (2000) emphasized the importance 
of hydrogeological conditions on the evolution of terminal 
electron-accepting process (TEAP) zones and microbial 
populations (Figure 9B). Bekins et al. (2001) analyzed the 
microbial populations together with permeability, pore
water chemistry, NAPL oil content, and extractable sed
iment iron in the anoxic plume. Microbial data defined 
zones that had progressed from iron-reduction to methano
genesis as Fe3+ was depleted. These zones contained 
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lower numbers of iron reducers, increased numbers of 
fermenters, and detectable methanogens. Methanogenic 
conditions existed both in the zone containing NAPL oil, 
and below the oil body in high permeability zones. High 
contaminant flux, either through local dissolution from 
the oil phase or increased advective transport through 
high permeability layers, played a key role in control
ling first occurrence of methanogenic conditions. Other 
factors included the sediment iron content and proximity 
to the water table. Twenty years after the oil spill, a later
ally continuous methanogenic zone had developed along 
a narrow horizon extending from the source area to 50 to 
60 m downgradient of the oil body. 
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The studies of microbial populations at Bemidji 
helped confirm that microbially mediated reactions and 
anaerobic biodegradation were responsible for the natural 
attenuation of hydrocarbons and observed plume geo
chemistry. The distribution and evolution of populations 
in a hydrocarbon plume are influenced by sediment prop
erties, hydrologic conditions, and availability of electron 
acceptors and growth nutrients. 

The Unsaturated Zone Vapor Plume 
Volatile hydrocarbon compounds and biodegradation 

end-products are transferred from the NAPL oil and 
groundwater plume to the gas phase in the unsaturated 
zone. Understanding the factors controlling gas phase 
hydrocarbon transport is important for evaluating mass 
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loss during natural attenuation and has relevance to 
the use of soil gas analysis as a field screening tool 
for NAPL contamination. Many techniques have been 
used to characterize unsaturated zone gas transport and 
biodegradation at the Bemidji site. 

Mercer and Cohen (1990) cautioned that soil gas 
analysis could provide misleading results because unsatu
rated zone hydrocarbon gas concentrations were very sen
sitive to subsurface heterogeneity. Baehr and Hult (1991) 
documented the influence of heterogeneity when conduct
ing pneumatic pump tests at Bemidji to estimate air-phase 
permeability, air-filled porosity and diffusion constants. 
They were able to characterize a thin silt horizon that 
separated the unsaturated zone into an upper and lower 
zone, with a sharp contrast in air permeability and mois
ture content above and below the silt lens. They illustrated 
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that there was little air flow (and consequently little gas 
transport) across this interface. 

Observation of unsaturated zone gas concentrations 
(hydrocarbon, oxygen [02], C02, and CH4) at the north 
oil pool in 1997 was used to identify three geochemical 
zones shown in Figure 5 (Delin et al. 1998). The outer 
Zone 6 had near atmospheric concentrations of 0 2. Zone 
7, a transition zone, was defined by lower concentra
tions of 0 2 (10% to 20%), hydrocarbon concentrations 
Jess than l part per million (ppm), and higher concen
trations of C02 (0% to 10%) and CH4 (0% to 10%). 
The inner Zone 8, immediately above the oil body, had 
the lowest concentrations of 0 2 (0% to 2%) and con
tained the highest concentrations of C02 (> 10%), CH4 
(> 10%), and hydrocarbon (> 1 ppm). Thus, the unsat
urated zone vapor plume mirrored the saturated zone 
groundwater plume, suggesting a similar core of anaerobic 
degradation near the NAPL oil source. Hult and Grabbe 
( 1988), Chaplin et al. (2002), and Amos et al. (2005) 
measured unsaturated zone CH4, C02, and 02 gas concen
trations in 1985, 1997, and 2003, respectively. Their work 
showed that the vapor-phase plume above the oil body 
and adjacent to the oil trapped in the unsaturated zone 
has progressively become more anaerobic, with increasing 
methane concentrations (Figure 10), affirming the concep
tual model of a vapor plume evolving from iron reducing 
to methanogenic conditions. In addition, Chaplin et al. 
(2002) observed that the hydrocarbon gases detected in the 
unsaturated zone in 1985 consisted mainly of C2-5 alka
nes and smaller concentrations of aromatic compounds 
(benzene, cyclohexane, toluene, and methyl-cyclohexane). 
By 1997, hydrocarbon gas concentrations had decreased 
considerably and consisted mainly of C2-5 alkanes and 
methane with smaller concentrations of aromatic com
pounds (benzene, alylbenzenes, and toluene), suggesting 
that hydrocarbon loss by volatilization was decreasing 
with time, and that methanogenesis was increasing with 
time. 

In addition to the volatilization of hydrocarbons from 
the oil phase, there is exchange of gases between the 
groundwater plume and the unsaturated zone. Revesz 
et al. (1995) observed that argon (Ar) and dissolved nitro
gen (N2) concentrations in the hydrocarbon plume were 
25 times lower than background values and concluded that 
gas exsolution was removing dissolved C~ and gases 
from the groundwater. Isotopic evidence indicated that 
CH4 was partly oxidized to C02 as it diffused upward 
through the unsaturated zone. Amos et al. (2005) used 
dissolved and vapor-phase gas data to study the pro
cesses controlling production, consumption and transport 
of methane in the subsurface. They found. that regions 
of Ar and N2 depletion and enrichment in the unsaturated 
zone were indicative of methanogenic and methanotrophic 
zones, respectively, and that reaction-induced advection, 
in addition to gas phase diffusion, was an important gas 
transport process at the site. In the saturated zone, the 
concentrations of dissolved Ar and N2 were significantly 
lower in the methanogenic source region, implying that 
methane gas bubble formation and ebullition also removed 
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the nonreactive Ar and N2 gases. The Ar, N2, and CH4 gas 
concentrations returned to near background levels approx
imately 100-m downgradient of the oil source, signifi
cantly less than the distance predicted by advection rates, 
suggesting that the physical processes acting to attenuate 
the Ar and N2 plumes must also be acting to attenuate 
the CH4 plume. Finally, Amos et al. (2005) observed a 
slight depletion of N2 relative to Ar near the oil body, 
suggesting nitrogen fixation by microbial activity. 

Vapor concentrations in the unsaturated zone above 
the oil body have evolved with time due to volatile hydro
carbon depletion and TEAP progression to methanogene
sis. Isotopes and inert gases have been shown to be useful 
markers for understanding the processes controlling gas 
transport and fate in the unsaturated zone. 

Hydrocarbon Fate Modeling 
Geochemical and transport models are effective tools 

for integrating field observations, testing hypotheses, 
determining the relative importance of simultaneously 
occurring processes, as well as quantifying reaction rates 
and system mass balance. The comprehensive, long-term 
field data set collected at Bemidji has provided an oppor
tunity to test and refine modeling approaches. Efforts to 
model the fate of hydrocarbons in the Bemidji plume have 
become progressively more complex, providing increased 
insight into processes affecting the long-term fate of the 
groundwater and vapor plumes. 

In the first modeling effort at the Bemidji site, 
Baedecker et al. (1993) used the geochemical mass
balance model NETPATH (Plummer et al. 1991) to 
deduce geochemical reactions occurring as groundwater 
flowed along a 40-m path in the anaerobic zone. The 
major reactions needed to reproduce the observed field 
geochemistry were dissolution of manganese and iron 
oxides, precipitation of siderite and a ferroan calcite, oxi
dation and reduction of total dissolved organic carbon 
(TDOC), and outgassing of CH4 and C02. These results 
confirmed the conceptual model developed for the anaer
obic Bemidji plume and described in the section above 
on geochemical evolution of the plume. 

Essaid et al. (1995) modeled the evolution of the 
groundwater hydrocarbon plume and sequential use of 
terminal electron acceptors using the multispecies solute
transport and biodegradation model BIOMOC (Essaid 
and Bekins 1997). Relatively complex representations 
of sequential biodegradation processes, including aerobic 
biodegradation, manganese reduction, iron reduction, and 
methanogenesis with microbial growth and decay of three 
populations (aerobes, Mn/Fe reducers, and methanogens), 
were represented by multiple Monod kinetics with nutri
ent limitation. Simultaneous growth of Mn/Fe reducers 
and methanogens had to be allowed in the model to match 
observed concentrations. The source of hydrocarbon was 
represented by two operationally defined degradable dis
solved fractions, VDOC and NVDOC, which entered the 
aquifer with recharge in the vicinity of the oil body. 
Model parameter estimates were constrained by published 
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Monod kinetic parameters, theoretical cell yield estimates, 
anci field biomass measurements and reaction stoichiome
tries. Despite considerable uncertainty in model parameter 
estimates, the simulations reproduced the general features 
of the observed groundwater concentrations (Figure 6) 
and the measured bacterial concentrations. Simulating the 
hydrocarbon plume made it possible to quantify the fate of 
the hydrocarbons. Model results indicated that 46% of the 
TDOC introduced into the aquifer was degraded: 66% of 
the VDOC and 39% of the NVDOC. Aerobic biodegrada
tion accounted for 40% of the TDOC degraded and anaer
obic processes accounted for the remaining 60%. Thus, 
the model results confirmed that anaerobic biodegrada
tion was a very important process for natural attenuation 
of hydrocarbons. 

In a subsequent modeling study, Essaid et al. (2003) 
considered dissolution from the oil body, transport, and 
biodegradation of BTEX compounds in the saturated 
zone. The studies of Eganhouse et al. (1993, 1996) had 
illustrated that individual hydrocarbon compounds dis
solved and degraded at different rates (Figure 7). The 
goal of this modeling study was to estimate compound
specific BTEX field anaerobic biodegradation rates, the 
field-scale dissolution rate, BTEX removal from the oil 
body by dissolution, BTEX removal from the groundwa
ter plume by aerobic and anaerobic biodegradation, and 
the influence of biodegradation on dissolution. The basic 
conceptual model included rate-controlled dissolution of 
BTEX from a stationary oil phase, first-order anaerobic 
degradation of dissolved BTEX, and a fixed rapid first
order rate of aerobic degradation of dissolved BTEX. 
Simplified representations of biodegradation and ·disso
lution processes, involving as few parameters as possible, 
were used to facilitate inverse modeling. BIOMOC was 
used in conjunction with the universal inverse modeling 
code UCODE (Poeter and Hill 1998) to fit the exten
sive historical data from 1986 to 1997. BTEX concen
trations in the oil and BTEX and DO concentrations in 
groundwater were simulated (Figure 1 lA). The estimated 
field-scale anaerobic biodegradation rates for toluene and 
a-xylene (0.2 and 0.03 ct-I, respectively) were greater 
than the dissolution rate coefficient (0.007 ct-I) resulting 
in limited plume extent. However, the estimated anaero
bic biodegradation rates for benzene, ethylbenzene, and 
m, p-xylene (0.0007 ct-I, 0.0007 ct-I, and 0.002 ct-I, 
respectively) were less than the dissolution rate coeffi
cient resulting in plumes that extended into the aerobic 
zone of the aquifer. The calibrated model was used to 
determine the BTEX mass balance in the groundwater 
plume (Figure 1 lB). Anaerobic biodegradation removed 
77% of the total BTEX that dissolved into the water phase 
and aerobic biodegradation removed 17% (Figure 1 lB). 
However, estimated anaerobic biodegradation of individ
ual dissolved hydrocarbon compounds ranged from a low 
of 51 % for ethylbenzene to a high of 98% for toluene. 
Compounds that underwent less anaerobic degradation 
migrated downgradient to the oxic zone of the aquifer 
and consequently underwent greater aerobic degradation. 
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These results were in good agreement with the mass
balance predictions of Essaid et al. (1995) confirming the 
importance of anaerobic biodegradation during natural 
attenuation, and illustrating that the relative importance 
of anaerobic processes was compound specific. 

The model of Essaid et al. (2003) was also used to 
examine evolution of BTEX composition in the NAPL 
oil source. The degree of removal of BTEX from oil 
was influenced by oil saturation and rates of dissolu
tion and biodegradation. BTEX removal was greatest in 
the low oil saturation fringes of the oil body where the 
interaction between flowing water and oil was the great
est (Figure 12). As expected, dissolution from the oil 
was greater for compounds with large effective solubility, 
such as benzene. However, toluene, with less than half 
of the effective solubility of benzene, experienced almost 
the same amount of dissolution from the oil (Figure 12). 
The rapid biodegradation of dissolved of toluene reduced 
water-phase toluene concentrations in contact with the oil, 
increasing the concentration gradient and enhancing dis
solution. Loss from the oil body was minor for compounds 
having low solubility and small biodegradation rate (such 
as ethylbenzene). All BTEX compounds still had signifi
cant fractions remaining in the oil body after a simulation 
of 18 years of dissolution, potentially providing a long
term source of contamination. 

Essaid et al. (2003) also explored an alternative 
iron-reduction conceptual model that modified the first
order anaerobic biodegradation process for benzene to be 
dependent on solid phase Fe3+ concentration, decreasing 
as fen-ic iron was depleted. The iron-reduction model 
produced plume behavior that was similar to that observed 
by Cozzarelli et al. (2001) and Bekins et al. (2001). The 
overall extent of the benzene plume was similar for both 
the basic (described above) and iron-reduction models 
(Figure 13). However, the simulated high concentration 
zone in the center of the plume (near the oil body) 
migrated downgradient in the iron-reduction case, as was 
observed in the groundwater plume (Figure 8), illustrating 
that depletion of Fe3+ in the anoxic zone could result in 
an increase in concentration with time. 

Curtis (2003) developed a thermodynamically based 
reactive transport model with mineral dissolution and 
precipitation for geochemical conditions similar to those 
observed at Bemidji. He compared the common approach 
of simulating reactions of multiple TEAPs with an irre
versible Monod rate law to reactive transport simula
tions where reactions were subject to the requirement 
that the Gibbs free energy of reaction (t..G) be less than 
zero (or a threshold value). The order of preference of 
TEAPs is commonly assumed to be aerobic biodegrada
tion, denitrification, Mn reduction, Fe reduction, sulfate 
reduction, and finally methanogenesis. This order of pref
erence is based on standard geochemical conditions that 
may be very different from field conditions. The Monod 
method involves use of empirical inhibition constants to 
achieve sequential TEAPs and estimation of many param
eters. Curtis (2003) performed simulations using a single 
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organic substrate that was slowly and completely fer
mented to C02 and Hz. The hydrogen was then oxi
dized by the TEAPs with 02, FeOOH, S04, and C02 
as the terminal electron acceptors. Simulations using the 
Monod approach forced reduction of both FeOOH and 
C02 to proceed even when 6.G was positive, violat
ing thermodynamics. This resulted in over prediction of 
FeOOH reduced to Fe2+ and large errors in pH. Curtis' 
(2003) alternate approach required a minimum number 
of reaction parameters and honored the governing ther
modynamic constraints. Using H2 as an intermediate was 
effective and efficient, allowing a fit to be obtained with 
only three reaction parameters. Applying this approach to 
Bemidji (Curtis el al. 1999) reproduced the observed pH 
buffering by methanogenesis, precipitation of authigenic 
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mineral phases, parallel terminal electron acceptor use, 
and methane gas bubble formation. 

Chaplin et al. (2002) determined unsaturated zone 
biodegradation mass removal rates by calibrating the gas 
transport model R-UNSAT (Lahvis and Bear 1997), using 
UCODE (Poeter and Hill 1998), to the observed 0 2, C02, 
and C~ gas-concentration data. Reaction stoichiometry 
was used to convert 02 and C02 gas-flux estimates lo 
rates of aerobic biodegradation and convert C~ gas
flux estimates to rates of methanogenesis. Model results 
indicated that 3% of total volatile hydrocarbons diffusing 
upward from the floating oil were biodegraded in the bot
tom meter of the unsaturated zone in 1985. This increased 
to 52% by 1997, with methanogenesis responsible for 
approximately half of the removal. Chaplin et al. (2002) 
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concluded that volatilization was the primary mechanism 
for hydrocarbon removal in early stages of plume evo
lution, but that biodegradation became dominant in later 
stages as concentrations of volatile hydrocarbons in the 
oil decreased and microbial populations evolved. 

Amos et al. (2005) provided field evidence that C~ 
and C02 production in the hydrocarbon plume formed 
gas bubbles, affecting groundwater chemistry and poten
tially solute transport. Amos and Mayer (2006) modi
fied the unsaturated/saturated zone reactive transport code 
MIN3P (Mayer et al. 2002) to include the formation and 
collapse of gas bubbles in addition to kinetically con
trolled redox and mineral dissolution/precipitation reac
tions, equilibrium hydrolysis, aqueous complexation, ion 
exchange and surface complexation reactions. They exam
ined processes related to gas bubbles and gas transport 
in the methanogenic hydrocarbon plume. Their simula
tions reproduced the observed depletion of the nonreac
tive gases N1 and Ar where gas bubbles formed. They 
concluded that reduced permeability in the hydrocarbon 
source zone, caused by the formation of methane gas 
bubbles, and dissolution of low methane concentration 
bubbles entrapped during water-table fluctuations com
bine to reduce dissolved CH4 concentrations in the anoxic 
plume. 
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Figure 13. Predicted groundwater benzene concentration 
50 years after the spill for the case of (A) a first-order 
anaerobic benzene biodegradation rate that is uniform in 
time and (B) a first-order anaerobic biodegradation rate 
that becomes zero when Fe3+ is depleted (from Essaid et al. 
2003). The latter case reproduces the observed downgradient 
migration of the central high hydrocarbon concentration 
zone (see Figure 8). 

Model development and application has been an 
important complement to the field analysis at Bemidji, 
affirming conceptual models developed from field and 
experimental observations. Models have progressively 
incorporated more complex processes and have provided a 
means to quantify mass removal and biodegradation rates. 
These modeling approaches have universal application to 
studies at other hydrocarbon contaminated sites. 

Conclusions and Lessons Learned 
In summarizing the status of NAPL knowledge 

at the end of the 1980s, Mercer and Cohen ( 1990) 
identified many limitations in the research commu
nity's understanding of subsurface NAPL behavior. Their 
recommendations for future research included: improved 
methods to measure in situ saturation; improved under
standing of field constitutive relations (such as relative 
permeability functions); improved understanding of in 
situ volatilization and dissolution; studies of the influence 
of spatial variability on NAPL migration and recovery; 
and ongoing research at field sites to assess remedia
tion strategies. They also pointed out that although many 
sophisticated models were available to simulate the flow 
of NAPL, they were mainly used in a conceptual mode 
because of the lack of chemical and site-specific data. 
Twenty-five years of study at the Bemidji crude-oil spill 
site has contributed significant knowledge in all of these 
areas. 

Research at Bemidji has involved extensive investiga
tions of multiphase flow and transport, volatilization, dis
solution, geochemical interactions, microbial populations, 
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and biodegradation. The challenge of understanding and 
predicting the fate of hydrocarbons in the field is that these 
processes occur simultaneously, interact with one another, 
and are influenced by subsurface flow rates. For example, 
oil present in the pore space reduces water flow and con
sequently reduces hydrocarbon dissolution. The feedback 
between groundwater flow, dissolution, and biodegrada
tion influences the hydrocarbon plume extent. Also, the 
amount of nutrient rich recharge can impact biodegra
dation rates. Research at the Bemidji site has involved 
detailed monitoring and interpretation of field observa
tions coupled with laboratory experiments and numerical 
process-oriented models of varying complexity. This com
bined approach has been used to synthesize and integrate 
field observations and develop a comprehensive under
standing of the long-term fate of oil in the subsurface. 

Early observations of groundwater geochemistry at 
Bemidji were among the first to document the impor
tance of anaerobic processes for hydrocarbon removal and 
plume migration control (Baedecker et al. 1993; Egan
house el al. 1993; Bennett et al. 1993). Aerobic biodegra
dation was known to be an effective hydrocarbon removal 
process. However, detailed characterization (Cozzarelli 
et al. 1990, 1994) and modeling (Essaid et al. 1995, 
2003) of the Bemidji hydrocarbon plume illustrated that 
significant removal of hydrocarbons was also occurring 
in the central anaerobic core of the plume. Sequen
tial use of terminal electron acceptors was observed 
(Baedecker et al. 1993; Bekins et al. 1999), coupled with 
selective structure-dependent biodegradation of hydro
carbon compounds (Eganhouse et al. 1996). Anaerobic 
biodegradation evolved from manganese reduction to iron 
reduction as manganese oxides were depleted. Iron 
reduction was shown to be very effective at hydrocarbon 
removal. When Fe+3 became depleted, methanogenesis 
became the predominant anaerobic biodegradation pro
cess. Methanogenic biodegradation was not as effective 
at removing hydrocarbon compounds as iron reduction, 
and consequent increases in hydrocarbon concentrations 
were observed in the core of the plume (Bekins et al. 
2001; Cozzarelli et al. 2001). Certain BTEX compounds 
(such as toluene and a-xylene) were readily biodegraded 
and were not transported great distances in the plume. 
Benzene and ethylbenzene were more persistent. These 
findings illustrated that removal processes evolve with 
time, and estimates of removal rates made early in the 
life of a hydrocarbon plume may not be representative 
of future removal rates due to exhaustion of electron 
acceptors and/or nutrients. This must be kept in mind 
when evaluating the efficacy of natural attenuation as 
a remediation alternative at contaminated sites (Bekins 
et al. 2005b ). 

Spatial variability of hydraulic properties was found 
to be an important control on NAPL fate. The glacial 
outwash deposits at the Bemidji site consist primarily of 
moderately to poorly sorted sandy gravel, gravely sand, 
and sand with thin interbeds of fine sand and silt (Franzi 
1988). The finer grained layers, although a small frac
tion of the subsurface deposits, have exerted an important 
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influence on oil-phase flow. Observed and simulated oil
saturation distributions have illustrated that oil infiltration 
and redistribution are often controlled by grain-size het
erogeneity due to its effect on pore size distributions 
and capillary phenomena (Hess et al. 1992; Essaid et al. 
1993; Dillard et al. 1997). Where oil was entrapped above 
fine-grained layers that impeded downward movement, 
unsaturated zone oil saturations were still nearly 30% 
20 years after the spill. Oil distributions in the saturated 
zone showed that the shape of the oil body floating on the 
water table was complex, and not Jens shaped as would be 
expected in a uniform porous medium. Multiphase model
ing studies showed that heterogeneity had to be included 
to reproduce this complexity (Essaid et al. 1993; Dillard 
et al. 1997). Modeling studies also showed that the oil 
flow was hysteretic, with infiltration and drainage fol
lowing different characteristic curves. However, when the 
presence of the fine-grained layers was well characterized 
and explicitly represented in the multiphase flow model, 
hysteretic behavior could be reproduced simply through 
the effect of heterogeneity, without hysteretic characteris
tic curves. 

Heterogeneity in hydraulic conductivity also influ
enced subsurface vapor diffusion, water flow, and the 
progression of biodegradation. Unsaturated zone air pump 
tests in an uncontaminated area showed that a thin 
low-permeability horizon could isolate air flow above 
and below it (Baehr and Hult 1991). Further studies of 
vapor-phase concentration above the oil body revealed a 
fine-grained horizon above which oxygen concentrations 
increased rapidly and below which there was a sharp gra
dient in methane concentrations (Amos et al. 2005). In the 
saturated zone, increased flow and mass transport rates in 
more conductive zones led to more rapid depletion of 
Fe2+ and more rapid evolution to methanogenic condi
tions (Haack and Bekins 2000; Bekins et al. 2001). Sub
sequently, BTEX compounds that degraded more slowly 
under methanogenic conditions were observed to increase 
in concentration and advance downgradient (Cozzarelli 
et al. 2001 ). 

Considerable volumes of NAPL oil still remain in the 
subsurface despite 30 years of volatilization, dissolution, 
and biodegradation, and 5 years of pump-and-skim reme
diation (Herkelrath 1999; Enbridge Energy 2008). Con
current with hydrocarbon plume evolution, the crude-oil 
source was evolving as hydrocarbon compounds degraded 
and dissolved at different rates (Landon 1993; Landon and 
Hult 1996; Eganhouse et al. 1996). Changes in the oil 
source are best described by examining two categories of 
hydrocarbon compounds: the relatively soluble aromatic 
fraction (including BTEX) and the relatively insoluble 
fraction (alkanes). For the soluble aromatic fraction, field 
data indicated that the upgradient part of the oil body 
underwent more dissolution than the downgradient end 
(Eganhouse el al. 1996). The inflow of relatively low 
hydrocarbon concentration groundwater created a con
centration gradient across the oil-water interface driv
ing dissolution of the soluble hydrocarbons. As water 
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flowed downgradient past the oil body, hydrocarbon con
centration i11creased and dissolution decreased. Modeling 
of dissolution and biodegradation processes has illus
trated that dissolution is greatest where oil saturations 
are lower because of the greater flow of water through 
these zones (Essaid et al. 2003). Models results also have 
also shown that compounds with high effective solubili
ties (such as benzene) and/or large biodegradation rates 
(such as toluene) were depleted in the oil body more 
than other hydrocarbon compounds. Biodegradation in the 
water phase reduced hydrocarbon concentrations adjacent 
to the oil body, and consequently enhanced dissolution. 
The model results suggested that considerable BTEX still 
remained in the oil body 18 years after the spill. 

The degree of depletion of the insoluble alkane 
fraction in the oil body (degradation state) did not depend 
on oil saturation, indicating that it was not caused by 
dissolution but instead was a result of methanogenic oil 
biodegradation (Bekins et al. 2005a). Alkane depletion 
was much higher in the area below a local topographic low 
where focused flow (Delin and Herkelrath 1999, 2005) has 
resulted in increased groundwater recharge and nutrient 
transport. Vastly different observed degradation states for 
the same starting oil composition from a single spill event 
invalidates use of degradation state to estimate the timing 
of a spill (Bekins et al. 2005a). Vapor-phase data indicate 
that methanogenic biodegradation was occurring in the 
oil body by 1987 and is the dominant degradation process 
today (Hult and Grabbe 1988; Revesz et al. 1995; Chaplin 
et al. 2002; Amos et al. 2005). Under methanogenic 
conditions the longer chain n-alkanes and alkyl side 
chains are depleted first, creating a fingerprint which 
can mimic a lighter fuel. This phenomenon was also 
observed at a diesel spill site in Mandan, North Dakota 
(Hostettler et al. 2007, 2008). Fingerprinting techniques 
used to identify the starting composition of spilled product 
must account for this degradation pattern and be based on 
other components of hydrocarbon fuels. 

Detailed information from the Bemidji site has 
made it possible to develop increasingly complex mod
els of the fate and transport of hydrocarbons in the 
groundwater plume. Geochemical mass-balance model
ing (Baedecker et al. 1993) supported the hypothesis of 
anaerobic biodegradation of hydrocarbons in conjunction 
with dissolution of manganese and iron oxides, and out
gassing of CH4 and C02. Modeling of multispecies trans
port with sequential biodegradation represented by Monod 
kinetics showed that anaerobic processes removed more 
than half of the dissolved BTEX, and that iron reduction 
and methanogenesis had to occur concurrently to match 
observed plume concentrations (Essaid et al. 1995). Sub
sequent modeling based on thermodynamic constraints 
proved that this could be happening in the field (Curtis 
2003). Inverse modeling with simple first-order biodegra
dation rates reproduced the general features of the plume, 
but failed to capture the subtle changes in the plume as 
it evolved from primarily iron reducing to methanogenic 
conditions (Essaid et al. 2003). Incorporating a switch 
from iron reducing to methanogenic conditions after the 
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depletion of Fe3+ produced a simulated plume that repro
duced the observed downgradient migration of the central 
high hydrocarbon concentration zone (Essaid et al. 2003). 
Reactive transport modeling including the effects of gas 
bubble formation and collapse has shown that outgassing 
and oxidation of methane has been an important process, 
and that bubble formation has impeded water flow (Amos 
and Mayer 2006). 

Natural attenuation has been demonstrated to be an 
effective remediation strategy for many spills (Wiede
meier et al. 1999). However, transport and fate of hydro
carbons in the subsurface is a spatially and temporally 
complex problem. The persistent nature of the oil-phase 
hydrocarbon source and the long time frame for natural 
attenuation observed at Bemidji is not unique. Long-term 
field monitoring and process-oriented modeling at Bemidji 
has illustrated that hydrocarbon fate is compound specific 
and continually evolving with time. Thus, a snap-shot 
study of a hydrocarbon plume may not provide infor
mation that is of relevance to the long-term behavior of 
the plume under natural attenuation. Natural and induced 
changes in the oil source, redox conditions, microbial pop
ulations, recharge and flow rates will result in changes 
in plume extent. Ongoing research at the Bemidji crude
oil spill site continues to focus on providing insights and 
methods that will help us to understand and predict the 
evolution and fate of subsurface hydrocarbon plumes. 
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Use of Long-Term Monitoring Data to Evaluate Benzene, 
MTBE, and TBA Plume Behavior in Groundwater 

at Retail Gasoline Sites 
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Abstract: Long-term groundwater monitoring data for 48 retail gasoline sites were analyzed to define the characteristics of affected ground
water plumes containing benzene, methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA). Results of this analysis were used to de
termine the observed range and statistical distribution of current plume lengths, plume stability conditions, constituent concentration trends 
and attenuation rates, and the remediation timeframe for this population of sites. The goal of this evaluation was to characterize plume 
behavior as observed across a variety of hydrogeologic settings, on the basis of detailed groundwater monitoring records, rather than to 
define the site-specific factors controlling plume behavior. The results indicate that MTBE plumes in groundwater underlying a majority 
of these underground storage tank sites that were monitored for five years or longer (1) have significantly diminished in concentration over 
time, (2) are comparable in length to benzene plumes, (3) are, like benzene plumes, principally stable or shrinking in size and concentration, 
and (4) are on track to achieve remedial goals within a timeframe comparable to or faster than that of benzene plumes. At these same sites, 
TBA plumes were found to be comparable to benzene and MTBE plumes in terms of plume length. However, whereas most TBA plumes are 
also stable or shrinking, the percentage of TBA plumes that are currently stable or shrinking (68%) is less than that for benzene plumes (95%) 
or MTBE plumes (90%), likely reflecting the temporary build-up of TBA concentrations in groundwater attributable to methyl tert-butyl ether 
(MTBE) biodegradation. Nevertheless, overall trends for TBA concentrations in groundwater indicate that TBA is attenuating at rates 
comparable to benzene and MTBE and can be expected to meet applicable remediation goals in a similar timeframe as the other gasoline 
constituents. DOI: 10.1061/(ASCE)EE.1943-7870.0000488. © 2012 American Society of Civil Engineers. 

CE Database subject headings: Groundwater pollution; Benzene; Plumes; Remediation; Gasoline. 

Author keywords: MTBE; Benzene; TBA; Reformulated gasoline; RFG; UST; Groundwater plume behavior; Plume length; Attenuation 
rate decay rate; Remediation timeframe; Plume stability. 

Introduction 

In the 1990s, detections of methyl tert-butyl ether (MTBE) in the 
groundwater at petroleum storage tank sites and water supply wells 
generated considerable scientific and regulatory concern regarding 
the potential effect of this relatively new gasoline fuel additive on 
groundwater resources [USGS 1995; California Environmental 
Protection Agency (CEPA) 1999; USGS 2001]. In contrast to 
non-oxygenated gasoline fuel constituents, MTBE was known to 
be highly soluble in water, with low sorption coefficients, and 
was understood to be relatively recalcitrant to natural biological 
activity (Yeh and Novak 1991; Suflita and Mormile 1993; Hubbard 
et al. 1994; Mormile et al. 1994; Neilson 1994). As a result, some 
scientists predicted that, in comparison with non-MTBE gasoline, 
releases of MTBE-containing gasoline from underground storage 
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tank (UST) sites would result in relatively long plumes of affected 
groundwater that would cause much longer-term effects on ground
water resources and drinking water supplies (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002). These predictions were 
supported by the discovery of a few exceptionally long MTBE 
plumes extending thousands of feet down-gradient of the release 
point, such as in Long Island, New York (Weaver et al. 1996; 
Weaver et al. 1999). 

However, studies evaluating actual field measurements of hun
dreds of MTBE plumes across the United States and abroad have 
found the true extent and duration of MTBE effects on groundwater 
to be much less than previously anticipated. Specifically, monitor
ing data for groundwater plumes at nearly 400 gasoline release sites 
in California (Happel et al. 1998; Shih et al. 2004), Texas (Mace 
and Choi 1998; Shorr and Rifai 2002; Rifai et al. 2003), South 
Carolina (Wilson et al. 2003), and Florida (Reid et al. 1999; 
Reisinger et al. 2000) show that MTBE plumes typically stabilize 
at relatively short lengths ( < 200 ft), which are comparable to those 
of benzene plumes. Additionally, groundwater monitoring results 
from a total of 81 sites evaluated in Texas in 2002 (Shorr and Rifai 
2002) and in Florida in 1999 (Reid et al. 1999) indicate that the 
majority ofMTBE plumes (75%) are stable or decreasing in length. 
Furthermore, with regard to MTBE concentrations in individual 
monitoring wells, data from a total of 1628 monitoring wells in 
Texas (Rifai et al. 2003) and Connecticut (Stevens et al. 2006) in
dicate that MTBE concentrations in the groundwater are stable or 
decreasing over time in 74% of the wells evaluated. Research out
side of the United States similarly reported the effects of MTBE 
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on potable groundwater sources to be relatively limited on a 
regional scale. For example, in England and Wales, modeling 
analyses based on 3,000 groundwater samples from over 800 sites 
found that the potential plume dimensions for ether oxygenates, 
such as MTBE, did not pose a major threat to public water 
supplies (Environment Agency 2000). Additionally, a review of 
groundwater conditions at a number of sites with exceptionally 
large MTBE plumes discovered in the 1990s (Fogg et al. 1998; 
Odencrantz 1998; Weaver and Small 2002) indicate that the MTBE 
plume length and concentrations have diminished significantly 
over time [Environmental Assessment & Remediations (EAR) 
2005; EAR 2011; New York State Department of Environmental 
Conservation (NYSDEC) 2011]. 

Nevertheless, some of these studies indicate that their conclu
sions may be of limited applicability or certainty owing to the short 
duration of groundwater monitoring history analyzed for individual 
sites ( < 1 to 3 years) and/or insufficient evaluation of the plume 
stability condition (Happel et al. 1998; Shih et al. 2004). Employ
ing short-term data to predict long-term plume trends can entail 
uncertainty because (1) short-term groundwater monitoring data 
are more vulnerable to seasonal fluctuations and sampling variabil
ity; and (2) employing short-term monitoring records could under
estimate the true rate of attenuation of compounds, such as MTBE, 
that require longer acclimation periods to undergo biodegradation. 
Similarly, characterization of the plume stability condition is im
portant for understanding whether the current plume length repre
sents the maximum area of effect or if fmther plume expansion 
could occur. 

In addition, recent reports on complex groundwater plumes 
(e.g., detached and/or diving plumes), such as those located in 
the Long Island, New York area (Weaver and Wilson 2000; Nichols 
and Roth 2006), in California (Wilson et al. 2004), in Illinois 
(Wilson et al. 2005), and in dual-porosity aquifers such as the 
Cretaceous Chalk in the United Kingdom (Thornton et al. 2006), 
note the importance of adequate monitoring networks to achieve 
detailed horizontal and vertical delineation of groundwater plumes 
at typical UST sites. In the absence of adequate horizontal and ver
tical delineation, failure to identify detached plumes or diving 
plume conditions could result in misinterpretation of the ground
water conditions at UST sites, such as underestimation of actual 
plume lengths. This study evaluates hydrogeologic conditions at 
each site to identify those sites at which diving plumes may be 
of concern because of elevated recharge rates, vertical flow gra
dients, and/or absence of stratigraphic features serving to impede 
downward plume migration. 

The present study attempts to improve the understanding of 
MTBE plume behavior by (1) evaluating a database of geographi
cally diverse sites with long-term groundwater monitoring records 
and (2) employing a comprehensive analytical approach that in
cludes evaluation of current plume stability (including the potential 
for detached and diving plume conditions), current plume length, 
temporal concentration trends in groundwater, and attenuation rates 
for MTBE at these sites. In addition to MTBE, the behavior of 
benzene and tert-butyl alcohol (TBA) plumes in groundwater are 
evaluated and the long-term behavior of these three constituents in 
groundwater at these sites are compared. Benzene is used in this 
study as a representative component of non-MTBE fuel, for which 
the fate and transport characteristics in groundwater were well de
fined in prior studies, such as Weidemeier et al. 1999. TBA, an 
intermediate biodegradation product of MTBE, was shown to bio
degrade in both aerobic and anaerobic environments (Zeeb and 
Weidemeier 2007). Evaluation of these three chemicals in ground
water at petroleum release sites is intended to characterize the 

behavior of MTBE relative to that of benzene, and the MTBE 
degradation product, TBA. 

Methodology 

This study was conducted using monitoring records from a data
base of 48 retail gasoline sites with historical detections of benzene 
and MTBE in groundwater. For this purpose, long-term monitoring 
records for UST sites, co1Tesponding to sites with complete records 
for at least six monitoring wells for five years or more, were soli
cited from regulatory agencies, energy companies, and environ
mental consultants. Of an initial population of 54 sites, the 
number of sites found to meet the screening criteria was 48 for 
benzene, 48 for MTBE, and 38 for TBA. At each site meeting 
the minimum data requirements, plume behavior for each constitu
ent was characterized by evaluating the current length, the current 
stability condition, the temporal concentration trends, the observed 
attenuation rates, and the timeframe necessary to achieve applicable 
remediation goals. 

The groundwater remediation goals used to define the length of 
the affected groundwater plumes and evaluate the timeframe to 
achieve remediation endpoints are as follows: 5 µg/L for benzene, 
IO 11,g/L for MTBE, and 12 p.g/L for TBA. For benzene, the 
remediation goal corresponds to the federal maximum contaminant 
level (MCL) for drinking water (5 µg/L), (EPA 2009). For MTBE, 
the value corresponds to the New York State Department of Envi
ronmental Conservation (NYSDEC) groundwater standard for 
MTBE (IO µg/L), (NYSDEC 2008) and for TBA, the value cor
responds to the California drinking water action goal (12 µg/L) 
(RWQCB 2004). The reported laboratory detection limits for 
groundwater analyses at the 48 sites evaluated in this study were 
rarely above the concentration limits (benzene= 6%; MTBE = 9%; 
TBA = 14% ), providing an appropriate level of sensitivity to evalu
ate current compliance with remediation goals. 

The following section describes the site database used in this 
study and the methodology used to evaluate plume behavior at each 
site. 

Database of Long-Term Groundwater Monitoring 
Records for UST Sites 

Key characteristics of the groundwater monitoring database for the 
48 sites included in this study are as follows: 
• Geographic location: The sites are located in various states in 

the United States with different histories of MTBE use; speci
fically, 63% of the sites are in California, 19% in New Jersey 
IO% in Alaska, 6% in Oregon, and 2% in Nevada. A majority of 
the sites (82%) are located in California and New Jersey, two 
states that together, represented 45% of the total MTBE con
sumption in the United States in 2001 (Lidderdale 2003). 

• Current site use: Of the 48 UST sites, 30 are active service sta
tions and 18 are inactive stations or vacant lots with no further 
potential for releases of gasoline. 

• Release history: Available information indicates that under
ground fuel storage tanks and dispenser islands were principal 
sources of release of leaded and/or unleaded gasoline at the 48 
sites evaluated. More than 70% of the 48 sites have records of 
releases occurring after 1992 or are active service stations that 
handled MTBE reformulated gasoline (RFG) after 1992. 

• Environmental effects: Non-aqueous phase liquid (NAPL) or 
sheen was reported in monitoring wells at 34 of the 48 sites. 
Groundwater impacts were reported to be limited to a shallow 
aquifer unit at a majority of the sites, with only 6% of the sites 
reporting effects to more than one aquifer zone. 
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• Groundwater monitoring program: For the 48 sites included 
in this study, the median number of groundwater monitoring 

···wells per site is 17, with a median of four wells located in the 
source area ("source wells"), seven wells located within the 
plume downgradient of the source ("plume wells"), and six wells 
located outside of the affected groundwater plume ("delineation 
wells"). In this study, only wells designated as either source wells 
or plume wells were used to evaluate plume concentration trends. 
The median length of time that groundwater monitoring was un
derway at the 48 sites is 15 years for benzene, 11 years for 
MTBE, and eight years for TBA. Additionally, for the purpose 
of calculation of point attenuation rates, only those wells with 
more than eight years of monitoring data were used. 

• Remediation history: For 44 of the 48 sites evaluated in this study, 
information was available regarding past or on going remedial 
actions for affected groundwater. In sum, seven sites (16%) were 
managed only by monitored natural attenuation (MNA); nine 
sites (20%) were addressed only with NAPL recovery; 13 sites 
(30%) received some form of active groundwater remediation 
(e.g., pump and treat, air sparging) without NAPL recovery; 
and 15 sites (34%) received some form of active groundwater 
remediation in combination with NAPL recovery. 
As indicated by the relatively extensive monitoring well net

works, the long groundwater monitoring periods, the past presence 
of NAPL, and the implementation of active remedies at a majority 
of the sites in this study, this database is more representative of sites 
with larger fuel releases and more extensive groundwater impacts 
as opposed to sites with only minor MTBE effects on groundwater 
(e.g., with a few monitoring wells showing low-µg/L concentra
tions of MTBE in groundwater). Consequently, the findings of this 
study should be understood to pertain to plumes at sites with rel
atively significant fuel releases and not to sites with de minimis 
releases of MTBE at which much shorter plume lengths and dura
tions may be observed. 

Evaluation of Groundwater Plume Behavior 

For each of the 48 sites in this study, the behavior of the affected 
groundwater plume was evaluated as follows: 

1. Plume stability: The current plume stability condition was 
characterized by two methods: (I) comparing the maximum 
spatial extent of the groundwater plume observed historically 
with the spatial extent observed during the most recent sam
pling event at the site and (2) evaluating long-term concentra
tion trends in the wells located at the downgradient edge of 
the plume using the Mann-Kendall statistical method, as de
scribed in the MAROS software system [Air Force Center 
for Environmental Excellence (AFCEE) 2000]. For each con
stituent, the plumes were then classified as shrinking, stable, 
expanding, no trend, or detached. Plume concentration trends 
were characterized using the Mann-Kendall statistical method, 
as described in Aziz et al. (2003), as follows: (I) an increasing 
trend refers to a Mann-Kendall result of increasing with a sig
nificance level > 90%; (2) a decreasing trend refers to a Mann
Kendall result of decreasing with a significance level > 90%; 
(3) a stable condition refers to a Mann Kendall result of no 
trend at a significance level > 90% and with a coefficient of 
variation (COY) < l (indicating low degree of variability); and 
(4) no trend refers to a Mann-Kendall result of no trend but 
with a significance level < 90% and a high degree of variabil
ity (COV > l). Using this approach, plume stability was eval
uated for benzene at 42 sites, for MTBE at 41 sites, and for 
TBA at 34 sites. 

2. Current measured and estimated plume length: Cmrent plume 
lengths were determined either by (I) measuring the distance 
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Fig. 1. Correlation between estimated ersus measured plume lengths at 
30 UST sites with well-delineated MTBE, benzene, and TBA plumes 

from the source location to the downgradient location meeting 
the remediation goal (i.e., a clean location), for those sites in 
which the existing monitoring well network included at least 
one clean downgradient well (designated as well-delineated 
plumes in this study); or (2) estimating the distance from the 
source to a clean downgradient location, using an empirical 
estimation method on the basis of the observed bulk attenuation 
rate (Newell et al. 2002), for those sites at which the current mon
itoring well network did not include a clean downgradient well. 
Plumes for which the lengths could not be either directly mea
sured or estimated were designated as indeterminate. 

The available data were sufficient to provide measurements 
of plume length for 26 benzene plumes, 28 MTBE plumes, and 
19 TBA plumes. These well-delineated plumes were consid
ered the more reliable measure of plume length and were con
sequently used to check the plume length estimation method 
used for plumes with less complete delineation. As shown in 
Fig. 1, the estimated plume lengths for the well-delineated 
plumes, derived using the bulk attenuation rate, show a reason
able correlation to the true measured plume lengths at these 
sites (slope = 1.2, R2 = 0.43), with the error tending toward 
overestimation of the true plume length in most cases. On this 
basis, this calculation method was considered a conservative 
method for estimating the plume length for those sites with 
less complete delineation. Using this methodology, estimated 
plume lengths were derived for an additional eight sites for 
benzene, seven sites for MTBE, and three sites for TBA. 

Indeterminate plume lengths were found at 19% of the ben
zene sites, 15% of the MTBE sites, and 35% of the TBA sites 
in this study. To account for the effect of these indeterminate 
lengths on the plume population statistics (specifically, the 
median plume length), as a highly conservative measure the 
indeterminate plumes were assumed to be equal to or longer 
than the longest measured or estimated plume length deter
mined for each constituent. 

Additionally, to ensure that the available monitoring data 
provided a reliable measure of true plume dimensions, at each 
site and for each constituent the possible occurrence of a diving 
plume was evaluated on the basis of available data for vertical 
delineation of the plume. This entailed review of groundwater 
test results from the deeper monitoring wells on each site to con
firm that the plume did not extend downward beyond the depth 
of the monitoring network, resulting in possible mischaracteri
zation of the true plume length. Furthermore, each site was 
evaluated using the EPA plume dive calculator (Weaver and 
Wilson 2000) to determine whether site-specific hydrogeologic 
conditions could result in downward displacement of the plume 
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sufficient to extend beyond the depth of the monitoring well net
work. Results of this analysis found none of the sites to pose a 
concern with regard to diving plumes. Stratigraphic features at 
each site may have played an important role in limiting plume 
dive in the groundwater underlying these sites (Wilson 
et al. 2005). 

3. Current plume concentration trends: To evaluate the long-term 
temporal trends of constituent concentrations in groundwater 
at the 48 sites, monitoring data from individual wells that was 
sampled during eight or more sampling events, with detectable 
concentrations reported in four or more of these sampling 
events, were evaluated as follows: 

(1) Concentration trends in individual wells: To assess the 
trend of concentration versus time within each well, mon
itoring data from individual wells were statistically eval
uated using the Mann-Kendall method, as described in 
the MAROS software system (AFCEE 2000). Addition
ally, to minimize the effect of analytical variability and 
data censoring attributable to the detection limit, only 
wells in which individual constituents had historically 
been detected above 20 µg/L were evaluated for concen
tration trends. Of the 589 source wells and plume wells 
installed at the 48 sites, 288 wells (43 sites), 306 wells 
(42 sites), and 241 wells (34 sites) met these minimum 
criteria for benzene, MTBE, and TBA, respectively. 

(2) Current versus historical compliance with applicable reme
diation goals: Monitoring data from individual wells that 
were sampled during at least one event after 2007 were 
evaluated for past and current compliance with the applic
able remediation goals. In total, 218 wells (33 sites), 279 
wells (34 sites), and 134 wells (22 sites) met these selec
tion criteria for benzene, MTBE, and TBA, respectively. 

(3) Changes in maximum groundwater concentrations at 
individual sites over time: Additionally, as a simple mea
sure of the change in plume concentrations over time on 
a site-wide basis, the maximum historical concentration 
of each gasoline constituent detected in any well during 
the initial 20% of the monitoring history at a site was 
compared with the maximum concentration reported at 
any well during the most recent sampling event conducted 
at the site after 2007. At the 48 sites, maximum concen
trations of gasoline constituents measured in groundwater 
ranged between 45 µg/L and 120,000 µg/L for benzene, 
between 23 p.g/L and 1, 700,000 /Lg/L for MTBE, and 
between 68 p.g/L and 700,000 p.g/L for TBA. Reduction 
in maximum groundwater concentrations over time were 
evaluated at 42 sites for benzene, 41 sites for MTBE, 
and 34 sites for TBA. 

4. Point attenuation rates in individual wells and at sites: A first
order rate of attenuation of chemical concentrations in the 
groundwater aquifer was calculated for each source well and 
plume well that exhibited a stable or decreasing concentration 
trend by estimating the slope of the lognormal plot of concen
tration versus time [lnC versus t; point attenuation rate, as de
fined in Newell et al. (2002)] for benzene, MTBE, and TBA at 
each well. 

5. Additional and total remediation timeframe: For the purpose of 
this study, the additional remediation timeframe corresponds to 
the estimated future period required from the date of the last 
monitoring episode for each site (typically 2009) until the max
imum constituent concentration measured at the site is reduced 
to the applicable remediation goal. This additional timeframe 

for each site was calculated using the site-specific average 
point attenuation rates (see point 4 above) and the most recent 
maximum concentration for each constituent (Newell et al. 
2002). The total remediation timeframe for each compound 
was calculated as the sum of (1) the duration of groundwater 
monitoring period following the first detection of the constitu
ent at the site and (2) the maximum estimated additional reme
diation timeframe necessary to meet the applicable remediation 
goal for that constituent. Using this approach, additional and 
total remediation timeframes were evaluated at 37 sites for 
benzene, 31 sites for MTBE, and 15 sites for TBA. 

MTBE-degrading microbes are understood to require longer ac
climation periods than the microbes that degrade benzene, toluene, 
ethylbenzene, and xylene (BTEX) constituents (Shah et al. 2009). 
Consequently, to avoid underestimating the true rate of biodegra
dation of MTBE in the groundwater, this evaluation included only 
those wells with long-term monitoring records (> 8 years) with de
tectable concentrations of gasoline constituents measured above the 
detection limit during four or more sampling events. Additionally, 
to ensure that the observed changes in the concentration were 
attributable to attenuation rather than an artifact of variable labo
ratory results or detection limits between sampling events, only 
those wells that exhibited concentrations above 200 µg/L for each 
gasoline constituent during the initial 20% of its monitoring history 
were used to calculate the point attenuation rate for that constituent. 
Using this approach, point attenuation rates were calculated for 187 
wells (38 sites), 165 wells (30 sites), and 62 wells (16 sites) for 
benzene, MTBE, and TBA, respectively. 

The "total remediation timeframe" for each compound was cal
culated as the sum of (1) the duration of groundwater monitoring 
period following the first detection of the constituent at the site and 
(2) the maximum estimated additional remediation timeframe nec
essary to meet the applicable remediation goal for that constituent. 
Using this approach, additional and total remediation timeframes 
were evaluated at 37 sites for benzene, 31 sites for MTBE, and 
15 sites for TBA. 

Results of Data Evaluation 

Plume Stability 

The results show that the vast majority of the benzene plumes 
(95%) and the MTBE plumes (90%) evaluated in this study are 
stable or diminishing in size (see Fig. 2). Less than 5% of benzene 
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Fig. 2. Results of groundwater plume stability evaluation at individual 
sites 
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plumes (2 of 42 sites) and MTBE plumes (2 of 41 sites) were 
observed to be expanding in size over time. MTBE plumes showed 
evidence of being detached from the original release area at a small 
number of sites (2 of 41 sites); however, comparison of the past and 
current dimensions of these detached MTBE plumes shows that the 
spatial extent of on-site and off-site groundwater impacts for these 
detached plumes is also diminishing in size. None of the 42 ben
zene plumes exhibited detached conditions. 

For TBA, 68% of the plumes evaluated (23 of 34 sites) are 
currently stable or shrinking in size, whereas 26% (9 of 34 sites) 
were observed to be expanding in size over time. At the remaining 
two sites (6%), TBA was detected at higher concentrations in the 
plume wells than in the source wells, indicating a detached plume 
condition. The higher percentage of expanding TBA plumes (26%) 
compared with that of its parent compound MTBE (approx. 5%) 
suggests that, at some sites, biodegradation of MTBE has contrib
uted to increased concentrations of TBA in the areas downgradient 
of the plume source area. 

In summary, in terms of plume stability, MTBE plumes closely 
match the behavior of benzene plumes, with the vast majority of the 
MTBE plumes investigated (> 903) being in a stable or diminish
ing condition. Additionally, preliminary evaluation of the MTBE 
footprint at the few sites with detached plumes shows that on-site 
and off-site groundwater impacts are now much smaller in size than 
in the past, thus suggesting that, similar to normal groundwater 
plumes, detached plumes also stabilize and attenuate over time 
and distance. Although a majority of the observed TBA plumes 
are also stable or diminishing (68%), the lower percentage relative 
to MTBE and benzene plumes likely reflects the temporary build
up of TBA concentrations in groundwater attributable to MTBE 
biodegradation. In general, TBA may persist within the portion 
of the plume where biodegradation of benzene, MTBE, and other 
gasoline constituents has depleted available electron acceptors, and 
then preferentially biodegrade in the downgradient portions of the 
plume, where higher concentrations of suitable electron acceptors 
are encountered. 

Current Measured and Estimated Plume Lengths 

For the purpose of this evaluation, plumes lengths were (1) mea
sured directly for well-delineated plumes, (2) estimated using 
a conservative empirical relationship, or (3) characterized as 

Benzene 
(n =26) 
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(n =28) 

TBA 
(n = 19) 
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(a) Plume Length (ft) 

indeterminate on the basis of available data (see the discussion 
in the Methodology section above). Results of the plume length 
evaluation for each category of plume are provided below and 
in Fig. 3. 
(l) Measured plume lengths for well-delineated plumes: For sites 

with well-delineated plumes, the current median plume 
lengths, as measured by the monitoring well network, are 
105 feet for benzene (26 sites), 75 feet for MTBE (28 sites), 
and 118 feet for TBA (19 sites) [see Fig. 3(a)]. The 90th per
centile plume lengths for benzene, MTBE, and TBA at these 
same sites were 208 ft, 210 ft, and 226 ft, respectively. As a 
population, no statistically significant difference existed be
tween MTBE plume lengths and benzene plume lengths at the 
same sites, as determined using the Student's t-test (p = 0.69). 
The two MTBE plumes found to be detached from the source 
area exhibited plume lengths of 550 ft (with a maximum down
gradient extent 700 ft from the original source zone) and 510 ft 
(with a maximum downgradient extent 885 ft from the original 
source zone). 

(2) Estimated plume lengths: For sites with stable or shrinking 
plumes at which the existing well network was not adequate 
to delineate the plume length but for which a bulk attenuation 
rate could be calculated (on the basis of a lnC versus distance 
plot), plume lengths were estimated using the method de
scribed in Newell et al. (2002) (see the discussion in the Meth
odology section above). For this population of sites, the current 
median estimated plume lengths are 354 feet for benzene (eight 
sites), 379 feet for MTBE (seven sites), and 371 feet for TBA 
(three sites) [see Fig. 3(b)]. 

(3) Measured and estimated plume lengths: In combination, the 
current median plume lengths were measured or were esti
mated to be 125 feet for benzene (34 of 42 sites), 110 feet 
for MTBE (35 of 41 sites), and 145 feet for TBA (22 of 34 
sites) [see Fig. 3(c)]. For this data set, the 90th percentile plume 
lengths for benzene, MTBE, and TBA are 356 ft, 454 ft, and 
366 ft, respectively [see Fig. 3(b)]. 

( 4) Measured, estimated and indeterminate plume lengths: The 
plume length values presented above do not include inde
terminate plumes, for which the plume lengths could not be 
measured or estimated on the basis of available data, corre
sponding to 19% of the benzene plumes (8 of 42), 15% of 
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Fig. 3. Distribution of (a) measured plume lengths for well-delineated plumes; (b) measured and estimated plume lengths for all plumes 

462 /JOURNAL OF ENVIRONMENTAL ENGINEERING© ASCE I APRIL 2012 

020826



Fig. 4. Comparison of measured or estimated plume lengths for ben
zene versus MTBE 

MTBE plumes (6 of 41), and 35% of TBA plumes (12 of 34) in 
our data set. 

Given that these indeterminate plumes extended beyond the 
extent of the existing monitoring well networks, expecting that 
the average length of these plumes would exceed the average 
length of the plumes whose lengths were delineated or esti
mated is reasonable. Therefore, as a conservative measure, 
the median lengths of the full plume population, including 
the indeterminate plumes, were estimated using highly 
conservative assumption that all of the indeterminate plumes 
are equal to or longer than the longest measured or estimated 
plume length. Given this assumption, the adjusted median 
plume lengths for the full population of measured, estimated, 
and indeterminate plumes are 171 feet for benzene, 140 feet for 
MTBE, and 235 feet for TBA. These values correspond to a 
very conservative high-end estimate of median plume lengths 
and may significantly over estimate the true median 
plume length for this population. 

(5) Comparison of MTBE and benzene plume lengths: On a site
by site basis, at the 33 sites at which both MTBE and 
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benzene plumes were measured or estimated, the MTBE 
and benzene plumes are not statistically different on the basis 
of a Student's t-test analysis (assuming two-tail distribution and 
unequal variances between populations; p = 0.23). Fig. 4 pro
vides a comparison of the MTBE and benzene plume lengths 
determined for these 33 sites. As shown, 70% of the MTBE and 
benzene plumes (23 of 33) are within + / - 100 feet in length, 
whereas only 12% of sites (4 of 33) contained plumes that dif
fered by more than 200 ft (see Fig. 4). 

In summary, for the sites in this study, the lengths of MTBE 
plumes are comparable to those of benzene plumes (adjusted 
median values of 140 feet for MTBE versus 171 feet for benzene 
for all plumes, and unadjusted 90 percentile plume lengths of 
454 feet for MTBE versus 356 feet for benzene for measured 
and estimated plumes). TBA plume lengths are also comparable 
to those of MTBE plumes (adjusted medians of 235 feet for 
TBA versus 140 feet for MTBE for all plumes, and unadjusted 
90 percentile plume lengths of 366 feet for TBA versus 454 feet 
for MTBE for measured and estimated plumes). 

Note that the applicable MTBE remediation goal employed 
in this study (i.e., 10 µg/L) is more stringent than groundwater 
standards applied in some states in the United States, including 
California (primary MCL = 13 µg/L) [California Department of 
Public Health (CDPH) 2009) and New Jersey (MCL = 70 µg/L) 
[New Jersey Department of Environmental Protection (NJDEP) 
1997). Consequently, the plume lengths presented in this paper re
present a conservative overestimate of MTBE plume lengths sub
ject to remedial action goals in those states. 

Current Groundwater Concentrations and 
Concentration Trends 

(I) Reductions in the maximum plume concentrations observed at 
each site: The monitoring records show that the maximum plume 
concentrations recorded within the initial 20% of the monitoring 
period decreased over time for 93, 90, and 74% of the benzene 
(40 sites), MTBE (38 sites), and TBA (26 sites) plumes evaluated 
in this study. Among these sites, the median reductions over time 
in the maximum historical groundwater concentration were 90% 
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Fig. 5. Concentration Trends: (a) Median percent reduction in maximum groundwater concentration at all sites; (b) distribution of groundwater 
concentrations trends versus time in individual wells (Both stable plumes and no trend plumes have a Mann-Kendall result of "no trend." However, 
for our evaluation, consistent with the MAROS guidelines (Aziz et al. 2003), "stable" is used for "no trend" results for which the level of significance 
is > 90% and COV < I, whereas no trend refers to no trend results with level of significance < 90% and/or COV > l) 
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/ 

for benzene, 99% for MTBE, and 69% for TBA [see Fig. 5(a). For 
those sites with shrinking or stable plumes, the percentage 

--reductions in the maximum historical concentrations were slightly 
higher than for the full plume population, at 92% for benzene 
(40 sites), 99% for MTBE (37 sites), and 88% for TBA (23 sites). 
At sites with detached MTBE plumes (two sites) or TBA plumes 
(two sites), the concentration reduction was observed to be approx
imately 92% for MTBE and 81 % for TBA. 

(2) Concentration Trends in Individual Monitoring Wells: 
Evaluation of the concentration trends in individual monitoring 
wells found concentrations to be stable or diminishing over time 
for 90% of wells with detectable benzene and for 86% of wells 
with detectable MTBE [see Fig. 5(b)]. Less than 2% of the wells 
containing benzene and less than 4% of the wells containing MTBE 
exhibit increasing concentration trends. For TBA, 58% of individ
ual wells show stable or diminishing concentration trends over 
time, whereas 13% of the wells exhibit increasing trends. 

(3) Current versus historical compliance with applicable 
remediation goals: 

All wells: The number of monitoring wells that meet the 
remediation goals for benzene and MTBE increased significantly 
over the monitoring periods [see Fig. 7(a)]. Specifically, the per
centage of individual monitoring wells that meet the selected 
remediation goals (i.e., 5 p.g/L for benzene and IO µg/L for 
MTBE) increased from IO to 48% for benzene and from 11 to 
57% for MTBE, representing an approximate five-fold increase 
in compliance for each constituent. The percent of individual mon
itoring wells for which TBA meets the selected remediation goal 
(12 µg /L) also increased, but by a lesser margin than the other two 
constituents, increasing to 25% in the most recent sampling epi
sodes compared with 16% historically, an approximate 60% in
crease. In general, the percentage of plume wells in compliance 
with the remediation goal is greater than those located in the source 
area, which is consistent with the commonly observed pattern of 
concentrations diminishing more rapidly in the downgradient por
tion of the plume, with measurable concentrations persisting for a 
longer period in the source area. 

Site-wide evaluation: On a site-wide basis (i.e., in 100% of 
monitoring wells), 12% of the 43 sites affected by benzene, 
24% of the 42 sites affected by MTBE, and 14% of the 35 sites 
affected with TBA presently meet the applicable remediation goal 
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for all monitoring wells [see Fig. 6(b)]. Historically, none of these 
sites met the remediation goal on a site-wide basis for all monitor
ing wells. 

In summary, during the monitoring period, the majority of sites 
investigated in this study experienced significant reductions in 
maximum plume concentrations for benzene, MTBE, and TBA 
(i.e., > 693 of sites for all three compounds). The median reduc
tion observed in the maximum concentration in MTBE plumes 
(99%) exceeds that of benzene plumes (90%) for the full plume 
populations [see Fig. 5(a)]. Within individual monitoring wells, 
MTBE exhibits concentration trends comparable to those of ben
zene, with 86 to 90% of wells showing stable or diminishing con
centrations over time. As a result, a much larger percentage of wells 
now comply with these remediation goals than was observed at the 
beginning of the monitoring period. Relative to benzene and MTBE 
plumes, a smaller percentage of TBA wells (58%) exhibit stable or 
diminishing concentrations, whereas a larger percentage indicate 
increasing concentrations (13%), which may reflect the temporary 
increase in TBA concentrations attributable to biodegradation 
ofMTBE. 

Detached MTBE and TBA plumes exhibit concentration reduc
tions (MTBE: 85 to 99% reduction; TBA: 71 to 91% reduction) 
similar to those of non-detached plumes (MTBE: 29 to 100% re
duction; TBA: 11 to 100% reduction). The median concentration 
reduction exhibited by all TBA plumes (69%) is less than that of 
MTBE (99%) and benzene plumes (90%), possibly reflecting the 
temporary build-up of TBA concentrations attributable to biodeg
radation of MTBE. 

Point Attenuation Rates in Individual Wells 

For wells exhibiting a trend of stable or diminishing concentrations 
over time, the data are amenable to calculation of a point attenu
ation rate (i.e., on the basis of C versus t) using the standard meth
ods described in Newell et al. (2002). (Note that, in this paper, 
when concentrations are declining over time, the rate constant has 
a negative value; when concentrations are increasing over time, the 
rate constant is positive). The concentration attenuation rates ob
served in individual wells for the three gasoline constituents under 
study are as follows. 

(1) Point attenuation rates in individual wells: First-order point 
attenuation rates estimated for benzene in 188 wells (39 sites) 
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Fig. 6. Comparison of historical versus current compliance with remediation goals 
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Fig. 7. Comparison of point attenuation rates for benzene, MTBE, and TBA at sites with stable or shrinking plumes 

ranged from -5.8 per year to 0.52 per year, with a median 
value of -0.59 per year [see Fig. 7(a)]. For MTBE, first-order 
attenuation rates were estimated for 175 wells (33 sites) and 
were observed to range from -3.6 per year to 0.29 per year, 
with a median value of -0.63 per year. TBA degradation rates 
were estimated for 110 wells (21 sites) and ranged from -4.9 
per year to 1.71 per year, with a median value of -0.52 
per year. 

(2) Median point attenuation rates in wells at each site: Site-wide 
attenuation rates obtained by calculating the median attenua
tion rate for individual wells at each site are shown in 
Fig. 8(b ). Attenuation rates ranged between -0.12 and 
-2.9 per year (median = -0.65 per year) for benzene, 
-2.7 and 0.01 per year (median= -0.69 per year) for 
MTBE, and -2.94 and 0.025 per year (median= -0.63 
per year) for TBA. These median attenuation values are com
parable, but slightly faster (i.e., more negative), than the va
lues determined for each chemical on the basis the full well 
population [see Fig. 7(a)]. 

In summary, concentration trends in individual wells and on a 
site-wide basis indicate that the point attenuation rates of benzene, 
MTBE, and TBA are similar 
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As an alternative measure of the relative behavior of benzene, 
MTBE, and TBA in groundwater, the overall concentration trend 
for each constituent among the full population of sites was char
acterized as the change in the median and maximum concentrations 
versus time among all sites, as shown on Figs. 9(a) and 9(b) and 
discussed below. 

(1) Reduction in overall median concentration versus time for 
full site population: The median concentrations of benzene, 
MTBE, and TBA in groundwater for the full site population 
all decreased significantly over the past 10 years. As indicated 
in Fig. S(a), the overall attenuation rates (C versus t) exhibited 
by these median concentration values over the past 10 years 
are -0.20 per year, -0.47 per year, and -0.27 per year for 
benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.4, 1.5, and 2.5 years. 

(2) Reduction in maximum concentration versus time for full 
site population: Similar to the median values, the maximum con
centrations of benzene, MTBE, and TBA in groundwater for this 
site population also decreased significantly over the past 10 years. 
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Fig. 8. Trend in site-wide median and maximum plume Concentrations versus time 
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Fig. 9. Time to Remediation for Sites with Stable or Shrinking Plumes ("Benzene Only" refers to those sites where only benzene, not MTBE or TBA, 
exceeded the applicable remediation goal.) 

As indicated in Fig. 8(b), the overall attenuation rates (C versus t) 
exhibited by these maximum concentration values over the past 
10 years are -0.20 per year, -0.43 per year, and -0.29 per year 
for benzene, MTBE, and TBA, respectively, corresponding to half 
lives of 3.5, 1.6, and 2.4 years. 

In summary, when evaluated on the basis of the full site pop
ulation, both the median and maximum MTBE concentrations mea
sured in groundwater are observed to decrease at a faster rate than 
the median and maximum concentrations of benzene. The faster 
attenuation rate observed for MTBE relative to benzene may reflect 
the effectof (1) the discontinued use of MTBE in the past decade, 
as a result of which unlike benzene, additional releases of MTBE 
cannot occur at active UST sites and/or (2) the much higher solu
bility of MTBE, compared with benzene, which can result in a 
more rapid rate of dissolution and depletion of MTBE from the 
source, eventually resulting in lower contributions of MTBE from 
the source to the plume, relative to benzene. 

The median and maximum TBA concentrations observed for 
this site population are generally higher than either MTBE or ben
zene. In addition, TBA exhibits an overall average attenuation rate 
that is slower than MTBE. These observations are consistent with a 
temporary build-up of TBA, as a biodegradation product of MTBE, 
and limited biodegradation of TBA within the more concentrated 
portions of the plume in which electron acceptors were depleted 
by preferential biodegradation of BTEX and MTBE. 

Effect of Active Groundwater Remediation on Plume 
Attenuation Rates 

To evaluate the influence of active remediation on plume concen
tration trends, attenuation rates at sites at which active groundwater 
remediation and/or LNAPL recovery were conducted were com
pared with attenuation rates at those sites that were managed by 
MNA only. Table 1 summarizes the median attenuation rates de
termined for sites classified as: (1) MNA only, (2) NAPL recovery 
only, (3) groundwater remedy only, or (4) groundwater remedy plus 
NAPL recovery, on the basis of whether such actions were con
ducted for any period of time in the site history. 

Student's Hests (two-sided) comparing these four groups found 
that, for all three plume constituents, no statistically significant dif
ference existed between the attenuation rates observed between 
(1) MNA-only sites versus groundwater remedy only sites (groups 1 
and 3 in Table 1; p-value range for the three compounds = 0.10-
0.43) or between (2) the combined population of MNA-only plus 
NAPL recovery only sites (groups 1 and 2 in Table 1) versus the 
combined population of groundwater remedy only and ground
water remedy with NAPL recovery sites (groups 3 and 4 in Table 1) 
(p-value range for the three compounds = 0.33-0.62). This analysis 
indicates that, for this set of sites, active groundwater remedies did 
not serve to measurably alter the rate of attenuation of plume con
centrations versus time for the benzene, MTBE, or TBA. Rather, 
the fact that groundwater remedy only sites display attenuation 
rates comparable with those of MNA-only sites suggests that 

Table 1. Comparison of Attenuation Rates of Median Plume Concentration versus Time for Different Remedial Action Conditions 

Benzene MTBE TBA 

No. of Median attenuation No. of Median attenuation No. of Median attenuation 
Groundwater remediation method Sites rate (I/yr) sites rate (l/yr) sites rate (l/yr) 

1) MNA only 7 -0.20 6 -0.56 3 -0.23 
2) NAPL recovery only 9 -0.13 9 -0.42 7 -0.18 

3) Groundwater remedy only 13 -0.27 14 -0.47 12 -0.24 
4) Groundwater remedy with NAPL recovery 13 -0.09 13 -0.46 11 -0.06 

466 I JOURNAL OF ENVIRONMENTAL ENGINEERING© ASCE I APRIL 2012 

020830



natural attenuation is likely the dominant attenuation mechanism 
for this population of sites. This observation is supported by the 
overall trend of TBA and MTBE concentrations across the full pop
ulation of sites (see point 5 above). The presence of TBA in ground
water at concentrations greater than MTBE similarly indicates that 
biodegradation of MTBE (i.e., conversion to TBA) is the dominant 
mass removal mechanism for MTBE and that this natural attenu
ation process is more significant than active remediation for this site 
population. 

The finding that groundwater plumes at sites managed by MNA 
only versus sites managed by active groundwater remediation are 
comparable is consistent with prior investigations of large popula
tions of BTEX plumes (benzene, ethylbenzene, toluene, and 
xylene), as reported in Newell and Connor (1998). Specifically, 
studies by Rice et al. (1995) of 208 BTEX plumes in California 
and by Mace et al. (1997) of 93 BTEX plumes in Texas found 
no statistical difference in plume lengths between active ground
water remediation sites and MNA only sites. 

In summary, the attenuation rates of the median concentrations 
of the three plume constituents are equivalent for sites in which 
active groundwater remediation was conducted versus sites in 
which only MNA was applied. In the absence of more detailed in
formation regarding the remediation activities at each of the sites in 
this study, particularly with regard to the mass of constituents re
moved or destroyed, and a comparison of plume conditions before 
and after the remedy, a degree of uncertainty in this analysis is rec
ognized with respect to the effect of remediation on plume condi
tions. For example, remediation efforts that remove a significant 
portion of the source mass from the groundwater can certainly serve 
to reduce the maximum plume size and increase the rate of plume 
shrinkage. However, at face value, the similarity of the attenuation 
rates observed at actively remediated versus nonactively remedi
ated sites suggests that natural attenuation of benzene, MTBE, 
and TBA may be the principal mechanism of mass removal for this 
population of plumes. 

Additional and Total Remediation Timeframe 

For sites with stable or shrinking plumes, which are amenable to 
calculation of point attenuation rates (C versus t), the average at
tenuation rates calculated for each site (see item 4b above) were 
used to calculate the additional time necessary for the site to meet 
the applicable groundwater remediation goal [see Fig. 9(a)]. The 
additional remediation timeframe was estimated to range from 0 
to 43 years for benzene (median = 6.4 years for 36 sites), 0 to 
28 years for MTBE (median =4 years for 31 sites), and 2 to 18 years 
for TBA (median = 4.5 years for 15 sites). 

For this same population of sites, the total remediation time
frame was determined as the sum of the additional remediation 
timeframe plus the number of years since monitoring first began 
on the site. The total remediation timeframe was estimated to range 
from 12 to 52 years for benzene (median= 24 years for 36 sites), 7 
to 41 years for MTBE (median = 15 years for 31 sites), and 9 to 
29 years forTBA [median= 17 years for 15 sites; see Fig. 9(b)]. For 
sites with MTBE and/or benzene plumes, the combined total time
frame to reach applicable remediation goals is within the range 16 
to 53 years, with a median timeframe of 28 years. For sites at which 
only benzene ever exceeded the applicable remediation goal (i.e., no 
exceedance for either MTBE or TBA), the total remediation time
frame was estimated to be from 14 to 52 years (median= 24 years; 
7 sites). 

In summary, evaluation of the additional and total timeframe 
required to achieve remediation goals again shows benzene and 
MTBE plumes to exhibit similar behavior. Note that the total 
remediation timeframes for benzene and/or MTBE plumes 

combined (range of 16 to 53 years, with a median timeframe of 
28 years) are comparable to the total remediation timeframes for 
sites at which groundwater impacts are limited to the presence 
of benzene only, with no MTBE effects above the applicable 
remediation goal (range of 14 to 52 years, with a median of 
24 years). These results indicate that MTBE plumes are not 
recalcitrant in comparison to benzene plumes; in contrast, they 
can be expected to attenuate within the same general timeframe. 
Indeed, as suggested by the data in this study, at many sites, MTBE 
plumes may be observed to reach remediation goals more quickly 
than the benzene plume. 

Comparison to Previous Studies 

Earlier studies predicted that, in comparison to non-MTBE gaso
line, releases of MTBE-containing gasoline from UST sites would 
result in relatively long plumes and much longer-term effects on 
groundwater resources (Fogg et al. 1998; Odencrantz 1998; Weaver 
and Small 2002). However, the results of the evaluation of gasoline 
plume behavior at 48 sites located in diverse hydrogeologic settings 
across the nation indicate that at a majority of UST sites that were 
monitored for five or more years: (I) the MTBE concentrations in 
groundwater significantly diminished over time, (2) MTBE plume 
lengths and stability conditions are comparable to benzene plumes, 
and (3) MTBE plume attenuation is on track to achieve remedial 
goals within a timeframe comparable to or less than that of benzene 
plumes. These findings are consistent with other studies that exam
ined monitoring data for large populations of UST sites across the 
nation and found that the spatial extent and duration of MTBE ef
fects on groundwater resources is much less than previously antici
pated (Mace and Choi 1998; Reid et al. 1999; Shorr and Rifai 2002; 
Rifai et al. 2003; Wilson et al. 2003; Shih et al. 2004; Stevens et al. 
2006). Review of our specific findings with regard to those of pre
vious studies is summarized in Table 2 and discussed in further 
detail below. 
1. Plume stability: The percentage of stable or shrinking MTBE 

plumes at the 41 sites evaluated in this study (90%) is toward 
the upper end of the range of values (50 to 96%) published in 
previous studies for a total of 81 sites evaluated in Texas in 2002 
(Shorr and Rifai 2002) and in Florida in 1999 (Reid et al. 1999). 
These results suggest that, given the longer monitoring periods 
that were the focus of the current study and the greater passage 
of time since the release, a larger percentage of MTBE plumes 
will attenuate to a stable or shrinking condition. 

2. Plume length: The median MTBE plume length determined in 
this study (adjusted upper-end median of 140 feet) is on the low
er end of the range of median lengths (140 feet to 178 feet) re
ported in earlier studies (Mace and Choi 1998; Wilson et al. 
2003; Reid et al. 1999). Again, this shorter median plume length 
may reflect the longer monitoring periods for the sites included 
in this study, which is consistent with continued attenuation of 
MTBE plume lengths over time. 

3. Point attenuation rate: The median attenuation rate for MTBE in 
groundwater (-0.63 per year) reported for the sites include in 
this study is faster than the attenuation rate values published 
in previous studies (median of -0.35 per year) for MTBE
affected sites undergoing natural attenuation only (Schirmer 
et al. 1999; Wilson and Kolhatkar 2002; Hansen et al. 2003; 
Rifai et al. 2003; EPA 2005). The faster MTBE attenuation rates 
observed in this study may reflect the effect of the longer mon
itoring period, which may provide a more accurate estimate for 
attenuation rates for compounds, such as MTBE, that entail 
longer periods for acclimation of the in situ bacterial population. 
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Table 2. MTBE Plume Characteristics Reported in the CmTent Study versus that Reported in Literature 

Results for MTBE plumes 

Current study Prior studies of data for multiple plumes 

MTBE plume 
characteristic 

No. of 
sites Value 

No. of 
sites Value Reference Comments 

Percent of stable or 

shrinking plume 

41 90% 81 50% to 96% (Shorr and Rifai 2002; Reid 

et al. 1999) 

Results fit within the range 

of previous findings, but 

indicate higher % of stable/ 

shrinking plumes. 

Plume length (feet) 35 Median = 140 ft0 356 Median= 140-178 ft (Mace and Choi 1998; The study finds median 

MTBE plume length to be at 

lower end of range in prior 

studies. 

Wilson et al. 2003; Reid 

et al. 1999) 

Point attenuation 33 -3.6to0.29 IOOb -1.2 to - 0.15 (Schirmer et al. 1999; The study finds MTBE 

attenuation rates to be faster 

than previous studies. 

rate (per year) (Median = -0.63) (Median = -0.35) Wilson and Kolhatkar 2002; 

Hansen et al. 2003; EPA 

2005; Rifai et al. 2003) 

°Table shows the adjusted median plume length for sites at which plume lengths were either measured, estimated, or considered indeterminate. 
bResults reported from MNA-only sites. 

In addition, given the discontinued use of MTBE as a fuel addi
tive, additional releases of MTBE can no longer occur at active 
UST sites; therefore, in the absence of such additional source con
tributions, faster attenuation rates are likely to be observed within 
the population of existing MTBE plumes (Stevens 2006). 
Furthermore, the higher solubility of MTBE compared with ben
zene may contribute to more rapid dissolution and depletion of 
MTBE from the source, resulting in larger reductions in source 
contributions of MTBE to the plume over the long term. 

Conclusions 

This study addresses the characteristics of benzene, MTBE, and 
TBA plumes in groundwater for a population of 48 retail service 
station sites, specifically in terms of plume length, plume stability 
condition, concentration reduction trends over time, attenuation 
rates, and the timeframe within which natural attenuation achieved 
remedial goals for each constituent. The goal of this evaluation was 
to characterize plume behavior as observed across a variety of hy
drogeologic settings on the basis of detailed groundwater monitor
ing records, rather than to define the site-specific factors controlling 
plume behavior. The groundwater monitoring data analyzed in this 
study confirm that, over the long term for this site population, the 
behavior of MTBE plumes in groundwater is similar to that of 
benzene plumes with respect to current plume lengths and plume 
stability trends. However, overall MTBE concentrations are de
creasing more quickly than benzene, and may, on average, reach 
the applicable remediation goals more quickly than benzene 
plumes. The faster attenuation of MTBE plumes compared with 
benzene is consistent with the discontinued use of MTBE as a fuel 
additive. 

TBA plumes were also found to be comparable to benzene and 
MTBE plumes in terms of plume length. However, whereas most 
TBA plumes are stable or shrinking, the percentage of TBA plumes 
currently stable or shrinking (68%) is less than that for benzene 
plumes (95%) and MTBE plumes (90%), likely reflecting the tem
porary build-up of TBA concentrations in groundwater attributable 
to MTBE biodegradation. Nevertheless, overall trends for the 
median and maximum concentrations of TBA in groundwater at 
these sites indicate that TBA is attenuating at rates somewhat faster 

than benzene and can therefore be expected diminish to applicable 
remediation goals in a similar timeframe as the other gasoline 
constituents. 
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Review of Quantitative Surveys of the Length 
and Stability of MTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites 
by John A. Connor1, Roopa Kamath 2, Kenneth L. Walker2, and Thomas E. McHugh2 

Abstract 
Quantitative information regarding the length and stability condition of groundwater plumes of benzene, 

methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA) has been compiled from thousands of underground 
storage tank (UST) sites in the United States where gasoline fuel releases have occurred. This paper presents 
a review and summary of 13 published scientific surveys, of which 10 address benzene and/or MTBE plumes 
only, and 3 address benzene, MTBE, and TBA plumes. These data show the observed lengths of benzene and 
MTBE plumes to be relatively consistent among various regions and hydrogeologic settings, with median lengths 
at a delineation limit of 10 µg/L falling into relatively narrow ranges from 101 to 185 feet for benzene and 
110 to 178 feet for MTBE. The observed statistical distributions of MTBE and benzene plumes show the two 
plume types to be of comparable lengths, with 90th percentile MTBE plume lengths moderately exceeding 
benzene plume lengths by 16% at a 10-µg/L delineation limit (400 feet vs. 345 feet) and 25% at a 5-µg/L 
delineation limit (530 feet vs. 425 feet). Stability analyses for benzene and MTBE plumes found 94 and 93% 
of these plumes, respectively, to be in a nonexpanding condition, and over 91 % of individual monitoring wells 
to exhibit nonincreasing concentration trends. Three published studies addressing TBA found TBA plumes to be 
of comparable length to MTBE and benzene plumes, with 86% of wells in one study showing nonincreasing 
concentration trends. 

Introduction 
Over the past two decades, thousands of underground 

storage tank (UST) sites across the United States have 
been investigated to assess the potential impacts of gaso
line fuel leaks on the underlying soil and groundwa
ter. This experience has generated extensive information 
regarding the nature and extent of groundwater plumes 
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containing benzene, methyl tert-butyl ether (MTBE), and 
tert-butyl alcohol (TBA). In the 1990s, when regulations 
required that gasolines be blended with oxygenate addi
tives like MTBE for more efficient combustion, some 
researchers predicted that, in the event of a gasoline 
release to groundwater, MTBE would form much longer 
groundwater plumes compared to benzene (Fogg et al. 
1998; Odencrantz 1998; Weaver and Small 2002). These 
authors based their predictions upon considerations that 
(1) MTBE is more soluble and less sorptive than ben
zene and could therefore travel farther than benzene in 
groundwater, in the absence of other attenuation mech
anisms; and (2) MTBE, unlike benzene, was suspected 
to be relatively resistant to biodegradation by native soil 
bacteria (Yeh and Novak 1991; Suflita and Mormile 1993; 
Mormile et al. 1994). 

These predictions were initially supported by the 
discovery of a few exceptionally long MTBE plumes 
extending thousands of feet downgradient of the release 
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point, such as in Long Island, New York (Weaver et al. 
1996, 1999). In contrast to these few exceptionally long 
plumes, several studies conducted in the mid- I 990s that 
compiled information from numerous UST sites found the 
measured lengths of benzene and MTBE plumes to be 
comparable (Happel et al. 1998; Mace and Choi 1998). 
However, some authors questioned whether these results 
were reliable, postulating that younger MTBE plumes 
could be continuing to expand while older benzene plumes 
might be stable or diminishing in size, and/or noting that 
proper delineation of plume lengths could be hampered 
by diving plume conditions or other limitations (Happel 
et al. 1998; Mace and Choi 1998; Shih et al. 2004). 

Subsequent scientific studies have improved our 
understanding of the lifecycle of contaminant plumes 
and the behavior of gasoline additives in groundwater. 
Specifically, field and laboratory investigations have 
found MTBE to biodegrade in groundwater under both 
aerobic and anaerobic conditions (Mackay et al. 2001, 
2007; Wilson et al. 2002; Gray et al. 2002; McKelvie 
et al. 2007a). Published studies conducted from 1995 
to 2013 have compiled field data from thousands of 
UST sites across the country, providing information on 
the measured lengths of MTBE and benzene plumes in 
groundwater and/or the observed plume stability condition 
(Rice et al. 1995; Buscheck et al. 1996; Mace et al. 1997; 
Happel et al. 1998; Reid et al. 1999; Reisinger et al. 2000; 
Shorr and Rifai 2002; Wilson 2003; Rifai and Rixey 
2004; Shih et al. 2004; Stevens et al. 2006; Tarr and 
Galonski 2007; Karnath et al. 2012). In addition, three 
studies have addressed the behavior of TBA plumes found 
in conjunction with MTBE gasoline releases (Shih et al. 
2004; Karnath et al. 2012; McHugh et al. 2013). 

Purpose of Review 
In this paper, we have reviewed the results of 13 

published studies of multiple plumes to characterize the 
statistical distribution of plume lengths, plume stability 
conditions, and concentration trends for benzene, MTBE, 
and TBA plumes at UST sites. These studies have 
applied a variety of technical criteria and methodologies 
to achieve a representative measurement of plume lengths 
and stability conditions at retail gasoline sites. In total, 
the studies provide quantitative data on over 550 MTBE 
plumes and over 1300 benzene plumes at retail gasoline 
sites in a variety of hydrogeologic settings. 

This review paper updates prior publications that 
compiled information on large populations of benzene 
and MTBE plumes (Newell and Connor 1998) by 
incorporating the results of additional multi-plume studies 
conducted over the past 15 years. In addition, this 
study incorporates the results of three studies that 
have addressed TBA plume behavior in addition to 
benzene and MTBE (Shih et al. 2004; Karnath et al. 
2012; McHugh et al. 2013). This paper describes the 
methodology employed to review and compile these data, 
presents statistical summaries of benzene, MTBE, and 
TBA plume characteristics, and addresses the significance 
and limitations of these data. 

196 J.A. Connor et al. Groundwater 53, no. 2: 195-206 

Compilation of the data from these 13 separate studies 
is intended to provide a more complete understanding 
of plume behavior across multiple regions, as well as 
summary statistics on the observed length and stability 
condition of these plumes. This review serves to compile 
information generated over two decades of scientific 
investigation so as to provide the reader the benefit of the 
accumulated knowledge and weight of evidence that could 
not be obtained from the individual studies on their own. 

Compilation of Data from Published Studies 
We have surveyed the published literature to iden

tify prior studies that have compiled quantitative data on 
groundwater plume conditions at multiple UST sites in the 
United States. Table 1 lists 13 studies that provide quan
titative information and statistical summaries regarding 
the lengths and/or stability conditions of benzene, MTBE, 
and/or TBA groundwater plumes. Appendix S 1 includes 
summary data from each paper tabulated as the basis for 
this paper. 

Technical Specifications of Quantitative Surveys 
of Plume Characteristics 

Each of the studies compiled in this paper has 
employed one or more technical criteria to obtain a 
representative sampling of plume characteristics from 
among existing groundwater monitoring records at UST 
sites. Key considerations include the following: 

1. Nature of Release. These studies provide information 
on plume conditions associated with gasoline fuel 
releases from UST systems, principally retail fuel 
marketing facilities. Plumes associated with other 
potential sources of release (pipelines, refineries, tank 
farms, truck spills, etc.) or materials (diesel fuel, bulk 
additives, etc.) were not included in these databases. 

2. Survey of Multiple Site Locations. Each of the studies 
provides quantitative data on multiple benzene, MTBE, 
and/or TBA plumes. Individual studies on plume 
lengths include 22 to 289 sites per study. Studies on 
plume stability conditions include 34 to 271 sites per 
study, with one study addressing the overall plume 
concentration trends observed at over 4000 UST sites 
in California (McHugh et al. 2013). 

3. Duration of Groundwater Monitoring Hist01y. A num
ber of the studies selected sites with longer-term 
monitoring periods so as establish plume trends with 
less uncertainty associated with seasonal fluctuations, 
sampling variability, and attenuation rates for com
pounds, such as MTBE, which have been observed 
to require longer acclimation periods for biodegrada
tion. For those studies that specified minimum monitor
ing periods, the minimum monitoring periods required 
exceeded one year in duration, with most of the studies 
requiring three or more years. 

4. Number of Groundwater Monitoring Points. For most 
of the studies reviewed, plume characterization was 
based upon a minimum number of three to eight 
monitoring points per site to define the plume length or 
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Table 1 
Summary of Studies on Plume Length and Plume Stability Conditions Based upon Data from Multiple UST Sites 

No. of Sites 
Plume Stability Condition Evaluated? 

Meeting Minimum Minimum Specifications Plume Length M,Bin 
Study State Specifications for Evaluation Sites Reported? Same Wells? Length Versus Time GW Cone. Trend : 

I. Rice et al. (1995) CA 271 8 events; 6 wells B (271 sites) - B (271 sites) B (271 sites) 
2. Buscheck et al. ( 1996) CA 119 NR BTEX/Benzene (62 - - BTEX (119 sites) 

sites) 1 

3. Mace et al. (1997) TX 227 6 wells B (217 sites)2 - B (217 sites) B (227 sites) 
4. Happel et al. ( 1998) CA 63 I sampling event; 8 wells M (50 sites), B (50 Yes (43 sites) - -

sites)3 

5. Mace and Choi (1998) TX 289 Three events (1995-1997) M (89 sitcs4 ), B (289 - M, B (20 sites)s M (471 wells) 
sites) 

6. Reid el al. ( 1999), Reisinger FL 55 3 years; Minimum 3 wells M (55 sites), B (54 sites) Yes M (45 sites) -
ct al. (2000) with detections MTBE 

7. Shorr and Rifai (2002), Rifai TX 36 3 years; Minimum 6 wells; M (36 sites), B (36 sites) Yes M (36 sites), B (36 sites) M (I 074 wells), B (1206 
et al. (2003), Rifai and Rixey Minimum 3 years MTBE wells)6 

(2004) data 
8. Wilson (2003) SC 212 NR M (212 sites), BTEX Yes - -

(212 sites) 
9. Shih et al. (2004) CA 96 I year; sufficient wells; M (96 sites), B (95 Yes M (96 sites), B (94 -

proper lab QA/QC sites), TBA (86 sites) sites), TBA (86 sites)7 

I 0. Stevens et al. (2006) · CT 22 4 years; active UST; no - - - M (83 wells) 
NAPL; consistent 
monitoring program; no 
active remediation 

11. Tarr and Galonski (2007) NH 25 M detections - - - M (78 wells) 
12. Karnath et al. (2012) CA, NJ, AK, 48 Min. 6 wells M (35 sites), B (34 Yes, including TBA M (41 sites), B (42 M (42 sites, 306 wells), 

OR,NY sites), TBA (22 sites) sites), TBA (34 sites) B (43 sites, 288 wells), 
TBA (34 sites, 241 
wells) 

13. McHugh et al. (2013) CA >4000 2001 to 2011 - - - M (4190 sites) B (4404 
sites), TBA (3675 
sites) 

Total - - - M (573 sites), B (1320 474 sites M (238 sites), B (680 -
sites), TBA (108 sites) sites), TBA (120 sites) 

M =Methyl tcrt·butyl ether (MTBE); B =Benzene; BTEX =Benzene. toluene, cthylbcnzcnc. •md xylcncs; TBA= lcrt-hutyl t1lcohol; NR =not rcpor1cd; - =not armlyzcd; NAPL = 11nnnt1ucous phase liquid; QNQC = qunlily assurnncc/qunlity contrnl; UST= underground storngc tank. 
I Buse heck ct nl. ( J 996) reported the percentage of sites with BTEX plume lengths less than 50 feet. between 50 and 100 feel. bc1ween I 00 and 200 feet, nml grcmcr thnn 200 feet. The terms BTEX and benzene appear to he used intcrclmngeably within this s1udy. 
2Mace and Choi (1998) also presented benzene plume length data, and these dnta were used to compnre with MTBE; Mace ct al. (1997) benzene plume lcnglh results arc not presented in this paper 10 prevent double-counting the .snme dataset. 
3 Benzene plume lengths were cs1ima1cd based on a 1-µg/L eorllour limit. inconsistent with the olher studies, and lhcrefore could not he used for weighted mem1 cnlculations in our paper. 

4Macc and Choi (1998) estim:ued plume Jcnglhs at 99 sites, but 10 of1hese sites hnd plume Jenglhs ofOfeet. 
5 Mace and Choi ( 1998) estinmted plume behavior (i.e., plume stability) over time al 20 sites based on plume lengths measured at three different events bUI did not present lhc foll results or their analysis. and their incomplete results arc not analy1.cd in this paper. 
6Slmrr m1d Rif'rti (2002) only prcscnlcd the numhcr of wells with nenr zero or tlecreusing trends. nnd 1hcir plume slnhility resulls nrc nnl nggrcgntc<l in lhis pnper hccnusc rcln1ivc pcrce111nges of wells in cnch lrcnd category were nol specified, 
1 Shih ct al. (2004) nggregaled the plume length dntnsct before s1a1istic:.tl analysis of plume stubilily and concluded tlmt while the plume length decreased for MTBC and increased ror benzene and TBA. these resulls were nol slatislicnlly significant at a 95% confidence il~lcrval. 
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stability condition, with most of these studies requiring 
six or more monitoring points. The actual number of 
monitoring wells employed at most sites exceeded this 
minimum specification, with reported average numbers 
of monitoring points ranging from approximately 4 to 
17 per site. 

Methodologies for Characterization of Plume Length 
The studies reviewed for this paper evaluated plume 

length based upon a site-by-site evaluation of groundwater 
monitoring data. Plume lengths were determined based 
upon measured site data by either of two methods: (1) 
hand-contouring of the measured concentrations on a 
scaled map of the sampling locations to the designated 
concentration limit, or (2) using an empirical or analytical 
method to estimate the plume length when the existing 
monitoring well network did not extend downgradient to 
the specified plume delineation limit. We refer the reader 
to the individual studies for method particulars. 

The prior studies have employed a variety of 
concentration limits for the purpose of delineating plume 
length. In our review, based upon consideration of the 
action levels employed under many state regulatory 
programs in the United States, we have focused on MTBE 
and benzene plumes that have been delineated to a 5 or 
10 µg/L (micrograms per liter) concentration limit. For 
benzene, many state agencies employ a 5 µg/L action 
level (corresponding to the Federal Primary Maximum 
Contaminant Level [MCL] for benzene in drinking water) 
for remediation of groundwater that is considered a 
potential drinking water source. MTBE action levels 
are generally higher and more variable among state 
agencies, with levels as low as 5 µg/L applied in California 
(Secondary MCL for MTBE; CDPH 2006). Evaluation 
of the plumes delineated to concentration limits of 5 or 
10 µg/L provides a conservative basis for characterization 
of plumes subject to remedial action, as a number of 
states employ less stringent groundwater cleanup criteria, 
particularly for MTBE. TBA plumes were evaluated at 
a 10 µg/L (Shih et al. 2004) and 12 µg/L (Karnath et al. 
2012) limit, consistent with California's drinking water 
notification level of 12 µg/L. Although these contour 
limits were not identical, the two datasets were combined 
in this study at an assumed level of 10 µg/L to increase 
the number of TBA sites, which have been evaluated in 
far fewer studies than either benzene or MTBE. 

Methodologies for Classification of Plume Stability 
Conditions 

As defined in prior publications (Rice et al. 1995; 
Newell and Connor 1998; ASTM 2010), the stability 
condition of an affected groundwater plume can be 
characterized according to the following stages (Figure 1): 

1. Expanding Plume: The plume length and/or concen
trations are increasing over time. Commonly observed 
immediately after the spill material reaches the ground
water and the dissolved chemicals are transported by 
moving groundwater. 
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2. Stable/No Trend Plume: The plume length and/or 
concentrations are not changing over time, indicating 
that the rate at which the dissolved chemical mass 
is entering the groundwater is balanced by natural 
attenuation mechanisms, such as dilution, dispersion, 
sorption, and biodegradation. "Stable" and "No Trend" 
were considered equivalent designations in a number of 
the studies. For those papers that distinguished between 
stable and no trend plumes, both designations indicate 
the plume concentration to be neither decreasing 
nor increasing with time; however, the "No Trend" 
designation entails a higher amplitude of variation 
(i.e., higher coefficient of variation) than the "Stable" 
designation. 

3. Shrinking Plume: The plume length and/or concentra
tions are diminishing over time, indicating that the rate 
of mass release from the source area has reduced to the 
extent that the attenuation factors remove and disperse 
mass faster than it is entering the groundwater system. 

4. Non-Detect or Exhausted Plume: In some cases, the 
affected groundwater zone may diminish to non
detectable levels in the groundwater, while at other 
sites, the process may slow or terminate in an 
"exhausted" condition, with trace concentrations of 
gasoline components remaining near the original 
source location. 

At a given site, measurements can be conducted to 
determine if a plume is in an expanding, stable, shrinking, 
or exhausted condition (ASTM 2010). The plume stability 
condition can be characterized either on the trend of 
the plume length over time or the trend of plume 
concentrations over time in individual monitoring wells. 

In the various studies identified on Table 1, the stabil
ity of the plume length over time was determined either 
by: (1) evaluating plume contour maps at different times 
to determine changes in the length of the plume, or (2) 
conducting statistical trend analyses on the concentra
tions measured at monitoring wells, typically located at 
the downgradient toe of the plume. For the purpose of 
analysis of plume concentration trends over time, various 
visual and statistical methods were employed to catego
rize tr~nds as increasing, decreasing, or stable; we refer 
the reader to the individual studies for method particulars. 
While the reports used a variety of methods to character
ize plume stability, the similarity of their results points 
to the consistency of MTBE, benzene, and TBA plume 
behavior across the various published studies and supports 
aggregating these results, as done in our study. 

Statistical Review of Published Studies 
To facilitate comparison of the typical lengths of 

MTBE, benzene, and TBA plumes at UST sites, overall 
median and 90th percentile plume lengths have been 
estimated as the weighted mean of the median and 
90th percentile values reported in the individual studies. 
This calculation is based upon the understanding that, 
for sufficiently large datasets, order statistics, such as 
the median and 90th percentile values, are normally 

NGWA.org 
020839



&r3lf{3f~Y~i?£8f8~5J°8Wl~~~~ Mi~:~~he 
GWFLOW 

~~-------------------~~ -------------------
GWFLOW 

Figure 1. Schematic of groundwater plume stages at a typical UST site following termination of a spill or leak. 

distributed, even if the underlying populations are not 
normally distributed. A weighted mean, based on the 
number of samples, has been employed to reduce the 
influence of smaller sample populations, which may 
exhibit greater variability in order statistics than larger 
sample populations. In other words, studies with more 
sites were weighted more heavily than studies with 
fewer sites. Similarly, the weighted mean approach was 
utilized to combine the results of the plume stability and 
concentration trend analyses. 

The McHugh et al. (2013) study considered over 
4000 UST sites to evaluate the overall trends of the 
maximum concentrations of MTBE, TBA, and benzene in 
groundwater over time. They did not address site-specific 
plume length or stability conditions, but provided impor
tant information regarding the net change in chemical 
concentrations over time in groundwater across these 
sites. Given the large number of sites they evaluated 
compared to the other published studies we reviewed, 
these results were not combined into the concentration 
trend summary statistics because they would overwhelm 
the weighted mean calculations; however, the results of 
McHugh et al. (2013) are compared with the summary 
statistics in this paper. 

Limitations of These Studies 
The authors of the various studies have identified 

possible limitations in their databases and, when feasible, 
have employed steps to mitigate the effects of these 
limitations on their findings. For example, a number of 
the studies note that, at many UST sites, the affected 
groundwater plumes are not fully delineated due to 
access restrictions or other limitations on the number and 
placement of groundwater sampling points. In addition, 
some authors note that, if the plume stability condition is 
not considered, comparison of older, stable plume lengths 
to younger, expanding plumes could be misleading, as 
the expanding plumes will not have achieved full length. 
Some authors also suggest that differences in MTBE and 
benzene plume lengths could reflect the effect of variable 
site conditions if the MTBE and benzene plumes are from 
different sites with distinctly different distributions of key 
attenuation parameters. 
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These limitations have been addressed by the authors 
of the 13 plume studies in a variety of manners. In 
some studies, plume lengths have been evaluated only 
for plumes with full delineation, based on a specified 
minimum number of monitoring points. In other studies, 
the maximum downgradient extent of the plume has 
been estimated based upon extrapolation of measured 
monitoring points, using the method described by Freeze 
and Cherry (1979) or Newell et al. (2002). Karnath et al. 
(2012) found this plume length estimation method to 
provide a reasonably conservative match to measured 
plume lengths on sites where both measurement and 
estimation methods were applied. Furthermore, six of the 
IO studies that evaluate plume length compare benzene 
and MTBE plumes lengths from the same sites under the 
same hydrogeologic conditions. 

In addition, 11 of the 13 studies have addressed 
the stability condition of the plumes, providing a basis 
for determining whether variations in plume age and 
associated stability condition (e.g., young expanding 
plume vs. older shrinking plume) could account for 
observed differences in the lengths of MTBE and benzene 
plumes. The vast majority of both benzene and MTBE 
plumes were found to be in a nonexpanding condition, 
showing that the concern of young versus old plumes is 
not a factor for plume length. The McHugh et al. (2013) 
study relied upon the maximum annual concentration of 
each plume constituent as a conservative basis to track 
plume concentration trends over time, based upon the 
consideration that the maximum concentration is likely 
near the source and therefore Jess likely to be affected 
by the extent of plume delineation or the change in the 
number of monitoring wells over time. 

Findings of Previous Studies 

Evaluation of Plume Lengths: MTBE, Benzene, and TBA 

Statistical Distribution of MTBE, Benzene, and TBA Plume 
Lengths 

As identified in Table 1, 10 of the 13 published studies 
address benzene and MTBE plume lengths, providing data 
on a total of 391 and 132 sites for MTBE plumes at 10 
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and 5 µg/L delineation limits, respectively, and 826 and 
165 sites for benzene plumes at 10 and 5 µg/L delineation 
limits, respectively. Two published studies also estimated 
plume lengths for TBA at a total of 108 sites (see Table 
S 1 for tabulated values). Figure 2A and 2B provides side
by-side comparisons of the reported lengths of benzene 
and MTBE plumes from each of the 13 studies that 
evaluated plumes at a 5 and 10 µg/L plume delineation 
limit. Figure 3A and 3B summarize the weighted mean 
plume dimensions for MTBE, benzene, and TBA at 
delineation limits of 10 and 5 µg/L, respectively. 

Consistency of MTBE and Benzene Plume Lengths Among 
Various Studies 

The distributions of plume lengths shown in Figure 2 
are relatively consistent among studies conducted in a 
variety of regions in the United States. For example, 
for plumes delineated to a 10 µg/L concentration limit 
(see Figure 2A), the median lengths of benzene plumes 
(826 sites) fall within the range of 101 to 185 feet, 
while the median lengths of MTBE plumes (391 sites) 
fall within a slightly nan-ower range of 110 to 178 feet 
(Table Sl). Similarly, at this same delineation limit, the 
90th percentile plume lengths range from 386 to 454 feet 
for MTBE (336 sites) and 261 to 480 feet for benzene 
(772 sites; Table S 1 ). 

The relatively narrow range of these plume length 
statistics across hundreds of UST sites suggests that plume 
lengths are consistent across a broad range of hydro
geologic settings and conditions. This observation is in 
agreement with prior studies that have found factors such 
as groundwater hydraulic conductivity and site lithology 
to be poor predictors of plume length among large num
bers of plumes (Reid et al. 1999; Mace et al. 1997; Newell 
and Connor 1998; Shorr and Rifai 2002; Wilson 2003). 

Comparable Lengths of MTBE and Benzene Plumes 

The lengths of the benzene and MTBE plumes 
reported in the various studies are relatively comparable at 
both the median and 90th percentile levels, as illustrated 
by the weighted means of plume length statistics shown 
in Figure 3. The 90th percentile statistic is of particular 
interest in this regard as it incorporates the vast majority 
(90%) of gasoline plumes for which these data have 
been compiled. At a 10 µg/L delineation limit, the 90th 
percentile MTBE and benzene plume lengths are 400 feet 
(336 sites) and 345 feet (772 sites), respectively, showing 
MTBE plume lengths to be only 16% greater than those 
of benzene plumes (Figure 3A; Table S 1 ). 

At a delineation limit of 5 µg/L, the MTBE and 
benzene plume lengths are still found to be comparable, 
although with a moderately more pronounced difference; 
the 90th percentile MTBE (only evaluated in the Shih 
et al. 2004 study) and benzene plume lengths are 530 feet 
(96 sites) and 425 feet (165 sites), respectively, showing 
MTBE plumes to be 25% longer than benzene plumes 
(Figure 3B; Table Sl). In general, the benzene plume 
lengths reported in the various studies are consistent with 
the study by Buscheck et al. (1996) that evaluated 62 
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UST sites in California and found that 85% of benzene 
plumes were less than 200 feet long. The Buscheck et al. 
(1996) study presented a range of plume lengths rather 
than a statistical distribution and thus could not be directly 
included in our statistical summary. 

In absolute terms, the difference in these MTBE 
and benzene plume lengths ranges from only 55 to 
105 feet (for 90th percentile plume lengths at the 10 
and 5 µg/L delineation limits, respectively). The similar 
plume behavior of benzene and MBTE may reflect their 
biodegradation characteristics, as both compounds are 
biodegraded in aerobic groundwater and in most anaerobic 
geochemical settings. 

Exceptionally Long Plumes 

The maximum MTBE plume lengths identified in the 
studies addressed in this review paper generally fall in 
the range of 1000 to 1700 feet (see Figure 2). However, 
other publications have reported longer MTBE plumes 
(e.g., greater than 2000 feet) at individual UST sites 
(Weaver et al. 1996, 1999; ESTCP 2003; Thuma et al. 
2001; McKelvie et al. 2007b). Consequently, while it is 
recognized that such exceptionally long MTBE plumes 
do exist, the small number of such plumes is consistent 
with the statistical distribution observed in the 13 studies, 
where MTBE plumes greater than 1400 feet in length 
correspond to less than 1 % of the plume population. 
Incorporation of this small number of exceptionally Jong 
MTBE plumes into the data sets addressed in our review 
would not affect the weighted means of the median and 
90th percentile plume lengths presented on Figure 3. 

Lengths of TBA Plumes Compared to MTBE and Benzene 
Plumes 

Two studies addressed the behavior of TBA plumes in 
addition to benzene and MTBE (Karnath et al. 2012; Shih 
et al. 2004) for a total of 108 sites. The weighted mean 
results from these studies (Figure 3A) indicate that the 
90th percentile TBA plume length ( 420 feet at 10 µg/L; 
Table Sl) is 5% greater than the 90th percentile MTBE 
plume determined from these and other studies. Similarly, 
the median TBA plume from the two studies at 10 µg/L 
is 15% longer than the median MTBE plume determined 
from a larger number of studies. However, the two studies 
that addressed TBA (Shih et al. 2004; Karnath et al. 2012) 
found TBA plume lengths to be comparable to benzene 
and MTBE plume lengths, with TBA plume lengths 
falling in between benzene and MTBE plume lengths. 
Shih et al. (2004) calculated 90th percentile values of 
the benzene, MTBE, and TBA plume lengths to be 
341, 531, and 433 feet, respectively. Karnath et al. (2012) 
calculated the 90th percentile values of the measured and 
estimated plume lengths for benzene, MTBE, and TBA 
to be 356, 454, and 366 feet, respectively. Taken together, 
the aggregated results and individual studies suggest that 
TBA plume lengths are similar to MTBE and benzene 
plumes. 
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Figure 2. Summary of surveys of plume lengths in groundwater: MTBE versus benzene. 

Evaluation of Plume Stability Conditions: MTBE, 
Benzene, and TBA 

Stability Condition of Plume Lengths Over Time 

Five studies have evaluated the stability of plume 
length over time for a combined 122 sites for MTBE 
plumes, 566 sites for benzene plumes, and 34 sites for 
TBA plumes (Reid et al. 1999; Reisinger et al. 2000; 
Karnath et al. 2012; Shorr and Rifai 2002; Rice et al. 
1995; Mace et al. 1997). For each stability category, we 
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have computed a weighted mean of the percentage of sites 
falling into that category. Table S2 reports these weighted 
mean values, as well as the values reported in each study, 
rounded to the nearest whole number for consistency. 

Figure 4 compares the combined plume length trend 
distributions for MTBE, benzene, and TBA. These studies 
consistently found that the vast majority of both MTBE 
and benzene plume lengths are not increasing in length 
over time. For MTBE plumes, the percent of plume 
lengths found to be stable, no trend, decreasing, or 

J.A. Connor et al. Groundwater 53, no. 2: 195-206 201 

020842



.~ 

MEDIAN 
PLUME 
LE,NGTHS 

90th-
PERCENTILE 
PLUME 
LENGTHS 

MEDIAN 
PLUME 
LENGTHS 

90th
PERCENTILE 
PLUME 
LENGTHS 

826 sites 

108 sites 

336 sites 

772 sites 

108 sites 

96 sites 

165 sites 

Figure 3. Weighted means of median lengths and 90th percentile lengths of MTBE, TBA, and benzene plumes. (A) Weighted 
means of plume lengths defined by 10 µg/L concentration limit. (B) Weighted means of plume lengths defined by 5 µg/L 
concentration limit. Lengths are estimated as the weighted mean of median and 90th percentile plume length values reported 
in various scientific surveys, rounded to the nearest 5 feet, for plumes delineated to a 10 µg/L concentration limit and 5 µg/L 
concentration limit. Data have been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites 
across the nation (see Table Sl for studies used to compile these summary lengths). 

exhausted ranges from 90 to 96% among three studies, 
with the weighted mean percentage of plumes that 
are nonincreasing equal to 93%. Similarly, for benzene 
plumes, among four studies, the percent of plume lengths 
found to be stable, no trend, decreasing, or exhausted 
ranges from 92 to 97%, with the weighted mean 
percentage of plumes found to be nonincreasing equal to 
94%. The overall percentages of plume lengths observed 
to be increasing over time is 6% for both MTBE plumes 
and benzene plumes. 

The study by Karnath et al. (2012) specifically 
addressed the presence of detached MTBE plumes, that is, 
displacement of the plume mass downgradient from the 
original source point. They found this condition to occur 
at only 5% of MTBE sites (2 of 41 sites). Furthermore, 
these detached plumes were observed to be decreasing in 
area over time (Karnath et al. 2012). For the purposes of 
our analysis, the detached plumes were not considered as 
either increasing or nonincreasing. 

Figure 4 also displays the trend distributions for 
TBA, as determined by Karnath et al. (2012). These data 
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show that the majority of TBA plumes (68%) are stable 
or shrinking in length, while 26% are increasing. The 
percentage of nonincreasing plumes for TBA is lower than 
for benzene and MTBE (94 and 93%, respectively, are 
not increasing in length), which may reflect the temporary 
build-up of TBA concentrations in groundwater following 
biodegradation of MTBE (Karnath et al. 2012). 

Concentration Trends in Individual Monitoring Wells Over 
Time 

Seven studies have evaluated concentration trends 
of benzene and MTBE in individual wells over time 
(Mace and Choi 1998; Stevens et al. 2006; Tarr and 
Galonski 2007; Karnath et al. 2012; Buscheck et al. 1996; 
Rice et al. 1995; Mace et al. 1997), for a combined 938 
wells for MTBE and 905 wells for benzene. Karnath 
et al. (2012) evaluated TBA concentration trends over 
time in 241 wells. Figure 5 shows the concentration 
trend distributions for MTBE, benzene, and TBA, with 
the percentage of plumes falling into each stability 
category calculated as weighted means among the seven 
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Figure 4. Comparison of plume length stability conditions for MTBE, benzene, and TBA plumes at UST sites. Data have 
been compiled for MTBE, benzene, and TBA plumes in groundwater underlying UST sites across the nation (see Table S2 
for studies used to compile these stability percentages). 

studies (see Table S3 for detailed data). In addition to 
these studies, McHugh et al. (2013) evaluated overall 
plume concentration trends for MTBE, benzene, and 
TBA for over 4000 sites in California. The McHugh 
study addressed the net change in the maximum plume 
concentrations at each site but did not characterize the 
plume stability condition per se in the same manner as the 
other studies; consequently, the weighted means shown 
on Figure 5 do not include the McHugh el al. (2013) 
results. 

Figure 5 compares the combined distributions of well 
concentration trends for MTBE (938 wells), benzene (905 
wells), and TBA (241 wells). As shown, MTBE and 
benzene again exhibit similar distributions, with the vast 
majority of wells showing nonincreasing concentrations 
over time for both MTBE (91 % ) and benzene (92% ). 
However, unlike the plume length distribution, a higher 
percentage of wells exhibit decreasing concentrations for 
benzene (63%) than for MTBE (45%). Nevertheless, 
the combined percentage of stable, decreasing, or no 
trend wells is again comparable for the two compounds, 
co!Tesponding to 80% of wells for MTBE and 84% of 
wells for benzene. 

Evaluation of TBA concentration trends by Karnath 
et al. (2012) found stability condition distributions to be 
roughly comparable to those of benzene and MTBE, with 
86% of the wells demonstrating nonincreasing trends. The 
moderately higher percentage of wells with increasing 
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TBA concentration trends (14%, compared to 9% and 
8% for MTBE and benzene, respectively) may reflect 
the production of TBA as a by-product of MTBE 
biodegradation, resulting in temporary replenishment of 
TBA concentrations until the MTBE source is depleted. 
Under this scenario, TBA concentrations in turn decrease 
as the MTBE source mass diminishes and the TBA itself 
is biodegraded. 

Two studies specifically addressed MTBE plume 
conditions before and after the end of MTBE use as a 
gasoline additive in Connecticut (Stevens et al. 2006) and 
New Hampshire (TaIT and Galonski 2007). In both studies, 
in the 2 years following termination of MTBE use, the 
percentage of monitoring wells displaying a decreasing 
MTBE concentration trend was observed to increase. In 
Connecticut, Stevens et al. (2006) found that 93% of 
the 83 monitoring wells evaluated showed decreasing 
concentrations of MTBE 2 years after termination of 
MTBE use. By pooling the monitoring wells across 22 
sites, they also determined that 55% of the sites showed a 
statistically significant decrease in MTBE concentrations 
between pre- and post-ban data (90th confidence level); 
only 5% (1 site) showed a statistically significant increase 
in MTBE concentrations. A similar study of 78 wells 
in New Hampshire (Tarr and Galonski 2007) reported 
that, after termination of MTBE use, 85% of monitoring 
wells exhibited decreasing concentrations, compared to 
decreasing concentrations at 68% of monitoring wells 
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Figure S. Comparison of concentration versus time trends for MTBE, benzene, and TBA in monitoring wells at UST sites. 
Data have been compiled for MTBE, benzene, and TBA concentration trends in groundwater underlying UST sites across 
the nation (see Table S3 for studies used to compile these concentration trends). 

prior to the termination of MTBE use in gasoline. 
These studies demonstrated the decrease in MTBE 
concentrations with time following termination of MTBE 
use in these states. 

McHugh et al. (2013) compiled data from over 
4000 UST sites from the California GeoTracker database 
to evaluate the overall trends of benzene, MTBE, 
and TBA concentrations in groundwater over time. 
These monitoring data showed a large decrease in the 
groundwater concentrations of gasoline constituents over 
the period of 2001 to 2011 (85% decrease for benzene, 
96% for MTBE, and 87% for TBA), measured as the 
change in the median of the maximum site concentrations 
over time. In addition, records of the sites for which 
continuous monitoring records were available for the full 
10-year period (benzene: 1128 sites; MTBE: 1109 sites, 
TBA: 816 sites) showed benzene and MTBE levels to 
decrease continuously over this time period, while the 
maximum concentrations of TBA increased moderately 
over the period of 2001 to 2004 and then decreased 
from 2005 to 2011. The study found that the temporary 
build-up and subsequent decrease of TBA concentrations 
could be closely matched by a sequential first-order 
degradation model, which accounted for the generation 
of TBA as a product of MTBE degradation, followed 
by the biodegradation of the TBA itself (McHugh et al. 
2013). 
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Conclusions 
In this paper, we have combined the results of 13 

previously published studies that surveyed the length and 
stability condition of affected groundwater plumes associ
ated with releases of gasoline fuels from USTs at numer
ous service station facilities. These studies combined have 
addressed over 500 plumes for MTBE, over 1300 plumes 
for benzene, and 108 plumes for TBA, plus evalua
tion of concentration trends of all three gasoline con
stituents over a 10-year period for over 4000 UST sites in 
California. Employing a variety of approaches, these stud
ies arrive at similar findings with regard to plume length 
and stability, which suggests that, in combination, these 
data and the related statistical parameters presented in this 
review paper provide a reliable characterization of ben
zene, MTBA, and TBA plume behavior at the majority of 
UST sites across the United States. Key findings regard
ing the statistical distribution of plume lengths and plume 
stability conditions at UST sites include the following: 

I. Comparison of MTBE and Benzene Plumes. The plume 
delineation studies show MTBE and benzene plumes to 
be of comparable length at most sites. For example, at 
a 10 µg/L delineation limit, the 90th percentile MTBE 
and benzene plume lengths are 400 feet (336 sites) and 
345 feet (772 sites), respectively, a relative difference 
of 16%. Similarly, at a 5 µg/L delineation limit, the 
90th percentile MTBE and benzene plume lengths are 
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530 feet (96 sites) and 425 feet (165 sites), respectively, 
a relative difference of 25%, although these values 
should be considered tentative due to smaller numbers 
of wells and only one study for MTBE. The vast 
majority of wells for both MTBE (91 %) and benzene 
(92%) exhibit nonincreasing concentrations over time 
(i.e., stable, no trend, decreasing, or exhausted), and 
plume lengths also are predominantly nonincreasing 
over time for MTBE (93%) and benzene (94%). 
Consequently, reported plume lengths for benzene and 
MTBE are likely indicative of their maximum future 
lengths, as the plumes are generally not increasing in 
size and concentration. 

2. TBA Plumes Compared to MTBE and Benzene Plumes. 
TBA plumes have been found to be of comparable 
length to benzene and MTBE plumes, with the majority 
of TBA plumes also nonexpanding (68%), although 
at a lower percentage than observed for MTBE or 
benzene plumes (Karnath et al. 2012). At over 4000 
sites evaluated, TBA concentration trends over time 
showed an initial increase, followed by a decreasing 
concentration at rates comparable to those observed 
for MTBE and benzene (McHugh et al. 2013). 

3. Consistency Among Various Studies: The various 
plume studies, conducted in different geographic 
regions and in a variety of hydrogeologic regimes, 
have found plume length statistics to fall into a rel
atively narrow range, suggesting that hydrogeologic 
conditions may be less important than other factors 
(such as the spill volume and biodegradation effects) 
in defining plume behavior, as has been observed in 
these and other studies (Reid et al. 1999; Mace et al. 
1997; Newell and Connor 1998; Shorr and Rifai 2002; 
Wilson 2003). Rather, the similar biodegradation char
acteristics of MTBE and benzene, both of which are 
degradable in aerobic and most anaerobic geochem
ical settings, may be responsible for the comparable 
dimensions and stability conditions of these plumes. 

Supporting Information 
Additional Supporting Information may be found in the 
online version of this article: 

Appendix 81. Review of Quantitative Surveys of the 
Length and Stability of MTBE, TBA, and Benzene Plumes 
in Groundwater at UST Sites. 
Table Sl. Statistical plume length data from the literature 
for MTBE, benzene, and TBA 
Table 82. Plume stability results for MTBE, benzene, and 
TBA 
Table 83. Concentration trend results for MTBE, benzene, 
and TBA 
Table 84. Results from Stevens et al. (2006) analysis 
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EXECUTIVE SUMMARY 

RESULTS FROM FOUR STUDIES 

C.J. Newell and J.A. Connor, Groundwater Services, Inc. 
AP/ Soil I Groundwater 
Technical Task Force 

Recent studies of over 600 groundwater contamination sites throughout the U.S. provide important information regarding the fate 
and transport of petroleum hydrocarbons in the subsurface. This API research summary examines the findings of four independent 
research studies and addresses several key technical issues regarding the assessment and remediation of BTEX (benzene, toluene, 
ethylbenzene. xylene) plumes. On-going research regarding MTBE plume characteristics will be addressed in a future bulletin as 
data become available. 

Key Finding: Most BTEX groundwater plumes are less than 200 ft in length and are in a STABLE or SHRINKING condition. 

Source Source Source 

~ 
I. EXPANDING II. STABLE Ill. SHRINKING IV. EXHAUSTED 

THE FOUR STUDIES 

This bulletin summarizes information from four separate multi-site plume studies. Each study involved detailed analysis of data 
from a large number of sites (primarily underground storage tank facilities) to identify the key characteristics of groundwater 
contaminant plumes caused by petroleum hydrocarbon releases. Two comprehensive studies (California and Texas) evaluated how 
dissolved petroleum hydrocarbon plumes change over time. 

In all four studies, detailed technical information regarding groundwater flow parameters and plume characteristics for each site 
were compiled from technical reports or questionnaires completed by site hydrogeologists or engineers. In combination, the four 
studies define the typical features of a dissolved hydrocarbon plume based on a cumulative database of 604 sites. 

This API bulletin reviews the general methodology and principal conclusions of each study and uses these findings to answer 
several important questions related to the assessment and remediation of groundwater impacts associated with petroleum releases. 

Technical Issues Regarding Dissolved BTEX in Groundwater: 

• Typical plume length 
• Persistence over time 

California Leaking 
Underground Fuel 

• Effect of remediation 
• Key factors in plume length 

Tank (LUFT) Historical Case 
Analysis 
(Rice et al., 1995) 

• plume length • temporal trends 
• impact of remediation 
• drinking water impact 

Extent, Mass, and Duration of 
Hydrocarbon Plumes from Leaking 
Petroleum Storage Tank Sites in Texas 
(Mace et al., 1997) 

• plume length • temporal trends 
• impact of remediation 

• Plume stability condition • Drinking water impacts 
• BTEX vs. other contaminants 
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Hydrogeologic Database for 
Ground-Water Modeling 
(Newell et al., 1990) 

• plume length 
• comparison to other plumes 

Florida RBCA Planning Study 
(Groundwater Services, Inc., 1997) 

• plume length 
• impact of remediation 

~~E~X~H!!IB~IT!!"llimll\ 
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THE FOUR STUDIES (Cont'd) 

California Leaking Underground Fuel Tank (LUFT) Historical Case Analysis 

Rice. D. W .. R.D. Grose, ].C. Michaelsen, B.P. Dooher, D.H. MacQueen, S.]. Cullen, W.E. Kastenberg. L.G. 
Everett, M.A. Marino. CA Environmental Protection Dept.. Nov. 16, 1995. 

iid APPROACH: This study, also referred to as the Lawrence Livermore National Laboratory (LLNL) 
Study, involved compilation and analysis of a detailed electronic database for 271 LOFT sites. 
Groundwater flow gradients and the average length and concentration of benzene plume were 
characterized on the basis of static water level data and groundwater time-series sampling records. 

m KEV RESULTS: Plume lengths "change slowly and stabilize at relatively short distances from the 
FHC (fuel hydrocarbon) release site" (90% of sites 1ess than 255 ft). The median plume length was 101 
ft for one of the two methods of calculation (see the following page). Plume lengths tend to change 
slowly with time. while average plume concentrations decline more rapidly. Hydrogeologic 
parameters (e.g .. hydraulic conductivity. gradient) appear to have little relationship to plume length. 
Finally. "while active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur over time, even without active remediation." 

Extent, Mass, and Duration of Hydrocarbon Plumes from Leaking Petroleum 
Storage Tank Sites in Texas 

Mace, R.E., R.S. Fisher, D.M. Welch, and S.P. Parra. Bureau of Economic Geology. University of Texas at 
Austin, Austin, Texas. Geologic Circular 97-1. 1997. 

::a APPROACH: The Texas Bureau of Economic Geology (BEG) evaluated groundwater impacts from 
fuel hydrocarbon releases at 217 sites in Texas. Grouncfwater plume lengths and concentration trends 
were analyzed in a manner similar to the California study (see Rice et al., above). In addition, 
hydraulic gradient and groundwater flow directions were characterized for various hydrogeologic 
and climatic regions of Texas. 

::2 KEV RESULTS: Most benzene plumes (75%) are less than 250 ft long and have either stabilized or 
are decreasing in length and concentration. The median plume length was 181 ft. Only 14% are 
increasing in concentration. and only 3% are increasing in length. The length of a benzene plume 
cannot be predicted on the basis of either site hydrogeology or previous remediation activities. 
Benzene plume characteristics are not statistically different between sites where groundwater 
remediation activities have or have not been implemented, although the authors state that these 
activities should "logically shorten the time required to decrease plume length and concentration." 

Florida RBCA Planning Study 
Groundwater Services, Inc. Prepared for Florida Partners in RBCA Implementation, Groundwater Services, 
Inc., Houston, Texas. 1997. www.GSI-net.com 

':l APPROACH: The Florida RBCA (Risk-Based Corrective Action) Planning Study involved 
collection and analysis of groundwater data from 117 leaking underground storage tank (LUST) sites 
distributed throughout 33 counties in Florida. Using these data, the report addresses the cost 
significance of various policy decisions related to development of the Florida RBCA regulations. For 
use in this bulletin, the plume maps and detailed site questionnaires compiled for 74 sites were 
reanalyzed to define typical plume properties. 

=~ KEY RESULTS: The median plume length among these Florida LUST sites is 90 ft based on 
available benzene and BTEX data. The shorter plume lengths observed in this database may be related 
to the varying detection limits used for plume delineation. For plumes delineated to a 50 ppb benzene 
limit (51 sites}, median plume length was 90 ft. compared to 120 ft for plumes delineated to l ppb 
benzene (21 sites). In addition, 51 % of the Florida database sites are currently or had previously been 
subject to groundwater remediation efforts. 

A Hydrogeologic Database for Ground-Water Modeling 
Newell, C.]., L.P. Hopkins, and P.B. Bedient. Ground Water, Vol. 28, No. 5, Sept.!Oct. 1990. pp. 703-714. 
API. 1989. Hydrogeologic Data Base for Groundwater Modeling. API Publication No. 4476, Washington, D.C. 

Kl APPROACH: Hydrogeologic and chemical information from 400 site investigations across the U.S. 
was obtained in a national survey of National Ground Water Association members conducted in 1990. 
This 400-site database · (available in spreadsheet form from the API Information Specialist. 
ehs@api.org) includes groundwater plume dimensions for a broad range of groundwater contaminants, 
including 42 service station BTEX sites, 40 non-service station BTEX sites, 78 chlorinated ethene 
sites, 25 non-ethene solvent sites, and 21 inorganic sites. For use in this bulletin, these data were reana
lyzed to define typical plume properties for each chemical class. 

m KEY RESULTS: The 42 service station sites show a median benzene/BTEX plume length of 213 ft. 
This database includes a higher percentage of longer plumes, with six BTEX plume lengths greater 
than 900 ft. On average, however. BTEX plumes are significantly smaller than the other chemical 
classes reported in this study. as discussed later in this Bulfetin. 
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WHAT IS THE LIMIT OF .MIGRAJJION OF DISSOLVED PETROLEUM 
HYDROCARBON PLUMES? . 

COMBINED RESULTS FROM FOUR STUDIES: 
PERCENTAGE OF PLUMES OF DIFFERENT 
LENGTHS (604 SITES) 

~ 
~ 40% 

~ 
30% 

20% 

0% 

INDIVIDUAL STUDY 
RESULTS: 

Maximum Length: 
90th Percentile: 
75th Percentile: 

25th Percentile: 
Minimum Length: 

3020 ft 
319 ft 
203 ft 

80 ft 
8 ft 

• LOCATION OF SITES: 

• Plume constituent(s): 

• Plume Delineation Limit: 

• Types of Sites: 

• Method For Determining 
Plume Length: 

• Sites w/ Soil Vapor Extract. 
• Sites w/ GW Pump & Treat 
• Sites w/ GW Sparging 

(note different #s of sites reported) 

CALIFORNIA 

\11 Sites 
Max 1713 ft 
90th % 255 ft 
75% 146ft 

25th% 66ft 
Min 8ft 

CALIFORNIA 

Benzene 

IOppb 

UST sites with 
affected groundwater. 
No fractured rock 
sites. 

Modeled: Length 
extrapolated from 2-D 
transport models fit to site 
monitoring data Reported 
results for exponential and 
error-function equations 
(summarystatsabovefrom 
error function). 

- Not reported 
- 53 of 208 sites (26 %) 
- Not reported 
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Max 1619 ft 
90th % 382 ft 
75% 250 ft 

ng.~m~11;1111 
25th% 137 ft 
Min 54 ft 

TEXAS 

Benzene 

IOppb 

UST sites with affected 
groundwater. 
Includes limestone 
aquifers. 

Modeled: Length 
extrapolated from 2-D 
GW transport model 
fit to site monitoring 
data. Used exponential 
equation only. 

-105 of 479 (22%) 
-92 of 479 sites (19 %) 
-22 of 479 sites (5 %) 

1>1~ 
tqe 

200 ft l.e,, 
400 ft ~t:t, (i rf:J 

600 ft 

FLORIDA HGDB 

74~ 

Max 600 ft Max 3020 ft 
90th % 211 ft 90th % 945 ft 
75% 158 ft 75% 400 ft 

IM~·UJ~ll!1lll 1~1g.n~u1u111 
25th% 60 ft 25th% 85 ft 
Min 12 ft Min 15 ft 

FLORIDA ENTIRE U.S. 

Benzene.BTEX Mostly benzene. BTEX 
constituents 

1 - 50 ppb Not reported; probably 
analytical detection limit 

UST sites with UST sites at service 
affected groundwater. stations located in 

various hydrogeologic 
settings. 

Measured: Length Reported: Plume 
derived from site lengths reported by site 
plume maps. Data consultants in survey 
analyzed as part of this questionnaires. Data 
bulletin. analyzed as part of this 

bulletin. 

- Not reported - Not reported 
- 32 of74 sites (43 %) - Not reported 
-6 of74 sites (8 %) - Not reported 
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. HOW MANY PETROLEUM PLUMES ARE SHRINKING? STABLE? EXPANDING? 

APPROACH 
Both the California and the Texas studies (Rice et al., 
1995; Mace et al., 1997) analyzed changes over time in 
the length and average concentration of dissolved 
hydrocarbon plumes. For the California study, these 
evaluations were conducted on a subset of sites having 
at least 6 wells and 8 sampling episodes extending over 
multiple years. Typical monitoring records for the 
Texas study ranged from 4 to 7 years as shown in data 
from two typical sites to the right. 

Plume stability trends were determined as follows: 
Plume Length Trend: For each sampling episode, the 
plume length from the source to the 10 ppb 
concentration point was extrapolated using a 2-D 
groundwater transport model calibrated to the site 
monitoring data. Length vs. time was plotted for each 
site to define change over time. 
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Plume Concentration Trend: For each sampling episode, the average benzene concentration in the plume area was estimated using 
Delauney triangulation (Isaaks and Srivastava, 1989), an area-weighted averaging procedure involving subdivision of the plume area 
into triangular segments defined by adjacent wells. Average concentration vs. time was plotted for each site to define change over 
time. 

These methods do not account for plume spreading beyond the area described by the monitoring well array. However, both studies 
found this approach to be sufficiently robust to accurately characterize plume trends over time. 

KEY RESULTS ~ TexasBEG 
~ Study 

Based on the observed trends, the studies grouped the plumes into four categories: fil. . California 
• Expanding: Residual source present. Mass flux of contaminants exceeds assimilative capacity of aquifer. '~ LLNL Study 

• Stable: Insignificant changes. Active or passive remediation processes are controlling plume length. 

• Shrinking: Residual source nearly exhausted, and active or passive remediation processes significantly reducing plume mass. 

• Exhausted: Average plume concentration very low (e.g., 1 ppb) and unchanging over time. Final stages of source zone dissolution 
over a relatively small area at a site. 

As shown in the conceptual plume lifecycle figures below, of the nearly 500 sites addressed by this analysis, nearly 75% were found 
to be in either a stable or shrinking condition, based on analyses of both plume length and concentration. Plume concentrations were 
predominantly shrinking (47 to 59%), whereas lengths were frequently stable (42 to 61%). These results suggest that dissolved 
hydrocarbon plumes tend to reduce more rapidly in concentration than in length. Similar results were observed in a plume study 
performed by Buscheck et al. (1996), where 67% of 119 plumes in northern California were found to be stable/shrinking in length, 
and 91% had stable/diminishing concentrations. 
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HOW LONG WILH.l BtriEX PLlllJMES PERSIST? 

CALIFORNIA & TEXAS STUDIES: 90% Attenuation of Average Concentration of Shrinking Plumes 

For those plumes characterized as 
shrinking (see page 4), both the 
California and Texas studies (Rice et 
al., 1995; Mace et al., 1997) included 
an evaluation of the time required 
for the average plume concentration 
to reduce by 90%. The rates of 
change calculated for each data set 
are shown in the table to the right. 

Time Required for 90% Attenuation in Average Concentration for Shrjnkjng Plumes: 

MEDIAN SITE 
IN CALIFORNIA: 

10th Percentile: 
90th Percentile: 

~ 
1.5 yrs 
7 yrs 

MEDIAN SITE 
INTEXAS: ~ 

10th Percentile: 0. 7 yrs 
90th Percentile: 2. 7 yrs 

Note that, in these analyses, the aver-
age concentration term corresponds to an area-weighted average BTEX concentration derived using the Delauney triangulation 
method for each groundwater sampling episode. Consequently, trends in this concentration term should be representative of the 
total plume mass. Data from the California and Texas studies show that, once a dissolved BTEX plume begins to shrink (a condition 
observed at roughly 50 - 60% of the LUST sites in these studies), the rate of decline in plume mass is relatively rapid. Based on the 
median rate of mass reduction reported in these studies, for a shrinking plume, only 5 to 10 years arc required for the average plume 
BTEX concentration to drop from an initial level of 1 ppm down to 1 ppb. (This assumes a first order decay model applies over three 
orders of magnitude of concentration reduction.) At this point, the plume reaches an exhausted condition, which may represent low 
levels of BTEX persisting in source-area wells for an extended time period thereafter. 

'WHAT IS THE EFFECm OF,REMEDIA";TIION ON B'VEX PLUMES? 

Three of the four studies evaluated the performance of remediation efforts in reducing or controlling petroleum hydrocarbon 
plumes. Based on a review of large site populations, the studies consistently draw a conclusion that runs counter to expectations: 
soil and groundwater remediation efforts did not result in smaller BTEX plumes. 

QUOTES 

CA 

(Rice et. al, 1995) 

(Mace et. al, 1997) 

(GS/, 1997) 

"While active remediation may help reduce plume benzene concentrations, significant 
reductions in benzene concentrations can occur with time, even without active 
remediation." (pg. EX-2) 

"At low concentration sites, pump and treat increases the probability of having a 
negative average benzene concentration trend by roughly a factor of two, while it has 
essentially no impact on probability at high concentration sites." (pg. 13) 

Pump& 
Treat Site? 

-.J 

-.J 

Site Over- p 
Excavated? 

52% 
71% 

-.J 64% 
-.J 80% 

"An analysis of plume length categories shows that none of the remediation treatment 
variables have a significant impact on the relative frequencies of the different 
categories." (pg. 13) 

• 208 SilcS > l ppb •'!I· ronc. 

"The use of active ground-water remediation has not yet resulted in a 
lower median plume length at LPST sites throughout the state where 
corrective action is under way. This does not mean that remediation 
does not improve ground-water conditions at individual sites, but that 
when all LPST sites are reviewed, plume lengths at sites with 
remediation do not appear different from plume lengths at sites 
without remediation." (pg. 34) 

"This probably means that significant spills occur before being detected 
and that most plumes are in place and in equilibrium before active 
remediation takes effect." (pg. 34) 

67 Sites WITH 
Pump & Treat 

117 WITHOUT 
Pump & Treat 

Stable 

35% 

38% 

Shrinking Exhaus. 

61 % 4 % 

52% 10% 

"We found no difference in plume length between different remediation techniques and sites with no remedial action." (pg. 33) 

"Of the 117 sites included in this study, affected soils have been previously removed at 
28 sites. For these 28 sites, the estimated median groundwater source mass is 
approximately 34% lower than the median groundwater source mass where overlying 
soils have not yet been removed. These data suggest that, while the soil removal actions 
have served to reduce groundwater impacts, a significant percentage of the contaminant 
source (66%) remains in place in the saturated, water-bearing unit." (pg. 21) 

" .. soil removal would not significantly affect groundwater remediation requirements." (pg. 21) 
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WHAT ARE THE FACTORS THAT CONTROL BliEX PLUME LENGTH? 

TEXAS AND CALIFORNIA STUDIES 

The California and Texas studies attempted to correlate plume length with various hydrogeologic factors. In both studies, plumes 
were segregated into two subsets (shallow vs. deep) and correlation coefficients were calculated for plume length vs. a range of site 
parameters. Results of these analyses are summarized below. 

The Texas study (Mace et al., 1997) con
cluded that plume length could not be 
predicted by the following variables: 

• Depth to water 
• Hydraulic gradient 
• % Organic Carbon in water-bearing zone 
• Thickness of sweep (smear) zone 
• Hydrogeologic setting (in unconsolidated media) 
• Previous remediation activities (see page 5) 

The authors concluded that "hydrogeologic site charac
teristics and site activities considered in this study do not 
explain the variation in average plume length or plume 
mass and concentration." 

The report identifies other factors, 
such as the amount of spilled fuel 
and natural biodegradation rate, 
as having a greater influence than 
hydrogeology or previous reme
diation activities. 

The California study (Rice et al., 1995) concluded 
that plume length was not correlated to: 

• Groundwater depth 
• Saturated thickness 
• Free product thickness 
• Hydraulic gradient 

• Number of site layers 
• Previous remediation 

activities (see page 5) 

The authors concluded that: "Individual or combinations of 
other hydrogeologic variables have little apparent rela
tionship to plume characteristics. Correlations among a 
variety of hydrogeologic variables and plume length show 
no indications of interaction. Transport indices that in 
theory should affect plume length, such as groundwater 
flow velocity, show no correlation." 

They attributed the lack of correlation to the presence of 
controlling but not measured variables (such as source mass 
and biodegradation rate), scatter in the hydrogeologic data, 
and cyclical change in hydrogeologic variables that causes a 
delayed effect on plume length, and general site complexity 
wherein each site has a unique set of controlling variables. 

These studies suggest that the size of the release is probably one of the key variables that controls plume length. Larger sources (in 
terms of mass. width. and affected soil volume) mean that more dissolved-phase constituents are transferred to groundwater, creating 
longer dissolved phase plumes. 

HOW MUCH GROUND WATER IS AFFECTED BY BTEX PLUMES? 

An upper-range estimate of the total volume of groundwater resources impacted by releases from LUST sites can be obtained using a 
calculation method described in the California study (Rice et al., 1995). In this method, the 95th percentile BTEX plume volume 
observed in the California study (i.e., 0.7 acre ft. or 230,000 gallons) is multiplied by the total number of reported LUST sites to obtain 
a total affected groundwater volume. Dividing this value by the total groundwater basin storage capacity provides an estimate of the 
percentage of resources impacted by LUST sites. Results for both California and the U.S. are provided below. Note that LUST sites 
usually affect shallow water table aquifers not typically used for public supply. 

!II 
BTEXPlume x No.of ....... - Total GW ........ 
Volume (95%) LUST Sites - l!I Resource Volume -

\ 0.7 acre-ft 10,000 7000 acre-ft 1.3 billion acre-ft 0.0005 % 

- 0. 7 acre-ft. 358,000 250,000 acre-ft 614.3 billion acre-ft 0.00004 % 
(U.S. EPA, 1998) (Lehr, 1985) 
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HOW ARE BTEX PLl..JMES DIFFERENT FROM O'THER PLl..JMES? 

The HGDB Study (Newell et al., 1990) provides 
plume length data for a variety of contaminants, 
including BTEX, chlorinated solvents, and brine 
releases. This chart shows plume widths and lengths 
as reported by HGDB respondents. As shown, BTEX 
plumes are much smaller than other types of plumes. 
Likely causes for this difference include: i) the 
smaller source zone area associated with BTEX 
releases from LUST sites, and ii) the more bio
degradable nature of BTEX constituents relative to the 
otlier contaminants. Note that other studies are in 
progress to characterize other types of plumes (e.g., 
Happel el al., 1998; Mace, 1998; Newell et al., 1998). 

*' 
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API Soil & Groundwater Research Publications 

Publ 4668, Delineation and Characterization of the Borden 
MTBE Plume: An Evaluation of Eight Years of Natural 
Attenuation Processes, June 1998 
In 1988, a natural gradient tracer test was performed in the shallow 
sand aquifer at Canada Forces Base (CFB) Borden to investigate the 
fate of a methyl-tertiary-butyl-ether (MTBE) plume introduced into 
the aquifer. Solutions of groundwater mixed with oxygenated 
gasoline were injected below the water table along with chloride 
(Cr), a conservative tracer. The migration of benzene, toluene, 
ethylbenzene, the xylenes (BTEX); MTBE; and er was monitored in 
detail for about 16 months. The mass ofBTEX in the plume 
diminished significantly with time due to intrinsic biodegradation. 
MTBE, however, was not measurably attenuated. In 1995-96, a 
comprehensive groundwater sampling program was undertaken to 
define the mass of MTBE still present in the aquifer. Only about 3 
percent of the initial MTBE mass was found, and it is hypothesized 
that biodegradation played an important role in its attenuation. 
Additional evidence is necessary to confirm this possibility. 
Pages: 88. 

Order Number: 146680, Price: $30.00 

Publ 4657, Effects of Sampling and Analytical Procedures on the 
Measurement of Geochemical Indicators oflntrinsic 
Bioremediation: Laboratory and Field Studies, November 1997 
This study evaluates the effects of various sampling and analytical 
methods of collecting groundwater geochemical data for intrinsic 
bioremediation studies. Sampling and analytical methods were tested 
in the laboratory and in the field. Several groundwater sampling and 
analytical methods may be appropriate for measuring geochemical 
indicators of intrinsic bioremediation. The methods vary in accuracy, 
level of effort, and cost. Pages: 86. 

Order Number: 146570, Price: $30.00 

Publ 4658, Methods for Measuring Indicators oflntrinsic 
Bioremediation: Guidance Manual, November 1997 
This guidance manual is intended to be a resource for practitioners of 
intrinsic bioremediation in allowing selection of sampling and 
analytical methods that meet project-specific and site-specific needs 
in scoping field investigations, provides procedures that will improve 
the representative quality of the collected data, and considers 
potential biases introduced into data through the sampling and 
analytical techniques employed in the site investigation. Pages: 96. 

Order Number: 146580, Price: $35.00 

Publ 4654, Field Studies of BTEX and MTBE Intrinsic 
Bioremediation, October 1997 
A gasoline release field site in the Coastal Plain ofNorth Carolina 
was monitored for more than three years to allow calculation of in 
situ biodegradation rates. Laboratory microcosm experiments were 
performed to further characterize the biodegradation of BTEX and 
MTBE under ambient, in situ conditions. Finally, groundwater 
modeling studies were conducted to facilitate the interpretation of 
field data and to evaluate various approaches for predicting the fate 
and effects of these gasoline constituents in the subsurface. Pages: 244. 

Order Number: 146540, Price: $40.00 

Publ 4627, In Situ and On-Site Biodegradation of Refined and 
Fuel Oils: A Review of Technical Literature 1988-1991, June 1995 
This report reviews more than 200 technical articles published 
between I 988 and 1991 in the area of on-site and in situ 
bioremediation of petroleum hydrocarbons. It focuses specifically 
on current field and laboratory research related to petroleum 
hydrocarbon biodegradation including biodegradation of crude oil 
and solvents. Recent work in fate and transport modeling that can 
be applied to petroleum.hydrocarbon contamination in groundwater 
is also covered. The review is designed to complement an earlier 
(pre-1988) review published by the U.S. Navy. Pages: 146. 

Order Number: !46270, Price: $30.00 

DR 200, Modeling Aerobic Biodegradation of Dissolved 
Hydrocarbons in Groundwater, April 1995 
This report describes a 3-D groundwater transport model that 
accurately characterizes the nature of aerobic biodegradation, i.e., the 
mixing of oxygen and dissolved hydrocarbons at plume edges of 
petroleum spills to the subsurface. The report also demonstrates the 
differences between spreading and mixing phenomena. The 
approaches in this report will be used to develop user-friendly 
biodegradation models which will be helpful in site-specific 
evaluations. The use of such models could lead to shorter and less 
expensive cleanups at some sites. Pages: 76. 

Order Number: !00200, Price: $30.00 

Publ 4593, Transport and Fate ofNon-BTEX Petroleum 
Chemicals in Soils and Groundwater, September 1994 

Order Number: 145930, Price: $40.00 

Publ 4601, Transport and Fate of Dissolved Methanol, MTBE 
and Monoaromatic Hydrocarbons in a Shallow Sand Aquifer, 
April 1994 

Order Number: 146010, Price: $65.00 

Publ 4551, Treatment of Gasoline-Contaminated Groundwater 
Through Surface Application: Laboratory Experiments, July I 994 

Order Number: 145510, Price: $55.00 

Pub I 4552, Treatment of Gasoline-Contaminated Groundwater 
through Surface Application: A Prototype Field Study, July 1994 

Order Number: 145520, Price: $40.00 

Puhl 4415, Literature Survey: Unassisted Natural Mechanisms to 
Reduce Concentrations of Soluble Gasoline Components, 
August 1985 

Order Number: 144150, Price: $25.00 

Publ 4476, Hydrogeologic Data Base for Groundwater Modeling, 
February I 989 

Order Number: 144760, Price: $25.00 

NOTE: Prices are subject to change. 

Copies of these publications are available from APl's Publications Department, (202) 682-8375. 
For more information about the research, contact the Health, Environment, & Safety Information 
Specialist at the American Petroleum Institute by phone (202) 682-8319 or email ehs@apl.org. 
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FORUM 

A Comparison of Benzene and Toluene 
Plume Lengths for Sites Contaminated with 

Regular vs. Ethanol-Amended Gasoline 
by G.ML. Ruiz-Aguilar, K. O'Reilly, and P J.J. Alvarez 

Abstract 
This article describes various statistical analyses of plume-length data to evaluate the hypothesis that the presence of ethanol 

in gasoline may hinder the natural attenuation of hydrocarbon releases. Plume dimensions were determined for gasoline-conta
minated sites to evaluate the effect of ethanol on benzene and toluene plume lengths. Data from 217 sites in Iowa (without ethanol; 
set 1) were compared to data from 29 sites in Kansas that were contaminated by ethanol-amended gasoline (10% ethanol by vol
ume; set 2). The data were log-normally distributed, with mean benzene plume lengths(± standard deviation) of 193 ± 135 feet 
for set l and 263 ± 103 feet for set 2 (36% longer). The median lengths were 156 feet and 263 feet (69% longer), respectively. 
Mean toluene plume lengths were 185 ± 13 l feet for set I and 211 ± 99 feet for set 2 ( 14% longer), and the median lengths were 
158 feet and 219 feet (39% longer), respectively. Thus, ethanol-containing BTEX plumes were significantly longer for benzene 
(p < 0.05), but not for toluene. A Wilcoxon signed rank test showed that toluene plumes were generally shmter than benzene plumes, 
which suggests that toluene was attenuated to a greater extent than benzene. This trend was more pronounced for set 2 (with ethanol), 
which may reflect that benzene attenuation is more sensitive to the depiction of electron acceptors caused by ethanol degradation. 
These results support the hypothesis that the presence of ethanol in gasoline can lead to longer benzene plumes. The importance 
of this effect, however, is probably site-specific, largely depending on the release scenario and the available electron acceptor pool. 

Introduction 
The use of ethanol as a gasoline additive is likely to 

increase in the near future as a substitute for the oxygenate 
MtBE (Powers et al. 200 la, 2001 b). Regulatory renewable fuel 
requirements will also lead to additional ethanol use. There
fore, it is important to understand how ethanol affects the 
fate and transport of hydrocarbons in ground water. Previous 
laboratory studies have shown that the presence of ethanol 
could have undesirable effects on the biodegradation of BTEX 
(i.e., benzene, toluene, ethylbenzene, and ortho-, para-, and 
meta-xylene). Specifically, ethanol is often degraded prefer
entially and contributes to the depletion of nutrients and elec
tron acceptors (e.g., 0 2) that would otherwise be available Lo 
support BTEX biodegradation (Corseuil et al. 1998; da Silva 
and Alvarez 2002; Ruiz-Aguilar et al. 2002). In addition, 
high ethanol concentrations (> 10% ), which could occur initially 
at the source, could also enhance BTEX solubility and decrease 
s01ption-related retardation, enhancing hydrocarbon migration 
(da Silva and Alvarez 2002; Powers et al. 200lb; Rao et al. 
1990). These findings suggest that ethanol may hinder BTEX 
natural attenuation, which could result in longer BTEX plumes 

48 Ground Water Monitoring & Remediation 23, no. 1/ Winter 2003/ pages 48-53 

and a greater risk of exposure. Nevertheless, little is known 
about the magnitude and significance of this potential plume
elongation effect. 

Plume dimensions and stability are important parameters 
to characterize for risk management because they determine 
the area of influence and the potential duration of exposure. 
Several investigators have developed mathematical models for 
predicting the effect of ethanol (added to gasoline at I 0% by 
volume) on BTEX plume length (Table l). These screening 
models predict that ethanol would increase the maximum 
BTEX plume length (i.e., when steady state is reached) by any
where from ~10% to 150%. Whereas these models provide 
valuable insight into the potential ground water impacts of 
ethanol in gasoline, they are based on simplifying and influ
ential assumptions and have not yet been validated with field 
data. Therefore, there is a need for empirical evaluations of the 
effect of ethanol on BTEX plume length. 

This article describes statistical analyses of plume-length 
data to evaluate the general hypothesis that the presence of 
ethanol in gasoline hinders the natural attenuation of hydro
carbons, resulting in longer BTEX plumes com ared to re -

EXHIBIT 
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Table 1 
Modeling Efforts to Assess the Effect of Ethanol on Benzene Plume Length 

Increase in Benzene 
Citation Conceptual Model Plume Length 

Heennann and Powers ( 1996) 2-D transport from a pool of gasoline. 
Focus on cosolvency and interface 
mass transfer. Biodegradation not included. ~ + 10% (for xylene not benzene) 

Malcom Pirnie Inc. ( 1998) Steady-State, 2-D transport from a gasoline pool. 
First-order decay of benzene when CE108<3 mg 1-1. 

First-order decay of ethanol. + 17-34 % 

McNab et al. ( 1999) 3-D aqueous transport. 
Continuous slow release of gasoline (up to 3 gpd) 
to a growing NAPL pool at the water table. 
First-order decay of ethanol and benzene. 
Benzene degradation rate constant defined by 
inverse correlation to BOD cone. at the source. ~+ 100 % 

Molson et al. (2002) 3-D transport from a gasoline source at the water 
table at a residual saturation. 
Aerobic decay with 0 2 as the sole electron acceptor 
quantified by Monad kinetics. 
Microbial growth incorporated. + 10-150 % 

ular-gasoline releases. This article also addresses the likelihood 
that ethanol would hinder the natural attenuation of benzene 
to a greater extent than toluene due to differences in their 
biodegradability under the strictly anaerobic conditions induced 
by ethanol. 

Methodology 

Plume Data 

Two sets of ground water data were collected from about 
600 gasoline-contaminated sites. One of the data sets (set 1) 
was obtained from the Iowa Depru1ment of Natural Resources, 
Underground Storage Tanks Section (IDNR TIER-2 data
base). This database contained no info1mation about the pres
ence of ethanol; thus, the data were screened to exclude sites 
with suspected contamination by ethanol-amended gasoline. 
A review of site investigation reports and telephone surveys 
were conducted for this pmpose. Many of the set 1 sites were 
also discarded because of insufficient data to plot the required 
plume contours (e.g., plumes not bracketed by downgradient 
wells) or because contamination resulted from multiple sources 
(e.g., overlapping plumes). Therefore, only 217 Iowa sites 
(contaminated with regular gasoline) were included in set 1. 
The other data set (set 2) was obtained from the Kansas 
Department of the Environment and Health (KDEH), and 
corresponded to 29 sites contaminated with gasohol (i.e., 
gasoline with 10% ethanol by volume). Site investigation 
reports did not show salient differences between the two data 
sets regarding release and response scenario (e.g., amount 
released, age of spill, or remedial activities). None of these sites 
repo1ted MTBE contamination. In addition, MTBE is unlikely 
to affect BTEX or ethanol degradation in contaminated aquifers 

(da Silva and Alvarez 2002; Deeb et al. 2001; Ruiz-Aguilar et 
al. 2002). Thus, MTBE was not a factor in this study. 

Determination of Plume Lengths 

Benzene and toluene plume lengths were determined by 
contouring data from monitoring wells (which were typically 
separated by about 100 feet), using a computer algorithm 
based on Hardy's multiquadric method for plotting two
dimensional concentration contours (Saunderson 1994). This 
algorithm was incorporated into the Iowa RBCA TIER2 Inter
polation Program version 2.17, which interfaces with the 
IDNR TIER-2 database. This approach eliminated subjectiv
ity associated with drawing the plumes by hand. Selected 
computer-generated plumes were compared to the corre
sponding hand-drawn plumes for validation pmposes. Plume 
lengths were then measured as the longest distance between 
the identified source and the 5 µ g/L contour, which cmTesponds 
to the drinking water standard for benzene. 

Statistical Analyses 

Plume length data were imported into Minitab (version 
13.1, State College, Pennsylvania), which was used to calcu
late population statistics for each data set. These statistics 
included the population mean, standard deviation, median, 
maximum, and minimum. Distribution analyses were per
formed using the Anderson-Darling test for log-normality at 
the 95% significance level (Freedman et al. 1998). A Kmskal
Wallis test was also. performed to determine whether BTEX 
plumes were significantly longer in set 2 (with ethanol) than 
in set I (without ethanol). This nonparametric test, which 
ranks plume lengths from low to high and then analyzes the 
ranks (Lehmann 1975), is very robust to test differences in pop
ulation medians (Johnson and Mizoguchi 1978). Two-sample 
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Figure 1. Cumulative distribution of (a) benzene and (b) toluene 
plume lengths for set 1 (Iowa data, without ethanol) and set 2 
(Kansas data, with ethanol). 

Student's t-tests (Freedman et al. 1998) were also performed 
to determine if average benzene and toluene plume lengths 
were significantly different between the two data sets. Finally, 
a Wilcoxon signed-rank test was performed to test if benzene 
plumes were generally longer than toluene plumes, and to 
determine if this trend was statistically significant. 

Results and Discussion 
Plume length data were log-nonnally distributed (p = 

0.275 for benzene and 0.394 for toluene) according to an 
Anderson-Darling test. The cumulative distribution of the 
plume lengths shows that benzene plumes were generally 
longer for set 2 (with ethanol) than for set l (without ethanol) 
(Figure la). For example, 92% of benzene plumes in set 2 were 
longer than 150 feet, compared to only 74% for set 1. The same 
trend was observed for plumes longer than 250 feet. In this case, 
69% of benzene plumes in set 2 were longer than 250 feet, 
compared to 45% for set l. However, none of the 29 plumes 
in set 2 was longer than 500 feet, compared to 12% of the 217 
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Figure 2. Box plots of the benzene and toluene plume length 
data. The line across the box represents the median. The bottom 
and top of the box represent the first and third quartiles (Q1 and 
Q3). The whiskers extend to the lowest and highest observations 
inside the region defined by Q1 -1.5(Q3-Q1) and 03 +1.5(Q3-
Q1). Individual points with values outside these limits (outliers) 
are plotted with asterisks. 

plumes in set 1. This trend reversal reflects that set l was a 
much larger data set and contained both the smallest and 
largest plumes. Note that these longer plumes are statistical out
liers, as dete1mined by the Tukey method (Tukey 1977; Fig
ure 2). Similar results were observed for toluene, although the 
apparent elongation effect of ethanol was not as pronounced 
(Figure 1 b). 

Box plots c01roborated that BTEX plumes with ethanol (set 
2) were generally longer than those from set 1, without ethanol 
(Figure 2). A Kruskal-Wallis test showed that the median 
length of benzene plumes was significantly longer for set 2 than 
for set 1 (263 versus 156 ftp< 0.001; Figure 3). On the other 
hand, the difference for toluene plumes was not statistically sig
nificant (219 versus 158 feet, p = 0.073). Note that the median 
length for benzene and toluene plumes without ethanol is 
within 15% of that reported by Newell and Connor ( 1998) (i.e., 
132 feet). This value was obtained from a compilation of 
four surveys (Groundwater Services 1997; Mace et al. 1997; 
Rice et al. 1995; Newell and Connor 1990), covering a total 
of 604 sites presumably contaminated with gasoline without 
ethanol. 
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Table 2 
Summary Statistics for Benzene 
and Toluene Plume Length Data 

Compound 
Benzene 1bluene 

Set 1 Set 2 Set 1 Set 2 
Parameters (noEtOH) (withEtOH) (noEtOH) (withEtOH) 

Number of sites 217 29 211 26 
Minimum (ft) 18 90 14 75 
Median (ft) 156 263 158 219 
Maximum (ft) 1005 500 973 450 

Mean (ft)± Std. 
deviation 193 ± 135 263± 103 185 ± 131 211 ±99 

p-valuc 0.002* 0.243 

*Data were significanlly different (p < 0.05) as determined by a two-sample student's 
HCSl. 

Benzene 

Toluene 

0 75 150 225 

Median plume length (ft) 

Figure 3. Median length of set 1 (Iowa data, without ethanol) 
versus set 2 plumes (Kansas data, with ethanol). The difference 
was significantly different for benzene (p < 0.001 ), but not for 
toluene (p = 0.073), as established by a Kruskal-Wallis test. 

300 

Table 2 summarizes the central tendencies of benzene 
and toluene plume lengths. The average length of BTEX 
plumes with ethanol was higher than the c01Tesponding value 
without ethanol (by 36% or 70 feet for benzene, and by 17% 
or 26 feet for toluene). Similar to the Kruskal-Wallis test, 
two-sample student's t-tests showed that these differences 
were statistically significant for benzene (p:::: 0.002) but not for 
toluene (p = 0.243). Whereas an increase of70 feet in the aver
age length of benzene plumes is statistically significant, this 
does not imply that the con-esponding increase in public health 
risk will also be significant. 

Benzene plumes were generally longer than toluene 
plumes, and this difference was more pronounced for the data 
set with ethanol (set 2). Specifically, the average benzene 
plume was 20% longer limn the average toluene plume for set 
2, compared to a 4% difference for the data set without ethanol 
(set I). A Wilcoxon signed rank test showed that both of these 

Table 3 
Predominant Lithologic Characteristics 

of the Sites Considered in This Study 

Percent of Sites Where Material was Dominant 

Set 1 Set 2 

Material (no ethanol) (with ethanol) 

Clay 40 31 

Limestone 4 0 
Mixed 28 34 

Sand 15 23 

Shale 0 3 
No data available 13 9 

Table 4 
Benzene Plume Length Statistics, Segregated 

by Dominant Type of Aquifer Material* 

Dominant Number Benzene Plume Length 
Aquifer of Average Standard 
Material sites (ft) Deviation (ft) 

Set 1 (no ethanol, Iowa) 
Clay 85 184 107 
Limestone 8 155 105 
Mixed 59 172 84 
Sand 35 249 215 
No data available 31 199 164 

Set 2 (with ethanol, Kansas) 
Clay 8 242 89 
Mixed 9 283 !05 
Sand 8 250 92 
Shale I 288 0 
No data available 3 292 201 

•For a given set. differences between categories were not significantly different. 

differences were statistically significant (p < 0.05), which 
suggests that the potential elongating effect of ethanol could 
be more pronounced for benzene than for toluene (Figure 3). 
Benzene, which is the most toxic of the BTEX compounds, is 
relatively recalcitrant under the anaerobic conditions exacer
bated by an ethanol-driven consumption of electron acceptors 
(Corseuil et al. 1998; Heider et al. 1998). Toluene is more fre
quently reported to degrade under anaerobic conditions. The 
methyl group in toluene is electrophilic and facilitates nucle
ophilic attack by water (Alvarez and Vogel 1995) or by anaer
obic catabolic enzymes such as benzyl succinate synthase 
(Heider et al. 1998). This facilitates the initiation of degrada
tion without the action of an oxygen requiring oxygenase 
enzyme. The higher biodegradability of toluene and its higher 
tendency than benzene to be retarded by sorption (Alvarez et 
al. J 998) are conducive to shorter plumes. 

As is commonly the case for many epidemiological stud
ies, it should be pointed out that the inferences of our statis
tical analysis are constrained by other factors besides the 
presence of ethanol that could influence plume length. 
Although Iowa and Kansas have a similar geologic history, 
unaccounted confounding factors include hydrogeologic and 
geochemical characteristics that control the rates of advection, 
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dilution, sorption, volatilization, and biodegradation, as well 
as site heterogeneity and the release and response scenarios. 
Unf01tunately, logistical and cost constraints often preclude the 
quantification of these processes at gasoline-contaminated 
sites. Therefore, these factors could not be included in our sta
tistical analysis, with the exception of considering borehole data 
that permitted the categorization of the sites according to the 
dominant type of aquifer material (Table 3). These data sug
gest that a slightly higher percentage of sites in set l were less 
permeable than in set 2 (i.e., 46% vs. 33% were clay-rich 
and 19% vs. 24% were sandy). Although plumes were gener
ally longer in sandy than in clay-rich aquifers, the standard devi
ations for a given lithologic category were relatively large, as 
illustrated for benzene plumes (Table 4). Therefore, the dom
inant type of aquifer material did not have a statistically sig
nificant effect on plume length. This finding is consistent 
with previous plume studies (Rice et al. 1995; Mace et al. 
1997). This does not mean that the type of aquifer material (and 
its associated permeability and sorption capacity) does not 
affect plume length. Rather, it implies that other factors that 
were not quantified could be more influential. 

Jn spite of the many potentially confounding factors asso
ciated with field data, it should be recognized that (I) such con
founding factors were likely randomized by the relatively 
large data set considered; (2) Kansas plumes were longer 
even though temperatures tend to be slightly warmer in Kansas 
than in Iowa, which is conducive to faster biodegradation; and 
(3) the results of the statistical analysis show a strong consis
tency of association with experimental and modeling results 
and with biologically plausible explanations discussed previ
ously. Therefore, this work supports the hypothesis that the 
presence of ethanol in gasoline can lead to longer benzene 
plumes. These rcsulls should provide a basis for further field 
studies involving controlled gasohol releases to improve our 
gasohol-release risk assessment capabilities. 

Conclusion 
This study investigated the potential magnitude and sig

nificance of BTEX plume elongation by the presence of 
ethanol in gasoline. There was a statistically significant dif
ference in mean benzene plume lengths between gasoline- ver
sus gasohol-contaminated sites. The mean toluene plume 
lengths were not significantly different. Ethanol apparently hin
ders the biodegradation of benzene to a greater extent than 
toluene because benzene is less degradable under strictly 
anaerobic conditions that are exacerbated by the depletion of 
electron acceptors during ethanol degradation. The significance 
of this effect, however, is probably site-specific, largely 
depending on the release scenario and the available electron 
acceptor pool. 
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The environmental behavior of fuel oxygenates (other 
than methyl tert-butyl ether [MTBE)) is poorly understood 
because few data have been systematically collected 
and analyzed. This study evaluated the potential for 
groundwater resource contamination by fuel hydrocarbons 
(FHCs) and oxygenates (e.g., tert-butyl alcohol [TBA]. tert
amyl methyl ether [TAME]. diisopropyl ether [DIPE], 
ethyl tert-butyl ether [ETBE], and MTBE) by examining 
their occurrence, distribution, and spatial extent in 
groundwater beneath leaking underground fuel tank 
(LUFT) facilities, focusing on data collected from over 
7200 monitoring wells in 868 LUFT sites from the greater 
Los Angeles, CA, region. Excluding the composite measure 
total petroleum hydrocarbons as gasoline (TPHG), TBA 
has the greatest site maximum (geometric mean) groundwater 
concentration among the study analytes; therefore, its 
presence needs to be confirmed at LUFT sites so that 
specific cleanup strategies can be developed. The alternative 
ether oxygenates (DIPE, TAME, and ETBE) are less likely 
to be detected in groundwater beneath LUFT facilities in the 
area of California studied and when defected are present 
at lower dissolved concentrations than MTBE, benzene, 
or TBA. Groundwater plume length was used as an initial 
indicator of the threat of contamination to drinking 
water resources. Approximately 500 LUFT sites were 
randomly selected and analyzed. The results demonstrate 
MTBE to pose the greatest problem, followed by TBA 
and benzene. The alternative ether oxygenates were relatively 
localized and indicated lesser potential for groundwater 
resource contamination. However, all indications suggest 
the alternative ether oxygenates would pose groundwater 
contamination threats similar to MTBE if their scale of usage 
is expanded. Plume length data suggest that in the 
absence of a completely new design and construction of 
the underground storage tank (UST) system, an effective 
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management strategy may involve placing greater 
emphasis on UST program for ensuring adequate enforcement 
and compliance with existing UST regulations. 

1. Introduction 
The production and use of fuel oxygenates, particularly 
methyl tert-butyl ether (MTBE). have increased dramatically 
since the early 1990s as a consequence to federal and state 
regulations designed to improve air quality. The 1990 Federal 
Clean Air Act (CAA) Amendments mandated the use of winter 
oxyfuel or reformulated gasoline (RFG) to reduce carbon 
monoxide or ozone-forming hydrocarbon emissions in 
carbon monoxide and ozone nonattainment regions, re
spectively (I). In theory, the federal oxyfuel and RFG 
requirements do not specify a particular oxygenate, and 
gasoline refiners have several oxygenate options, including 
ethers (e.g .. MTBE. diisopropyl ether [DIPE]. ethyl tert-butyl 
ether [ETBE], tert-amyl methyl ether [TAME]) and alcohols 
(e.g., ethanol or tert-butyl alcohol [TBA]). In practice, however, 
MTBE has emerged as the dominant oxygenate in oxyfuel 
and RFG due to its lower cost and favorable transfer and 
blending characteristics (2). Currently, MTBE accounts for 
85% of all oxygenates used in the United States or roughly 
15 billion Lyear- 1 (3). While ethanol accounts for about 7% 
of the United States oxygenated fuel supply, ethanol is 
generally not used outside of the Midwest (4). 

Fuel oxygenates can be accidentally introduced to sub
surface environments during the refining. distribution, and 
storage of oxygenated fuels. Spills and leaks of oxygenate
containing gasoline pose a greater risk to groundwater 
resources as compared to that caused by other petroleum 
constituents (e.g., monoaromatics such as benzene, toluene, 
ethylbenzene, and total xylenes [BTEX]). Comparing to other 
petroleum constituents. fuel oxygenates are significantly 
more water soluble and are not adsorbed as readily to soil 
particles (see Table SI, Supporting Information), allowing 
them to travel farther and faster in groundwater (4-6). In 
addition. owing in part to their molecular structure, ether 
oxygenates including MTBE have been shown to resist 
biodegradation ( 7-11). The persistence and mobility ofMTBE 
in subsurface environment, combined with its relative 
quantity in oxyfuel and RFG as compared to other gasoline 
constituents, have contributed to its dominant presence and 
frequent detection in groundwater plumes (4) and com
munity water systems (CWS) (12). The relatively low odor 
threshold of MTBE renders many of these drinking water 
supplies with even low-level MTBE contamination to be 
unusable (13). 

Concerns about potential groundwater contamination 
from MTBE have led several states to consider or enact MTBE 
bans (4). Unless the oxygenate requirements are removed 
through modification of the CAA, state- and federal-level 
bans ofMTBE mean refiners must replace MTBE with another 
oxygenate. As a result, interest in the use and the environ
mental fate and transport of alternative oxygenates has 
increased significantly (14). However, to date, the state of 
knowledge is still quite limited for oxygenates DIPE. ETBE, 
TAME. and TBA (which together make up a total ofup to 8% 
of United States oxygenates market). There are virtually no 
data on the environmental behaviorof these other oxygenates 
(15). due primarily to difficulties in delineating their extent 
in the environment, lack of systematic analytical procedures 
for their determination as a group. and lack of regulatory 
requirement for their analysis. The extent and magnitude of 
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oxygenate contamination (other than MTBE) in the United 
States remains unknown. It is imperative that the environ
mental impacts of alternative oxygenates be properly as
sessed, since limited evidence available suggests they would 
pose groundwater contamination threats similar to MTBE 
(4), if used in similar percent by volume amounts. 

This paper characterizes the potential for groundwater 
contamination of fuel hydrocarbons (FHCs) and oxygenates 
by examining their occurrence, distribution, and extent at 
leaking underground fuel tank (LUFT) sites. Specifically, data 
on the frequency of detection, maximum concentration, and 
contaminant plume length in groundwater of FHCs and 
oxygenates at LUFT sites in the greater Los Angeles region 
are presented. Contaminant plume length is the primary 
measure in this research because it reflects the potential of 
the contaminant to impact receptors. Secondary analysis of 
the correlation among FHC and oxygenate plume lengths 
and concentrations and time series analysis of contaminant 
plume length are also presented. In addition, this paper 
addresses the role of fuel oxygenates in influencing the 
behavior ofFHC plumes at LUFT sites. Analysis of these data 
provides information on the current extent/magnitude of 
impact to groundwater resources caused by fuel releases, 
addresses the fate and transport of released gasoline con
stituents, and provides a basis for making preliminary 
predictions on the implications of the expected shift to 
alternative oxygenates as MTBE is phased out, or reduced, 
in gasoline. 

The approach utilized is to treat LUFT sit~s as statistical 
populations (1). LUFT sites are particularly important because 
they represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. According to U.S. Environmental Protection 
Agency's (USEPA) Safe Drinking Water Information System, 
some 385 000 known releases of gasoline have already 
occurred at LUFT sites nationally (5) and approximately 35% 
of the CWS wells have one or more LUFT sites within a 1-km 
radius of the well (5). This paper focuses California, specif
ically the Los Angeles region, as California's large consump
tion of fuel oxygenates makes the state an important 
environmental indicator for the national impacts of oxygen
ates. In fact, California's consumption ofMTBE accounts for 
approximately one-fourth of global MTBE consumption ( 4) 
and some 6700 MTBE LUFT sites are located within 0.8-km 
radius of CWS wells in the state (16). Los Angeles, which 
comprises about 28% of the population in California (17), 
exemplifies a typical RFG-program participating metropolitan 
area. 

2. Experimental Section 
2.1.1. Characterization of Contaminant Spatial Extent at 
LUFT Sites. Groundwater plume length for a given con
taminant is defined as the distance from the source area to 
the farthest edge of the plume at a predetermined concen
tration contour. In this paper, the dissolved plume length in 
groundwater for FHC (benzene), oxygenates (MTBE, DIPE, 
ETBE, TAME, and TBA), and total petroleum hydrocarbons 
as gasoline (TPHc) were investigated. TPHc is a useful 
indicator of the presence and magnitude of gasoline con
tamination and includes C4-C12 compounds. Dissolved 
concentration contours were defined to 5 pg L - 1 for benzene 
and ether oxygenates to 10 ftg L-1 for TBA, and to 100 pg L - 1 

forTPHc. taking into account both uniformity across different 
analytes as well as their method detection limits (MD Ls). For 
each site, analytical data from groundwater monitoring wells, 
estimates of average groundwater gradient directions, and 
best professional judgment in extrapolating the most down
gradient well contaminant concentrations to the respective 
predetermined concentration contours were used to contour 
the groundwater plume for estimating spatial extent. Other 

investigators (I, 16, 18) have applied similar methods for 
characterizing plume length. 

Clearly, plume length as defined is two-dimensional. The 
lack of depth-specific data and other site-specific knowledge 
across the population of LUFT sites investigated in this paper 
preclude evaluation of plume transport in the vertical 
direction. In areas of significant recharge, this can bias the 
measurements toward shorter plumes, since a typical 
monitoring well screened across the water table may fail to 
detect the leading edge of the plume as it is deflected 
downward in response to the infiltration of recharge from 
above. Further, fluctuating flow directions as well as errors 
in their determination can result in monitoring well network 
configurations that create additional biases in plume length 
measurement. Despite these shortcomings, plume length 
remains an important indicator of the spatial extent of solute 
plumes and, in this paper, reflects the potential/relative 
potential of the FHCs and oxygenates to impact receptors. 

2.1.2. Site Selection and Sampling Protocol for Con
taminant Plume Length Study. From a list of over 1100 active 
LUFT facilities in the greater Los Angeles region, 500 facilities 
were randomly selected for site evaluation. Facilities qualified 
for inclusion in the plume length study if (a) sufficient 
groundwater monitoring data were available to define the 
contaminant plume lengths, (b) groundwater monitoring data 
covered at least the time period from 3rd quarter 2000 to 2nd 
quarter 2001, (c) at least one of the five fuel oxygenates of 
interest (MTBE. TBA, DIPE, ETBE, and TAME) was used or 
detected at the site, (d) at least one of the FHCs (TPHc and 
benzene) was used or detected at the site, and (e) site 
analytical data met California Regional Water Quality Control 
Board-Los Angeles Region's (CRWQCB-LA) laboratory qual
ity assurance testing requirements (19). 

To investigate the influence of oxygenates on FHC plume 
length at LUFT sites, a distinct "FHC-only" population of 
LUFT facilities was identified for comparison. From the same 
list of LUFT facilities referenced above, 700 facilities were 
randomly selected for site evaluation. The "FHC-only" 
population was selected based on identical facility inclusion 
criteria as above, with the exception that none of the five 
oxygenates of interest was used or detected at the site (as 
demonstrated by soil and groundwater historical data). For 
TPHc and benzene, only for 53 and 52 facilities, respectively, 
were plume lengths able to be estimated after examination 
of all 700 randomly selected sites. 

2.2. Occurrence and Distribution ofFHCs and Oxygen
ates at LUFT Sites. To investigate the occurrence/ distribution 
ofFHCs and oxygenates, data from LUFT sites were analyzed 
to determine the frequency of detection of FHCs and 
oxygenates at LUFT sites, their maximum site concentrations, 
and the correlation among these gasoline constituents. As 
part of the recent regulatory requirements adopted by the 
California State Water Resources Control Board, responsible 
parties for LUFT sites were required to submit laboratory 
analytical data and reports to the state Geotracker Internet 
Database in the Electronic Deliverable Format (EDF). From 
a list of over 1100 active LUFT facilities in the greater Los 
Angeles region, over 850 facilities had submitted their 
laboratory analytical data and reports in EDF, which ensured 
the data that were transmitted were of known quality and 
met all laboratory testing requirements specified by the 
regulatory agency (section 2.4). The resulting EDF from these 
facilities uniformly analyzed, at a minimum, FHC (BTEX), 
oxygenates (MTBE, DIPE, ETBE, TAME. and TBA) and TPHc. 
An extensive data analysis was conducted of the electronic 
data and hardcopy reports from these facilities. For the time 
period between January and March of 2002, a total of over 
7200 monitoring wells were sampled for these facilities. 

2.3. Site Setting and Representativeness. To determine 
whether the LUFT sites selected for this study were repre-
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FIGURE 1. Plot of cumulative percentile of site maximum concentration for FHCs (fPHG and benzene) and oxygenates (MTBE, TBA, DIPE, 
ETBE, and TAME). 

TABLE 1. Summary Statistics on LUFT Site Maximum Analyte Concentrations and Site Analyte Detection Frequenciesa 

MTBE TPHG benzene DIPE ETBE TAME TBA 

minimum (ug L -1) 0.46 30 0.3 0.36 0.35 0.38 6 
maximum (ug L - 1) 1.6 x 107 9.98 X 108 4.2 x 107 4 700 7 500 12 000 4.4 x 106 

median (ug L -1) 1 200 15 000 1 370 30 4 20 1880 
mean (ug L - 1) 44 840 3 783 500 83 750 290 260 240 30120 
g-mean (ug L - 1) 900 11 400 
LUFT sites with detected analyte (n) 718 797 
analyte site detection frequency(%) 82.7 91.8 

•Note: g-mean denotes geometric mean. 

sentative of the majority of LUFT sites in California, statistical 
analyses of site hydrogeology and contaminant impact were 
conducted in manner similarto Happel et al. (J) and reported 
in detail in text and figures in the Supporting Information. 

2.4. Analytical Methods. The analysis of oxygenates as a 
group using conventional analytical procedures designed for 
petroleum hydrocarbons has been shown to be problematic 
(1. 2{fJ. USEPA Method 8020/2IB. a protocol routinely 
employed for the analysis of LUFT samples. was unfit for 
monitoring of TBA and frequently yielded false-positive and 
inaccurate results when ether oxygenates were monitored in 
aqueous samples containing high TPHc concentrations 
(> 100011g L - 1). In contrast, Halden et al. (2{fJ demonstrated 
that USEPA Method 8260B (gas chromatography/mass 
spectrometry) was a robust protocol for oxygenates over a 
wide range ofTPHc background concentrations. To ensure 
that appropriate protocols for the analysis of oxygenates were 
utilized, only those groundwater samples from LUFT sites 
that had been analyzed for BTEX and ether and alcohol 
oxygenates using USEPA Method 8260B were used for this 
study. TPHc was analyzed using USEPA Method 8015 
nonaromatic. nonhalogenated chromatograph procedure. 
Laboratory MDLs forTPHc. BTEX. TBA, and etheroxygenates 
were set at 100, I. 10, and 211g L - 1• respectively. 

3. Results and Discussions 
3.1. Occurrence and Distribution ofFHCs and Oxygenates 
at LUFT Sites. To determine the frequency of detection of 
FHCs and oxygenates at LUFT sites, their maximum site 
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700 31 7 24 1730 
716 206 77 159 530 
82.5 23.7 8.9 18.3 61.1 

concentrations, and the correlation among these gasoline 
constituents, groundwater monitoring data from over 7200 
monitoring wells in EDF were analyzed from 868 LUFT sites 
in the greater Los Angeles region. At a reporting limit of 100, 
1, 10. and 2 pg L - 1• for TPHc. benzene, TBA. and ether 
oxygenates. respectively, 96% of the EDF-LUFT sites con
tained at least one FHC or oxygenate, 92% contained at least 
two analyzed compounds, 60% contained at least four 
compounds, and 1.5% contained all seven FHC and oxygenate 
compounds. TPHc was the analyte most frequently detected 
at 91.8% of EDF-LUFT study sites, followed by MTBE and 
benzene at 82. 7% and 82.5%, TBA at 61.l %, and the alternative 
ether oxygenates DIPE, TAME, and ETBE at 23.7%, 18.3%, 
and 8.9%, respectively. 

The site maximum analyte concentration (SMAC) was a 
good indicatorof the source analyte concentration or strength 
in groundwater. SMAC was determined for each of the seven 
FHCs and oxygenates at individual EDF-LUFT study sites. 
Figure l depicts a comparison of the SMAC cumulative 
distributions. The results indicate that, excluding the com
posite measure TPHc. TBA has the greatest site maximum 
concentrations. followed by MTBE/benzene and DIPE, 
TAME. and ETBE. The mean, geometric mean, median, and 
other relevant measures are displayed in Table I for LUFT 
sites with detectable levels of analyte. The log-normality of 
the data sets, confirmed by graphical tools and more 
quantitative measures (e.g .. coefficient of variation, the 
Shapiro-Wilk Test (21). and skewness). necessitated a natural 
log data transformation before computation of the t-test (21-
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FIGURE 2. Plot of plume length cumulative percentile for FHCs (f PHG and benzene) and oxygenates (MTBE, TBA, DIPE, ETBE, and TAME). 
Note: benzene, ether oxygenate, TBA, and TPHG plume lengths were defined to 5, 5, 10, and 100 µg L-1 dissolved concentration contours, 
respectively. 

23') to examine the significance of variations in concentration 
observed among the FHC and oxygenate compounds. 
Bonferroni probability (Bon. p) was provided as protection 
for performing multiple t-tests simultaneously. Among the 
FHC and oxygenates, TPHc has the greatest geometric mean 
site maximum concentration, followed by TBA, MTBE, 
benzene, and the ether oxygenates DIPE, TAME, and ETBE 
(Table 1), confirming what is observed in Figure 1. The student 
t-test verified statistically significant (a= 0.05, Bon. p < 0.05) 
differences for 20 out of 21 possible pairwise comparisons 
among the seven FHC and oxygenate compounds. 

The study observations indicate low concentrations of 
alternative etheroxygenates (DIPE, ETBE, and TAME) at LUFT 
sites (e.g., 50% of the detected maximum site concentrations 
for ETBE, TAME, and DIPE were less than 5, 20, and 30 pg 
L - 1• respectively (Figure 1)). Examinations of gasoline surveys 
provide definitive knowledge of which oxygenate and what 
volumes of that oxygenate are being used in a particular 
region of the country. As demonstrated by the 1995-1997 
EPA Oxygenate Type Analysis and RFG Survey Data (24), the 
quantity of alternative ether oxygenates (DIPE, ETBE, and 
TAME) in Los Angeles area gasoline are near trace amounts 
(«l % by weight), which may explain their low soluble source 
concentrations observed. 

In addition, high TBA source concentrations were ob
served. In fact, excluding the composite measure TPHc. TBA 
has the greatest geometric mean site maximum groundwater 
concentration among our study analytes. This finding may 
be explained in terms of the solubility and sources of TBA. 
Even though TBA was added to gasoline in significantly lesser 
amounts than MTBE or benzene, its high miscibility meant 
that small quantities of TBA could translate into high 
groundwater concentrations. Further, different sources of 
TBA (as gasoline additive, impurity, or oxidation byproduct 
of MTBE) could by themselves, or in combination, result in 
the detected TBA in groundwater at LUFT sites. 

3.2. Characterization of Contaminant Spatial Extent at 
LUFf Sites. Contaminant plume length was used as an initial 
indicator of the threat of contamination to drinking water 
sources by contaminants present in shallow groundwater at 
LUFT sites and was estimated according to procedures in 
section 2.1.l. Figure 2 presents FHC and oxygenate plume 
lengths in terms of cumulative percentile. The results indicate 

that among the FHCs and oxygenates. MTBE has the greatest 
plume length, followed by TBA/TPHc. benzene, and the 
alternative oxygenates DIPE, TAME, and ETBE. The difference 
in plume length is clearly distinguishable, as in the case of 
MTBE versus FHC and MTBE versus other oxygenates. In 
contrast, pairwise comparisons between TBA/TPHc. benzene/ 
DIPE, and TAME/ETBE cumulative distributions indicate that 
for these pairs, the variation in plume length is difficult to 
distinguish as demonstrated by the overlapping cumulative 
percentile curves. 

The statistical significance of the plume length differences 
among the FHC and oxygenate groups was examined using 
the two sample t-test (after log-transformation). The log
normality of the data sets indicates that the geometric mean 
and the median are better descriptors of the LUFT plume 
population. Table 2 summarizes the data. Among the FHC 
and oxygenates, MTBE has the greatest geometric mean 
plume length at 83 m, followed by TPHc/TBA at 64 and 63 
m, benzene/DIPE at 51 and 50 m, and TAME/ETBE at 36 and 
34 m. The student t-test verified statistically significant (a= 
0.05, Bon. p < 0.05) differences for pairwise comparisons of 
MTBE and TBA to DIPE, ETBE, and TAME as well as 
comparisons between MTBE and TBA, MTBE and benzene, 
and TBA and benzene. In contrast, pairwise comparisons of 
DIPE, ETBE, and TAME to one another as well as benzene 
to DIPE or ETBE were not. 

Contaminant groundwater plume length is influenced by 
factors such as hydrogeologic characteristics, matrix chemical 
interactions, source strength, biodegradation, and intrinsic 
properties of the chemical of interest. Under steady-state 
conditions, the differences in plume length among the FHCs 
and oxygenates ata particular site may be attributed primarily 
to differences in source strength and degradability of the 
contaminant. The lower source strengths of alternative ether 
oxygenates (DIPE, ETBE, and TAME) (Figure 1) as compared 
to MTBE, TBA, or FHCs may have contributed in large part 
to the observed localization of these plumes. In contrast, 
since the FHCs have source strengths of similar magnitudes 
as compared to MTBE and TBA (Figure 1), it is likely the 
significantly greater biodegradability of the FHCs (TPHc and 
benzene) relative to TBA and ether oxygenates favored the 
more restricted plume migrations from the source areas as 
compared to MTBE and TBA plumes. 
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TABLE 2. Summary Statistics on Estimated LUFT Site Analyte Plume Length in Groundwatera 

MTBE TPHG benzene DIPE ETBE TAME TBA 
(5 µ9 L-1) (100 119 L - 1) (5119 L-1) (5119 L - 1) (5119 L-1) (5 µ9 L-1) (101'9 L-1) 

facilities (n) 96 99 95 34 17 37 86 
min(m) 26 11 7 14 15 6 15 
max(m) 317 259 168 119 94 137 192 
median (m) 84 66 51 58 35 40 61 
mean (m) 96 75 60 55 39 47 73 
g-mean (m) 83 64 51 50 34 36 63 

•Note: g-mean denotes geometric mean. 

TABLE 3. Change in Analyte Groundwater Plume Length over Time (1 year)a 

MTBE TPHG benzene DIPE ETBE TAME TBA 
(5 µ9 L-1) (100 µ9 L - 1) (5 µ9 L-1) (5119 L-1) (5 µ9 L-1) (5µ9 L-1) (10 µg L-1) 

case (n) 96 99 94 33 16 35 86 
g-mean change (m) -1.5 -0.3 0.6 0 1.5 1.2 3.7 
g-mean (m) 83 64 51 50 34 36 63 
% change -1.8 -0.5 1.2 0 4.4 3.3 5.9 
Pvalue 0.28 0.89 0.61 0.94 0.58 0.19 0.06 

•Note: negative g-mean change indicates that the plume length for the selected analyte decreased over time, while positive g-mean change 
indicates the opposite. 

3.3. Time Series Analysis of Contaminant Spatial Extent 
at LUFT Sites. Contaminant plume lengths in groundwater 
were tracked for 1 year for a population of LUFT sites (section 
2.1.2 for site selection). A total of 464 individual plumes were 
tracked resulting in a total of 1856 plume lengths estimated 
over four quarters (Figure S3, Supporting Information). 
Comparison of the cumulative percentile (CP) curves over 
four quarters indicate that for MTBE. TPHc. and benzene, 
the overlapping CP curves suggest the changes in plume 
length over this time period are not discernible-either the 
plume lengths are stable or the time period examined is not 
sufficient for changes to develop and/or be detected. In 
contrast, comparison of the CP curves for the alternative 
oxygenates ETBE, TAME, and TBA indicates a somewhat 
discernible trend of increasing plume lengths over the I-year 
period. This trend is most apparent in the case of TBA, where 
the plume length increase over 1 year is ~6%. Decreases in 
contaminant plume length beneath LUFT study sites over 
time are likely to be the result of decreasing source strength 
from ongoing source removal and cleanup as well as 
biodegradation. Increases in contaminant plume length over 
time, on the other hand, may be due to a variety of factors. 
The more recent release of gasoline formulations containing 
significantly greater quantities of oxygenates may not have 
afforded sufficient time for oxygenate plumes to reach 
maximum plume configurations. As for TBA, since it is also 
a degradation product of MTBE, it is possible that as the 
MTBE plume farther away from the source area continues 
to degrade into TBA at concentrations above detection limit; 
these changes in TBA concentration would be detected by 
the peripheral monitoring network and thus result in 
increases in plume length contour. 

To assess whether the plume length differences that 
develop over time were statistically significant, paired t-tests 
were performed (after log-transformation) for each FHC and 
oxygenate compound. The results indicate that after 1 year, 
none of the plume length differences that occurred during 
this period was significant at a.= 0.05 (Table 3). 

Rice et al. (25) conducted a trend analysis for benzene 
plume lengths with time and determined that approximately 
60% of the sites studied contained no significant temporal 
trends. while 32% and 8% of the sites have decreasing and 
increasing temporal trends, respectively. While the vast 
majority of benzene and TPHc plumes are apparently stable 
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(1, 25), it remains to be seen whether oxygenate plumes have 
reached steady state. The different release histories of these 
compounds can be a factor in interpreting the plume length 
results. If the oxygenate plumes have not reached steady 
state, then the observed plume length results may not be 
indicative of future plume lengths. Time-series analysis of 
plume length data presented in this paper does lend some 
support to the stability of the plumes, FHC or oxygenate. 
However, substantially longer time-series analyses are needed 
to verify this assumption. 

3.4. Impact of Fuel Oxygenates on FHC Plume Lengths. 
Several laboratory, modeling. and small-scale case studies 
have been conducted to investigate the impact of ethanol on 
FHC plumes (26-28). It has been demonstrated that high 
concentrations of ethanol have the potential to increase the 
spatial extent of FHC plumes primarily through (1) the 
reduction in the biotransformation rates of FHC attributed 
to a reduction of available electron-acceptor species that 
participate in biogeochemical oxidation/reduction reactions 
(27) and (2) increases in the solubility of FHCs through a 
cosolvency effect (26). To investigate whether the presence 
of fuel oxygenates other than ethanol can influence the 
mobility and spatial extents ofFHC in a similar manner, two 
distinct populations of LUFT sites were identified. One 
population was composed of LUFT sites where oxygenates 
had been used or detected, versus another where none of 
the five oxygenates of interest had been used or detected 
(see section 2.1.2 for site selection/protocol). Figure 3 
compares the FHC plume lengths at "FHCs only" versus at 
"FHCs and oxygenates" LUFT sites. A student t-test (after 
log-transformation) was used to test the significance of 
variations in TPHc and benzene plume lengths between the 
two populations of LUFT sites. The results indicate thatTPHc 
and benzene plumes are significantly (at a. = 0.1) longer 
(+20-30%) in the presence of oxygenates. 

By comparing FHC (TPHc and benzene) plume lengths 
at LUFT sites that differ only in one respect (e.g .. the presence 
or absence of oxygenates). an attempt was made to adjust 
for other differences between the population of LUFf sites. 
However, the presence or absence of oxygenates at LUFT 
sites may itself be indicative of the relative age of the spill. 
Not until the passage of 1990s CAA mandating the use of 
RFC or oxyfuel has the addition of oxygenate been so 
widespread and at such a dramatic scale. Consequently, LUFT 
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TPHG and benzene plume lengths were defined to 100 and 5 µg L - 1 dissolved concentration contours, respectively. 

sites contaminated with both FHCs and oxygenates tend to 
have at least one or more recent fuel release(s). Conversely, 
LUFT sites impacted by only FHCs tend to have more aged 
source zones created by older spills from gasoline without 
oxygenate additives. Differences in the age of the spill can 
influence the length of FHC plumes since LUFT sites with 
more aged source zones also tend to have plumes that, relative 
to plumes at newer source zones, are stabilized or shrinking. 
Future work is needed to determine whether the increase in 
the FHC spatial extent is caused by the presence of oxygenates 
(e.g., through the mechanism of competition for electron 
acceptor species or the cosolvency effect) or is merely an 
artifact created by the inherent differences in the age of the 
spill resulting from the study design of separating LUFT sites 
into discrete populations ('FHCs-only' versus 'FHCs and 
oxygenates'). 

4. Implications 
The site detection frequencies and maximum groundwater 
concentrations for TBA, MTBE, and benzene were elevated. 
While the groundwater samples beneath LUFT sites across 
the states frequently are analyzed for a suite of FHC (e.g., 
BTEX) and some oxygenate (e.g., MTBE) compounds, the 
analysis for other oxygenates in most states has seldom been 
performed. Site groundwater concentrations and plume 
length data indicate TBA contamination at a scale similar to 
MTBE. In addition, due to its physical/chemical properties, 
TBA is often the regulatory driver for treatment considerations 
at LUFT sites. Therefore, the presence of TBA needs to be 
confirmed at gasoline-impacted sites, and if confirmed, a 
specific cleanup strategy needs to be developed that accounts 
for its presence along with any other FHC or oxygenate 
compounds that are present. In contrast to benzene, MTBE, 
and TBA, the site detection frequencies and maximum 
groundwater concentrations for alternative ether oxygenate 
DIPE, ETBE, and TAME beneath LUFT facilities were low. 
Plume length comparisons also indicate these alternative 
ether oxygenates to be localized relative to MTBE. TBA, or 
FHCs. Even though data from this study suggests that current 
risk from the alternative ether oxygenates to groundwater 
resources at LUFT sites should be minimal, caution should 
be applied against over-interpretation of the data in antici-

pating the consequences of possible scale-up in usage of 
these compounds. An appropriate parallel may be found in 
the progression of the MTBE problem. Prior to the 1990s, 
when MTBE was used primarily as an octane booster, it made 
up only 1-3% by volume of some gasoline. It was only after 
the scale of MTBE usage escalated in response to the 1990s 
CAA Amendments that the environmental consequences 
associated with its use became apparent. All indications (e.g., 
physical/chemical characteristics such as high solubilities 
and low biodegradabilities (relative to FHCs)) suggest that 
the alternative ethers would pose groundwater contamination 
threats similar to MTBE if their scales of usage were expanded. 

With the staggering number of LUFT facilities located in 
close proximity to community drinking water sources, LUFT 
sites represent major point sources of gasoline constituents 
and the leading cause of FHC and oxygenate groundwater 
contamination. There is little doubt that a large proportion 
of underground storage tank (UST) systems at gasoline 
stations leak, and that is apparently true even for upgraded, 
double-tank systems. The number ofleaks indicates that the 
problem is primarily in the design of the system, which arises 
from real estate limitations, fire defense considerations, and 
a defense against accidents and vandalism (29). In the absence 
of completely new design and construction of the system 
that emphasizes detection, repair, and containment, an 
effective management strategy may involve placing greater 
emphasis on a UST program for ensuring adequate enforce
ment and compliance with existing UST regulations. In 
California, existing UST regulations require, specifically, the 
upgrading of USTs and the institution of leak detection 
systems. The plume lengths data indicate that under a well
managed UST program, with prompt detection and cleanup 
of source contaminants associated with failed UST systems, 
FHC and oxygenate plume lengths in the hundreds of meters 
were quite rare. The overwhelming majority of plumes 
associated with release(s) from LUFT facilities were relatively 
"localized". For instance, an examination of plume lengths 
of alternative ether oxygenate DIPE, ETBE, and TAME found 
90% of the plumes were less than 100 m from the source 
area. Even in the case of MTBE, 90% of the MTBE plumes 
were observed to be Jess than 165 m. The adequate compli
ance with existing UST regulations may decrease the prob-
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ability of future leakage and allow for prompt response and 
cleanup of possible sources. This scenario could provide 
adequate safeguard against widespread and catastrophic 
impact of FHC and oxygenate plumes on groundwater 
sources since under these conditions the FHC and oxygenate 
plumes are likely to be localized. 
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Leukemia Risk Associated With 
Low-Level Benzene Exposure 

Deborah C. Glass,* Christopher N Gray, t Damien J. Jolley, t Carl Gibbons, t Malcolm R. Sim,* 
Lin Fritschi, § Geoffrey G. Adams, 11 John A. Bisby,# and Richard Manuell# 

Background: Men who were part of an Australian petroleum 
industry cohort had previously been found to have an excess of 
lympho-hematopoietic cancer. Occupational benzene exposure is a 
possible cause of this excess. 
Methods: We conducted a case-control study of lympho-hemato
poietic cancer nested within the existing cohort study to examine the 
role of benzene exposure. Cases identified between 1981 and 1999 
(N = 79) were age-matched to 5 control subjects from the cohort. 
We estimated each subject's benzene exposure using occupational 
histories, local site-specific information, and an algorithm using 
Australian petroleum industry monitoring data. 
Results: Matched analyses showed that the risk of leukemia was 
increased at cumulative exposures above 2 ppm-years and with 
intensity of exposure of highest exposed job over 0.8 ppm. Risk 
increased with higher exposures; for the 13 case-sets with greater 
than 8 ppm-years cumulative exposure, the odds ratio was 11.3 
(95% confidence interval = 2.85-45 .1 ). The risk of leukemia was 
not associated with start date or duration of employment. The 
association with type of workplace was explained by cumulative 
exposure. There is limited evidence that short-term high exposures 
carry more risk than the same amount of exposure spread over a 
longer period. The risks for acute nonlymphocytic leukemia and 
chronic lymphocytic leukemia were raised for the highest exposed 
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workers. No assoc1at10n was found between non-Hodgkin lym
phoma or multiple mycloma and benzene exposure, nor between 
tobacco or alcohol consumption and any of the cancers. 
Conclusions: We found an excess risk of leukemia associated with 
cumulative benzene exposures and benzene exposure intensities that 
were considerably lower than reported in previous studies. No 
evidence was found of a threshold cumulative exposure below 
which there was no risk. 

Key Words: benzene, occupational exposure, leukemia, 
lymphoma, multiple myeloma, petroleum industry 

(Epidemiology 2003;14: 569-577) 

Benzene is present in crude oil, at most stages of petroleum 
production and distribution, and is a component of gas

oline fuels, typically less than 3%. It is also a byproduct of 
combustion of fuels and other materials such as tobacco, 
wood, and coal. Benzene is present in indoor environments 
from activities such as cooking and heating, and it is ubiqui
tous in urban air at low concentrations. Nonsmokers living in 
an urban environment are typically exposed to average ben
zene concentrations in the order of 0.005 ppm.1 

Benzene is classified as a group 1 human carcinogen by 
the International Agency for Research on Cancer,2 and there 
is general agreement that benzene can cause leukemia in 
highly exposed individuals.3 The extent of the risk of leuke
mia with exposure to low concentrations of benzene (less 
than 10 ppm) has been debated.3

-
11 This debate has centered 

on 2 issues: whether the exposures were underestimated in 
previous epidemiologic studies and what model should be 
used to extrapolate the risk to lower concentrations of ben
zene, including whether there is a threshold exposure below 
which there is no risk. 

In addition, there is debate about which subtypes of 
leukemia are associated with benzene exposure. Some but not 
all authorities consider that acute nonlymphocytic leukemias 
or, more specifically, acute myeloid leukemia, are the only 
subtypes clearly associated with benzene exposure.3

•
8

•
9

•
12

•
13 

Benzene has also been associated with increased risk of 
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multiple myeloma,3
•
14·15 although this too is disputed.9·16 A 

review of 308,000 benzene-exposed workers from 26 cohorts 
in 5 countries found no increased rate of non-Hodgkin lym
phoma.17 In the U.K., the occupational exposure limit for 
benzene (maximum exposure limit) is 3 ppm as an 8-hour 
time-weighted average. 18 This was introduced in 2000 as the 
first part of a phased reduction to 1 ppm in 2003 in accor
dance with the Carcinogens Directive of the Council of the 
European Union. 19 The cunent American Conference of 
Governmental Industrial Hygienists' threshold limit value for 
benzene is 0.5 ppm.20 

A prospective cohort study of all-cause mortality and 
cancer incidence in the Australian petroleum industry, known 
as Health Watch, was established in 1980 at the University of 
Melbourne for the Australian Institute of Petroleum. In 1999 
the study was transfened to the University of Adelaide. The 
cohort consists of all employees except head office staff and 
those employed at Australian sites with fewer than 10 em
ployees. Employees in the industry have been surveyed at 
approximately 5-year intervals using an interviewer-admin
istered job and health questionnaire. This questionnaire ob
tained infonnation on jobs and tasks, on possible confound
ing variables (including smoking and alcohol), and on 
specific health outcomes. The first survey was conducted 
from 1981-1983 and resulted in an original cohort of 10,979 
men and 626 women. More subjects were recruited in the 
second and subsequent surveys. Approximately 95% of eli
gible employees in the industry have participated in Health 
Watch surveys. Employees were recruited into the Health 
Watch cohort after having served 5 years in the petroleum 
industry, and they remain in the cohort for life. Copies of 
death certificates are obtained and cancer incidence is vali
dated through state cancer registries and the treating doctor. 
Cancer registration in Australia is a legal requirement of 
pathology laboratories and hospitals. In 1998 the cohort 
comprised 15,732 men and 1178 women. 

Men in the cohort have been shown to have increases in 
the standardized incidence ratios for leukemia of 2.0 (95% 
confidence interval [CI] = 1.3-2.9) and for multiple myeloma 
of 1.9 (95% CI = 1.0-3.3).21 We designed a case-control 
study to assess the association between lympho-hematopoi
etic cancers and occupational benzene exposure among men 
in the cohort. We report the exposure-response relationships 
for lympho-hematopoietic cancers, including the subtypes of 
leukemia, and benzene exposure based on matched analyses. 

METHODS 
This case-control study is nested within the Health 

Watch cohort. We estimated the occupational exposure to 
benzene of the cases and control subjects, drawing on the 
subject's entire job history and using measured exposures for 
a wide range of tasks in the petroleum industry. 
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Cases were defined as men in the Health Watch cohort 
who repmted a newly diagnosed lympho-hematopoietic can
cer to Health Watch (either by himself or by his family) that 
was confinned by pathology report, cancer registration, letter 
from a medical practitioner, or death certificate. Registry 
cases who had not self-reported to Health Watch could be 
included under the tenns of the ethics committee approval 
only if the man had been lost to follow up or had died. 

Seventy-nine cohort members met the definition of 
lympho-hematopoietic cancer cases. They were identified by 
searching the cancer registries and through self-report to 
Health Watch. One man was found in the cancer registry, but 
under the terms of the ethics approval he could not be a case 
because he had not self-reported the disease and was not 
deceased or lost to contact. 

All documentation on the cases was reviewed by the 
investigators and cases were assigned to International Clas
sification of Diseases groupings according to the highest level 
of evidence (Table 1 ). For 9 cases with uncertain histology 
the documentation was reviewed by a hematologist who 
classified cases using the French-American-British system.22 

We selected 5 male control subjects for each case. 
Control subjects were selected randomly from a list of all 
cohort members who were eligible at the time of diagnosis 
and matched by year of birth. As a result of the random 
selection, 5 workers were used as control subjects for more 
than 1 case, 4 of whom were used in 2 case-control sets and 
1 in 3 sets. Thus, the total number of control subjects was 
395. One worker selected as a control subject subsequently 
became a case; this subject was retained as a control subject 
because he was not diagnosed at the time of selection. As a 
control subject, his exposure was truncated at the time of the 
matched-case diagnosis (as with all control subjects). As a 
case his exposure was estimated up to the time of his 
diagnosis. 

Each subject's smoking, alcohol, and job history had 
been collected as part of the Health Watch cohort surveil
lance.21 For employees interviewed in either the first or 
second Health Watch surveys in 1981-1983 and 1986-1987, 
detailed infonnation had been collected only on their current 
job and jobs held in the previous 5 years. During the third 
Health Watch survey in 1991-1993, full job histories were 
obtained for all cmTent employees interviewed. For those 
Health Watch members no longer employed in the petroleum 
industry, lists of jobs held in the industiy were obtained 
during the amrnal health check mail-out in 1994. The lists 
included job titles, company, site, area of work and dates, but 
no details of individual tasks or products handled. The job 
histories were cross-checked with company personnel 
records. In those instances in which discrepancies were 
found, the more detailed record (usually the subject's) was 
used. 

© 2003 Lippincott Williams & Wilkins 
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TABLE 1. Type of Cancer by Highest Level of Evidence for the Diagnosis 

Highest Level of Evidence 

Cancer 
Doctors' Registry Death 

Type of Lympho-hematopoietic Histology Letters Alone Certificate Total No. 
Cancer ICD-9 Code (N = 39) (N = 17) (N = 14) (N = 9) (N = 79) 

Non-Hodgkin lymphoma 200,202 14 6 5 6 31 
Multiple myeloma 203 8 4 2 15 
Leukemia 204-208 17 7 7 2 33 

Chronic lymphocytic leukemia 204.1 5 5 0 I 11 
Chronic myeloid leukemia 205.1 4 0 6 
Acute lymphocytic leukemia 204.0 2 0 0 0 2 
Acute nonlymphocytic leukemia* 205.0, 208.0 7 I 2 1 11 

Other leukemia t 202.4, 204.9 2 0 0 3 

*This group includes 9 acute myeloid leukemias and 2 acute undifferentiated leukemias. 
tThe 3 "other" leukemias were a hairy cell leukemia and 2 unspecified lymphocytic leukemias. ICD-9, World Health Organization International 

Classification of Diseases, 9th revision. 

Cases were not themselves interviewed about their 
tasks, because this information might have been subject to 
recall bias. Instead, we interviewed contemporaries at the site 
who were familiar with the requirements of the job. These 
smTOgate respondents provided infom1ation on the tasks that 
each subject would have perfonned for each job he had 
recorded in the job history, the technology used at that time, 
and products handled. Current and past employees were 
interviewed, and the interviews were structured using stan
dard questionnaires for each job type based on those devel
oped for previous petroleum industry epidemiologic stud
ies. 23

•
24 The interviewers had no knowledge of the names and 

health status of the subjects. 
We calculated the benzene exposure of each individual 

using a task-based algoritlun involving the subject's occupa
tional history; previously measured exposures for particular 
tasks in the Australian petroleum industry; and task-, site-, 
and period-specific data. This exposure model was similar to 
those used in some other petroleum indust1y epidemiologic 
studies23

•
24 but more detailed in that it was task-based and 

applied to each individual's job histo1y. This provided an 
estimate of cumulative exposure to benzene in parts per 
million-years (ppm-years) for each subject. The subjects were 
divided into geometric exposure groups. The exposure esti
mation process is described more fully elsewhere.25

•
26 

We used the following additional exposure metrics to 
test the association with risk of leukemia, with and without 
adjustment for cumulative exposure: 

1. Start date: Subjects were divided into 3 groups by their 
start date in the indust1y: pre-1965, 1965-1975, and post-
1975. 

© 2003 Lippincott Williams & Wilkins 

2. Duration of employment: The duration of employment (in 
participating companies) was defined as the difference 
between the earliest start date and the latest finish date for 
each subject, truncated by date of diagnosis. We calculated 
quintiles of duration with cut-points approximately every 7 
years. 

3. Whether most of the career was spent as an office worker 
or as a blue collar worker. 

4. Site oflongest-heldjob and highest-exposed job: Each site 
where a subject worked was allocated to a site type. The 
period of time and associated exposure for each subject 
was then allocated to that site type. If a subject worked in 
the office at a refine1y or a distribution terminal, he was 
included as an office worker rather than being assigned to 
a site type. 

5. Intensity of exposure: We calculated the average exposure 
intensity (cumulative benzene exposure estimate divided 
by duration of employment) in ppm for each job. We 
divided the subjects into geometric exposure intensity 
groups based on their highest exposed job. 

6. Subjects with exposure to benzene concentrate: We iden
tified those subjects who had handled benzene concentrate 
that is 100% benzene or BTX (benzene-toluene-xylene, 
which is principally an aromatic fraction derived from 
coke oven operations, containing approximately 70% 
benzene). 

All odds ratios and 95% confidence intervals are from 
matched analyses. 

The study was carried out with the clearance of Monash 
University Standing Conunittee on Ethics in Research In
volving Humans, and the Ethics Conunittees from Melbourne 
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and Adelaide Universities. All subjects signed a consent fonn 
to allow access to their job histories, and cases consented to 
our contacting their treating doctor for diagnostic details. 

RESULTS 
The cases and control subjects were well matched 

demographically (Table 2). They were similar with regard to 
alcohol consumption and country of birth. Control subjects 
were slightly more likely than the cases to be exsmokers. The 
risk ofleukemia was not associated with smoking; odds ratios 
(ORs) were 0.55 (95% CI = 0. 18-1.32) for previous smokers 
and 1.28 (95% CI = 0.52-3.14) for cun-ent smokers com
pared with never-smokers. We estimated the OR for leukemia 
associated with smoking score (pack-years) and alcohol score 
(standard drink-years) both as continuous measures. The OR 
per 100 pack-years was 0.98 (95% CI = 0.80-1.19) and per 
1000 drink-years was 0.78 (95% CI = 0.52-1.16). 

The ages of the cases at the date of case diagnosis 
ranged from 26-79 years with a mean of 54 years (Table 2). 
The mean duration of employment, prior to diagnosis, was 
20.4 years (standard deviation, 9.0 y), and ranged from 4.3-43 
years. A control subject, employed for only 4.3 years at the 
time of diagnosis of the case to which he was matched, had 
satisfied the cohort criteria of being employed in the industry 
for 5 years or more. 

Cases had, on average, a higher lifetime cumulative 
exposure than control subjects, and a greater propmtion of 
cases were in higher exposure categories (Table 3). The 
subjects were grouped by cumulative exposure (ppm-years) 
into 6 geometric groups, and conditional logistic regression 
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(case-matched) was used to calculate stratum-specific ORs 
(Table 4). No increase in risk for non-Hodgkin lymphoma/ 
multiple myeloma was found with increasing exposure to 
benzene. However, the ORs for leukemia were found to be 
elevated for 3 of the 5 exposure groups compared with the 
lowest ( :5 l ppm-years) as illustrated in Figure 1. The highest 
exposure group(> 16 ppm-years) contained 7 of33 leukemia 
cases, but only 3 of their 165 matched control subjects. For 
the 2 highest exposure categories combined (13 case-sets 
with >8 ppm-years cumulative exposure), the OR was 11.3 
(95% CI = 2.85-45.1). 

In a comparable study in the U.K. petroleum industry,27 

a cut-point of 4.79 ppm-years was used in the analysis. For 
comparison purposes we analyzed our data using the same 
cut-point and obtained an OR of2.51 (95% CI= l.1-5.7). 

The OR associated with cumulative exposure as a 
continuous measure was 1.65 (95% CI = 1.25-2.17), which is 
consistent with an increase of 65% for each doubling of mean 
cumulative exposure. 

There was no association between leukemia (with or 
without adjustment for cumulative benzene exposure) and 
date of starting work in industry or duration of employment 
(Table 5). Blue collar workers had a 3-fold risk of leukemia 
compared with office workers, but this risk disappeared when 
adjustment was made for cumulative benzene exposure (data 
not shown). Subjects who had worked longest at an airport 
had nearly 4 times the risk of leukemia compared with 
tenninal workers but this result was based on small numbers. 
This finding did not change after adjustment for cumulative 

TABLE 2. Lifestyle and Demographic Characteristics of the Cases and Control Subjects 

Types of Cancer 
Control 
Subjects All Cases Leukemia NHL/MM MM NHL 

Characteristic (N = 395) (N = 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Age in years; mean (range) 54 (26-76) 54 (26-79) 52 (34-71) 54 (26--75) 55 (39-75) 54 (26--70) 

Tobacco; no. (%)* 

Never smoked 125 (32) 28 (35) 11 (33) I 7 (37) 8 (53) 9 (29) 
Previous smoker I66 (42) 2I (27) 8 (24) I3 (28) 6 (40) 7 (23) 

Current smoker 103 (26) 30 (38) I4 (42) I6 (35) I (7) I5 (48) 
Alcohol; no. (%) 

Never drank 79 (20) I6 (20) 7 (2I) 9 (20) I (7) 8 (26) 

Previous drinker IO (3) 2 (3) I (3) I (2) 0 I (3) 
Current drinker 305 (77) 61 (77) 25 (76) 36 (78) I4 (93) 22 (7I) 

Country of birth; no. (%) 

Australia 259 (66) 56 (7I) 25 (76) 3 I (67) IO (67) 2I (68) 

UK 75 (I 9) I4 (I8) 4 (I2) IO (22) 3 (20) 7 (23) 
Other 60 (I5) 9 (11) 4 (I2) 5 (I I) 2 (I3) 3 (IO) 

*One control did not record smoking data. 
NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 
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TABLE 3. Cases and Control Subjects Grouped by Exposure to Benzene Expressed as Cumulative Exposure (ppm-years) 

Types of Cancer 
Control 
Subjects All Cases Leukemia NHL/MM MM NHL 

Characteristic (N = 395) (N = 79) (N = 33) (N = 46) (N = 15) (N = 31) 

Mean and range 
of cumulative exposure 
(ppm-years) 4.7 (0.01-57.3) 7.27 (0.01-52.7) 10.63 (0.09-52.7) 4.85 (0.01-23.4) 4.73 (0.17-23.4) 4.91 (0.01-21.8) 

Cumulative exposure 
(ppm-years); no. (%) 

:51 138 (35) 18 (23) 3 (9) 15 (33) 4 (27) 11 (35) 

>1-2 56 (14) 12 (15) 6 (18) 6 (13) 2 (13) 4 (13) 

>2-4 67 (17) 16 (20) 8 (24) 8 (17) 5 (33) 3 (10) 

>4-8 64 (16) 12 (18) 3 (9) 9 (20) 2 (13) 7 (23) 

>8-16 53 (13) 11 (14) 6 (18) 5 (11) I (7) 4 (13) 

>16 17 (4) 10 (13) 7 (21) 3 (7) I (7) 2 (6) 

NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; MM, multiple myeloma; NHL, non-Hodgkin lymphoma. 

benzene exposure. Similar results were found for those whose 
highest benzene-exposed job was at an airport. 

There was a strong association between leukemia risk 
and exposure to benzene concentrate that was somewhat 
reduced when cumulative exposure was controlled for. That 
is, exposure to benzene concentrate resulted in a higher risk 
of leukemia than exposure to the same amount of benzene 
encountered in a more dilute fonn such as in gasoline. 

The proportion of subjects whose highest exposed job was 
in high-intensity exposure categories was greater for cases than 
control subjects (Table 5). Exposure intensity in the highest 
exposed job was strongly related to leukemia risk, with the 
increase starting at around 0.8-1.6 ppm and with those in the 
highest exposure categ01y being nearly 20 times more likely to 
develop leukemia than those who were unexposed. Adjusting for 

TABLE 4. Association of Leukemia and Non-Hodgkin 
Lymphoma/Multiple Myeloma by Benzene Exposure Group, 
From Conditional Logistic Regression Analysis 

Cumulative Lifetime 
Benzene Exposure Leukemia NHL/MM 
(ppm-years) OR (95% CI) OR (95% CI) 

:=;1· 1.0 1.0 
>1-2 3.9 (0.9-I7.l) I. I (0.4-2.9) 
>2-4 6. I (1.4-26.0) I .2 (0.5-3.0) 
>4-8 2.4 (0.4-13.6) 1.3 (0.5-3.2) 
>8-16 5.9 (1.3-27.0) 0.8 (0.3-2.6) 
> 16 98.2 (8.8-1090) 1. I (0.3-4.5) 

* Reference category. 
NHL/MM, combined non-Hodgkin lymphoma and multiple myeloma; 

OR, odds ratio; CI, confidence interval. 
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cwnulative exposure removed the association between high
intensity exposure and leukemia. However, exposure intensity 
and cumulative exposure are highly correlated, and goodness
of-fit statistics and the stepwise conditional logistic regression 
algoritlm1 did not provide unequivocal evidence that would 
distinguish between the relative contributions of cwnulative 
exposure and exposure intensity to leukemia risk. 

The ORs were also calculated by using conditional logis
tic regression for the leukemia subtypes acute nonlymphocytic 
leukemia, chronic lymphocytic leukemia, and chronic myeloid 
leukemia (Table 6); such calculations were not possible for acute 
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FIGURE 1. Leukemia and Non-Hodgkin Lymphoma/Multiple 
Myeloma (NHL/MM) odds ratios by geometric benzene expo
sure groups (ppm-years) displayed at the midpoint of the 
exposure group. (Circles indicate odds ratios; vertical lines 
depict confidence intervals). 
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TABLE 5. Distribution of Exposure Variables for Leukemia Cases and Control Subjects and Results of Matched Analyses of the 
Risk of Leukemia Using These Variables 

Exposure 
Characteristic 

Start date in industry 

Cases 
(N = 33) 
No.(%) 

Before 1965t 15 (45) 
1965-1975 12 (36) 
1975 or later 6 (18) 

Duration of employment truncated at date of diagnosis (y) 
:5llt 15(19) 
>11-17 18 (23) 
>17-22.5 12 (15) 
>22.5-29 16 (20) 
>29-43 18 (23) 

Exposure to benzene concentrate 

Control Subjects 
(N = 165) 
No.(%) 

63 (38) 
60 (36) 
42 (25) 

77 (19) 
83 (21) 
81 (21) 
80 (20) 
74 (19) 

Not 28 (84) 163 (99) 
Yes 5 (16) 2 (I) 

Exposure intensity group based on highest benzene-exposed job (ppm) 
:50.lt 5 (15) 65 (39) 
>0.1-0.2 9(27) 26(16) 
>0.2-0.4 4 (12) 25 (15) 
>0.4-0.8 4 (12) 11 (7) 
>0.8-1.6 3 (9) 31 (19) 
>1.6-3.2 6(18) 6(4) 
>3.2 2 (6) I (!) 

*Adjusted for cumulative benzene exposure. 
tReference category. 
CI, confidence interval. 

Odds Ratio Adjusted Odds 
(95% CI) Ratio* (95% Cl) 

1.0 1.0 
0.6 (0.2-1.9) 0.9 (0.3-3.2) 
0.4 (0.1-1.6) 1.0 (0.2-4.8) 

1.0 1.0 
1.2 (0.4-4.0) 0. 7 (0.2-2.5) 
1.6 (0.4-5.5) 1.2 (0.3-5.4) 
1.0 (0.2-4.2) 0.4 (0.1-1 .9) 
1.6 (0.4-6.8) 0.4 (0.1-2. 7) 

1.0 1.0 
12.5 (2.4-64) 6.3 (1.1-36) 

1.0 1.0 
3.9 (1.2-12.6) 1.2 (0.3-4.9) 
2.2 (0.5-9.4) 0.5 (0.1-3.2) 
6.6 (1.7-25.7) 0.6 (0.1-6.2) 
1.6 (0.4-6. 7) 0.2 (0.0-2.0) 
5.6 (1.0-31.2) 0.4 (0.0-6.1) 

20.4 ( 1.6-270) 1.6 (0.1-38) 

lymphocytic leukemia because there were only 2 cases. Because 
there were relatively few cases of the leukemia subtypes, it was 
necessary to combine the 3 lowest exposure groups and the 2 
highest exposure groups. The ORs in the combined higher 
exposure group were raised relative to the combined lower 
exposure group for both chronic lymphocytic leukemia and 
acute nonlymphocytic leukemia. 

leum industry and an increased risk of leukemia. However, 
we did not find an association of benzene with multiple 
myeloma or non-Hodgkin lymphoma, which is consistent 
with previous findings.9

•
16

•
17 

DISCUSSION 
These data provide strong evidence for an association 

between previous benzene exposure in the Australian petro-

In our data, leukemia seems to be associated with lower 
cumulative exposures than has been observed in other stud
ies. The estimated cumulative exposures were generally sim
ilar to those reported for other petroleum industry studies, 
except that the most highly exposed subjects in our study had 
cumulative exposures of less than 60 ppm-years, whereas 
those in other studies were as high as 220 ppm-years.27

•
28 
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TABLE 6. Association of Leukemia Subtype With Cumulative Benzene Exposure From 
Conditional Logistic Regression Analysis 

Leukemia Subtype 

Cumulative Lifetime Benzene ANLL CLL CML 
Exposure (ppm-years) (N = 11) (N = 11) (N = 6) 

:54* 1.00 1.00 1.00 
>4-8 0.52 (0.05-5.0) 2.76 (0.42-18.1) 
>8 7.17 (1.27-40.4) 4.52 (0.89-22.9) 0.91 (0.08-9.8) 

*Reference category. 
ANLL, acute nonlymphocytic; CLL, chronic lymphocytic leukemia; CML, chronic mycloid leukemia. 
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It has been suggested that there might be no increased 
risk at cumulative exposures below 200 ppm-years9 or inten
sity of less than 20-60 ppm. 10 In a recent large cohort study 
of Chinese workers, the relative risk for all hematologic 
neoplasms was 2.2 (95% CI = 1.1-4.2) for workers exposed 
to benzene at estimated average levels of less than l 0 ppm. 11 

Over a working lifetime this could amount to a cumulative 
exposure of up to several hundred ppm-years. In our sh1dy, 
the risk of leukemia was increased at all cumulative expo
sures above 1 ppm-year, with a strong exposure-response 
relationship. There was no evidence of a threshold. 

Leukemia risk in the highest exposure catego1y was 98 
(95% CI = 8.8-1090). Combining the 2 highest cumulative 
exposure groups resulted in an OR of 11.3 (95% CI = 
2.85-45.1). This is considerably higher than that observed in 
a similar petroleum industry study,28 which found an OR of 
2.11 (95% CI = 0.01-138) for leukemia for those in the 
highest quartile of exposure (8-220 ppm-years). In a similar 
study,27 the leukemia OR was 2.13 (95% Cl= 0.90-5.03) for 
those in the highest quintile of exposure (>4.79 ppm-years). 
In our study, the matched OR for those exposed to greater 
than 4.79 ppm-years was similar at 2.51 (95% CI = 1.1-5.7). 

We found a positive association of benzene exposure 
with both acute nonlymphocytic leukemia and chronic lym
phocytic leukemia. An association between acute nonlym
phocytic leukemia and benzene exposure has only been 
repmted previously associated with exposures above 200 
ppm-years.9

•
16 In a U.K. petroleum industry study,27 the risk 

of acute myeloid and monocytic leukemia did not increase 
with cumulative exposure when analyzed as a continuous 
variable. However, when categorized into discrete ranges, an 
odds ratio of 2.8 (95% Cl = 0.8-9.4) was found for a 
cumulative exposure of 4.5-45 ppm-years.27 

There are a number of possible confounders, including 
tobacco and alcohol consumption and exposure to other 
chemicals and radiation. Tobacco and alcohol were not con
founding factors in our data. Workers in the petroleum 
industry are exposed to a wide range of aliphatic and aromatic 
hydrocarbons found in or derived from crude oil, ranging 
from natural gas (methane) to bitumen. Known carcinogenic 
exposures include sunlight, polycyclic aromatic hydrocar
bons, asbestos, and possibly other insulating materials. A 
few, mainly older, workers have had exposure to paint, and 
some workers in the lubricating oils operations had exposure 
to white spirit (Stoddard Solvents), methyl ethyl ketone, and 
toluene. The subjects include some laboratmy workers who 
have had exposure to a number of laboratmy reagents. 

In 1996, a comprehensive review of risk factors for 
leukemia concluded that the only confinned occupational risk 
factors were exposure to benzene, radiation, and some retro
viruses. There is some inconsistent evidence for leukemo
genic potential from some pesticides, styrene and butadiene 
manufacturing, and ethylene oxide.29 We consider it unlikely 
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that subjects in this study were occupationally exposed to 
retroviruses or these other agents. Some workers employed in 
the petroleum extraction, refining, and distribution industries 
might have used x-ray machines in laboratories or pipe 
surveys, but the sources are thought to have been well 
shielded. 

The present sh1dy has a number of strengths and weak
nesses. The diagnoses of the cases were well established. 
However, the study was based on a relatively small number79 

of lympho-hematopoietic cancer cases, including 33 leuke
mias of which there were only 11 acute nonlymphocytic 
leukemias and only 11 chronic lymphocytic leukemias. This 
limits the power of the study to detect excess risks for 
leukemia subgroups, particularly when we stratified the sub
jects by exposure. 

The cases were individually age-matched to control 
subjects, and both were drawn from the same prospective 
cohort of workers in the Australian petroleum industry. The 
cohort has been followed for 20 years with serial identifica
tion of jobs, smoking habits, and health status. Only 10 of the 
474 subjects (2%) had incomplete job histories. Relatively 
few subjects in the cohmt (6%) have been lost to follow up,21 

and vital status was confinned every 5 years; thus we are 
confident that the control subjects were selected from an 
appropriate risk set. 

We estimated the subjects' exposure to benzene quan
titatively, on an individual basis, with an algorithm based on 
a substantial body of exposure data from the Australian 
petroleum industry.25 The exposure assessment method was 
validated,26 but there are always uncertainties and unknown 
sources of variation in retrospective exposure assessments. 
Between-worker variation in exposure measurements, result
ing from personal factors such as individual work practice, 
was not included in the exposure assessment reported here. 
There was also uncertainty about exposures before 1975 
because jobs have changed over the years, but the available 
exposure data used in the algorithm postdated this period. 
However, the Health Watch cohort is relatively recent com
pared with other similar studies in which jobs held before 
1920 were assessed.27

•
28 Most of the subjects in our case

control study started work after 1965; the earliest start date 
was 1941. This means that jobs have changed less in our 
study, and for most jobs we were able to identify changes by 
interviewing contempormy coworkers. These individuals did 
not have to recall far distant exposure conditions so their 
uncertainty was reduced. 

For 33 cases, including 13 leukemia cases, the complete 
job histmy was obtained after lympho-hematopoietic cancer 
diagnosis. These cases provided infonnation after diagnosis, 
about jobs held before 1975, thus introducing some potential 
for recall bias. These subjects' job histories were constructed 
from the infonnation gathered during the Health Watch 
surveys and from company records. This was then sent to the 
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subject for cross-checking. However, the high degree of 
agreement with the company records suggests that the self
reported job histories were reasonably accurate and that 
possible recall bias was low. For the remaining 46 cases, 
either the complete job history was obtained before diagnosis 
or only the company job history was used because, for 
example, the case died before the complete job history col
lection. 

All smoking and drinking data were collected before 
individual diagnoses, thereby avoiding a potential cause of 
recall bias. 

The benzene exposure assessments were carried out 
without any knowledge of the names and health status of the 
subjects to reduce observer bias. Detailed information on the 
circumstances of the exposure was provided, usually by 
contemporary work colleagues of the cases and control sub
jects. Some of the site interviewees might have been able to 
identify the subjects but were instructed not to reveal their 
names or health status to the interviewer. This could have 
given rise to some recall bias, because more effort might have 
been applied to recalling the tasks with benzene exposure for 
some of the cases because the connection between benzene 
exposure and lympho-hematopoietic cancer is widely known 
within the industry. However, it is unlikely that the employ
ees would distinguish between the risk from benzene expo
sure of different cancers (leukemia compared with multiple 
myeloma or non-Hodgkin lymphoma). Our finding of in
creased risk specifically for leukemia but not for multiple 
myeloma or non-Hodgkin lymphoma suggests that recall and 
observer biases do not affect our main results. 

It is unlikely that the baseline comparison group was 
incorrectly defined because this was a nested case-control 
study with the control subjects selected from the cohort 
matched by age. However, misclassification of only a few 
cases from the baseline group into higher exposure groups 
could markedly distort the exposure-response relation. Al
though the lowest exposed group contained many office 
workers, there is no strong socioeconomic gradient for risk of 
leukemia and the analysis of smoking suggested that this was 
not a confounding exposure. If there was a strong bias in the 
exposure estimates leading to differential misclassification, 
this should have affected the results for multiple myeloma 
and non-Hodgkin lymphoma as well; the questionnaire re
spondents would have been unlikely to draw a distinction 
between one fonn of hematopoietic cancer or another. The 
fact that no association was found between multiple myelo
ma/non-Hodgkin lymphoma and benzene exposure suggests 
that such bias, if present, was small. We cannot rule out the 
possibility that some bias was introduced in gathering the 
occupational histories, although such an effect would pre
sumably be small. If such bias occurred, it could not explain 
the association between leukemia and benzene exposure that 

576 

Epidemiology • Volume 14, Number 5, September 2003 

was found, but might have exaggerated the exposure-risk 
relationship and hidden a low-exposure threshold. 

In sununary, these data demonstrate a strong associa
tion between benzene exposure and the risk of acute and 
chronic leukemia. No association was found between ben
zene and non-Hodgkin lymphoma or multiple myeloma, or 
between any of the cancers and tobacco or alcohol consump
tion. The excess risk of leukemia was associated with lower 
cumulative exposures and lower exposure intensity than have 
been observed in other studies. We found no evidence of a 
threshold cumulative exposure below which there is no risk. 
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United States Department of State 12.1 

Reference: Keystone XL Project 

Risk Analysis 

Request: 

DOS recently received a copy of a report that questions the validity of the risk analysis for the 
proposed Keystone XL Project that is summarized in the Section 3.13 of the supplemental draft 
EIS and included, in part, in Appendix P to the draft EIS. The undated report, Analysis of 
Frequency, Magnitude and Consequence of Worst-Case Spills From the Proposed Keystone 
XL Pipeline, was prepared by John Stansbury, Ph.D., P.E. DOS requests that Keystone provide a 
response to that rep011, indicating whether or not the author has accurately p011rayed the 
Keystone risk analysis, whether or not the author has made valid assumptions regarding the 
analysis of risk included in the report, and any other responses that would assist DOS in 
comparing the information in the report to the risk analysis submitted by Keystone. Please 
include in your response any clarification to the existing risk assessment that may be required to 
adequately address valid concerns (if any) raised in the Stansbury rep011. 

Response Part A: 

An initial response to the Stansbury Repo11 was previously provided to DOS. That response is 
repeated below. It is supplemented with the information in Response Part B. 

The Stansbury/Friends of the Em1h Rep011 (Stansbury Report) attempts to build on a foundation 
of inaccurate assumptions that lead to greatly exaggerated estimates of releases of oil and 
consequences. This is simply the latest case of opportunistic fear-mongering, dressed up as an 
academic study. 

The Keystone Pipeline system is subject to comprehensive pipeline safety regulation under the 
jurisdiction of the U.S. Depm1ment ofTransp011ation, Pipeline and Hazardous Materials Safety 
Administration (PHMSA). As the recent State Department Supplemental Draft Environmental 
Impact Statement (SD EIS) recognizes, PHMSA is responsible for protecting the American 
public and the environment by ensuring the safe and secure movement of hazardous materials to 
industry and consumers by all transportation modes, including pipelines. To protect the public 
and environmental resources, Keystone is required to construct, operate, maintain, inspect, and 
monitor the pipeline in compliance with the PHMSA regulations at 49 CFR Part 195, as well as 
relevant industry standards and codes. These regulations specify pipeline material and 
qualification standards, minimum design requirements, required measures to protect the pipeline 
from internal, external corrosion, and many other aspects of safe operation. 

Above and beyond the PHMSA regulations, Keystone has agreed to comply with 57 additional 
Special Conditions developed by PHMSA for the Keystone XL Project. Keystone has agreed to 
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incorporate these conditions into its design and construction, and its manual for operations, 
maintenance, and emergencies required by 49 CFR 195.402. These 57 Special Conditions are 
attached as Appendix C to the SDEIS. 

PHMSA and the State Depaitment took these 57 Special Conditions into account in the SD EIS. 
It is significant to note the finding in the SD EIS with respect to these conditions: 

Incorporation of those conditions would result in a Project that would have a degree of safety 
over any other typically constructed domestic oil pipeline system under current code and a 
degree of safety along the entire length of the pipeline system similar to that which is required in 
High Consequence Areas (HCAs) as defined in 49 CFR 195.450. (SDEIS p. 2-9) 

Based on an initial review, below are some of the major mistakes and misrepresentations in the 
Stansbury Report. 

1. Stansbury Report Mistake: "River crossings are especially vulnerable," going on to 
describe "the pipeline is more susceptible to corrosion because it is below ground and 
pressures are relatively high." 

The Facts: Keystone XL Pipeline is not vulnerable at river crossings; document referenced 
in report does not suggest it is. 

Background: The Summary report states (p. 2) that that "River crossings are especially 
vulnerable," going on to describe that here "the pipeline is more susceptible to corrosion because 
it is below ground and pressures are relatively high." 

In the corresponding section of Professor Stansbury's full rep01t, headed "Most Likely Spill 
Locations" (p. 6), the author states that adjacent to rivers, "the pipeline is susceptible to high 
rates of corrosion because it is below ground (DNV, 2006)." (Note that there is no reference in 
this section of the repo1t to the additional claim in the Summary that at river crossings "pressures 
are relatively high.") 

Nowhere in the 2006 DNV document cited is there any suggestion that buried pipe at river 
crossings is more vulnerable to corrosion than any other po1tion of the buried pipeline. Nor is 
there any suppo1t for the statement in the summary about relative operating pressure at river 
crossings increasing susceptibility to corrosion. 

The only statement in the DNV report remotely related to this unfounded asse1tion is this: "The 
Keystone Pipeline is being designed to consist entirely of below ground pipe except within Pump 
Station fence lines. Sections of the pipeline below ground were considered to be more likely to 
incur corrosion than above ground sections." 

Further, the statement in the DNV report was made within a section that highlights special 
measures Keystone will employ to eliminate risk of external corrosion. Keystone employs an 
approach to corrosion protection that has virtually eliminated failure due to external corrosion in 
the 30-plus years it has been in use. It includes fusion bond epoxy coating (FBE) coupled with 
active cathodic protection, which places a small currei1t on the pipe preventing loss of metal due 
to corrosion. Keystone also will be inspected more frequently than standard regulations require, 
to ensure the effectiveness of this system. 
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Relative to other failure modes at river crossings, such as flooding or increased river flows 
scouring the river bottom or banks and exposing the pipe and making it vulnerable to damage or 
breakage, Keystone will utilize the horizontal directional drill (HDD) crossing method that 
places the pipe 25 feet or more below the river bottom at locations where scour is considered a 
potential threat. Other measures at river crossings further reduce the likelihood of failure. For 
instance, each of the river crossings mentioned in the report (Yellowstone, Missouri, Platte) will 
be installed using the HDD method and will utilize heavy-walled pipe with sacrificial abrasion
resistant coating applied over the FBE to fmiher ensure the protective capability of the coating. 
These measures make these locations among the least likely for a release on the entire pipeline. 

2. Stansbury Report Mistake: The report incorrectly asserts that TransCanada ignored 
23% of statistical pipeline failures (pp. 1, 4). 

The Facts: TransCanada's analysis accurately represents historical data and does not 
overlook 23% of incidents as claimed 

Background: The report incorrectly asserts that TransCanada ignored 23% of statistical pipeline 
failures (pp. 1, 4). In part because the PHMSA data does not identify the cause for 23% of 
pipeline incidents, TransCanada used a more detailed assessment of causes of historical pipeline 
incidents, evaluating Keystone against each of these threats to establish an accurate risk profile. 
The applicable threats to the pipeline were determined using established pipeline industry 
standards ASME B31.8S and API 1160. This fact was noted within the DNV rep01i itself: 

"It should be noted that the factors are similar but not identical to the U.S. Department of 
Transpo1iation Office of Pipeline Safety (OPS) categories of failure (e.g., third patty 
harm)." (DNV 2006, p. 3) 

3. Stansbury Report Mistake: TransCanada "arbitrarily assigned a drain-down factor" for 
the pipeline 

The Facts: TransCanada estimates of volume released - arbitrarily adjusted in the 
Stansbury Report - use results of a detailed study prepared by the California Fire Marshal 

In calculating how much oil might be released from a pipeline after it is secured and isolated, the 
author claims TransCanada "arbitrarily assigned a drain-down factor" for the pipeline (p. 9). Not 
noted, however, is that TransCanada's methodology reflects not TransCanada's judgment but 
rather the results of an independent assessment by the California Fire Marshal in its role as a 
regulator in California. The report is well known and respected among pipeline regulators and 
risk assessors. After labeling use of the California Fire Marshal figure for retained volume 
"arbitrary," it is ironic that the author goes on to say the factor "is likely too high" and cuts it in 
half with no further justification. 

4. Stansbury Report Mistake: TransCanada's adjustment to risk factors are arbitrary and 
improper 

The Facts: TransCanada adjustments to risk factors are consistent with industry 
experience 
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Background: The Summary report states that "TransCanada arbitrarily and improperly adjusted 
spill factors" (p. 1). The full report written by Professor Stansbury is less strident, suggesting the 
adjustments are "probably not appropriate" (p. 4). 

The majority of pipeline infrastructure in North America was constructed many decades ago at a 
time when the materials, coating systems, and ongoing inspection capabilities that will be used 
for Keystone XL were not available. Studies show the benefits of these technologies in reducing 
pipeline incidents. For instance (as described in para. #1 above), the corrosion protection 
Keystone uses has virtually eliminated external corrosion as a cause of failure. Approximately 
two thirds of the pipelines in the US were constructed prior to 1970. It is therefore entirely 
appropriate to use an incident frequency for Keystone XL that is derived from pipelines of its 
class. To do otherwise would be like trying to estimate the gas mileage of a 2011 model car by 
using the average gas mileage of all cars built since the I 920s. 

This is corroborated by observations included in the SDEIS, including: 

"It is likely that both incident frequency analyses tend to overestimate the likely spill 
frequency of the proposed Project since both analyses rely on data that include incidents 
on older pipelines that would not be operated under the Project-specific Special 
Conditions developed by PHMSA and incorporated into the design, construction, 
operations, and maintenance plans for the proposed Project." (SDEIS, p. 3-98) 

Examples of measures taken by TransCanada to reduce risk on Keystone include: 

• External corrosion - Keystone employs an approach to corrosion protection that has 
virtually eliminated failure due to external corrosion in the 30-plus years it has been in 
use. It includes fusion bond epoxy coating and active cathodic protection, which places a 
small current on the pipe preventing loss of metal due to corrosion. Keystone has agreed 
to a special regulatory condition requiring the pipeline to be internally inspected with an 
instrumented device that monitors the pipe wall for anomalies. Any wall degradation due 
to corrosion would be detected and addressed prior to failure. (These requirements are 
covered by several PHMSA Special Conditions, including #9, 10, 11, 33, 35-39, 42, 53.) 

• External impact - Keystone will be buried at a deeper depth to minimize risk of external 
impact. In addition, pipe walls will exhibit greater puncture resistance and fracture 
control properties. Keystone will take additional steps to minimize risk of accidental 
excavation damage. (Required by PHMSA Special Conditions #7, 19, 40, 41, 48, 53, 
54). 

• Internal corrosion - Limit sediment and water content of oil shipped to 0.5%. Run 
cleaning tools twice per year in the first year and as necessary based on integrity analysis. 
Implement a crude oil monitoring and sampling program to ensure products transported 
meet specifications. Perform internal inspections at increased frequency. (Required by 
PHMSA Special Conditions #33, 34, 42, 53) 

• Mechanical defect - enhanced material requirements and QA/QC program as described 
in PHMSA Special Conditions #1, 2, 4, 5, 6, 8, 12, 22. 

5. Stansbury Report Mistake: The report erroneously relies on disproven assumptions on 
corrosivity of oil to be shipped. 
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The Facts: Independent analysis of oil sands derived crude oils has conclusively 
demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to steel. 

Background: The Stansbury Report states Keystone is subject to higher failure rates due to 
corrosivity of oil to be shipped (p. 5). Independent analysis of oil sands derived crude oils has 
conclusively demonstrated that, below 450 degrees Fahrenheit, these oils are not corrosive to 
steel. The maximum operating temperature anywhere in the pipeline is 150 degrees. 
(Supplemental Draft EIS, Keystone XL, p. 3-112.) A recent independent assessment of crude oil 
quality by the firm Crude Quality Inc., including corrosion potential, has been completed and 
provided to the U.S. Department of State suppo1ting these findings. 

Keystone XL will ship a wide variety of crude oil types including conventional oil, shale oil, 
paitially upgraded synthetic oil and oil sands derived bitumen blends. None of these crude types 
create a risk of destroying the pipeline from within and causing leaks. Fmthermore these 
products have shipped and are currently being shipped across to the US via other cross-border 
pipelines from Canada. It would be an uneconomic business proposition to spend $13 billion 
dollars constructing a pipeline system that would be destroyed by the product it transported. 

6. Stansbury Report Mistake: The erroneously states that abrasive sediment in the crude 
oil will cause higher failure rates 

The Facts: The oil that will be shipped on Keystone XL "shall have no physical or 
chemical characteristics" that would damage or harm the pipeline. 

Background: Repmt states Keystone is subject to higher failure rates due to abrasive sediment (p. 
5). However, as clarified in the SD EIS, oil transported by Keystone must meet strict limits for 
sediment and water. (SDEIS, p. 3-116) 

Special Condition 34 (see Appendix C of this SD EIS) addresses the sediment and water 
content of the crude oil that would be transported by the proposed Project and states the 
following: 

"Internal Corrosion: Keystone shall limit basic sediment and water (BS& W) to 0.5% by 
volume and report BS&W testing results to PHMSA in the annual report." 

The FERC-approved tariff for transpo1t of oil on the Keystone Pipeline system also requires that 
all oil to be shipped: 

"shall have no physical or chemical characteristics that may render such Petroleum not 
readily transportable by Carrier or that may materially affect the quality of other 
Petroleum transported by Carrier or that may otherwise cause disadvantage or harm to 
Carrier or the Pipeline System, or otherwise impair Carrier's ability to provide service on 
the Pipeline System." (SDEIS, Pp. 3-116.) 

7. Stansbury Report Mistake: The report erroneously states bitumen will sink, therefore 
"posing significant threat" to water resources. 

The Facts: The gravity of crude oils that Keystone XL would transport are less than the 
specific gravity of water. 
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Background: The report states bitumen will sink "posing significant threat" (p. 19). This issue 
was addressed in the SDEIS, which includes the following summary statement: "the specific 
gravity of the crude oils that would be transported on the proposed pipeline ranges from about 
0.85 to about 0.93, less than the specific gravity of water. These crude oils, therefore, tend to 
float on water ... " (SD EIS, p. 3-104) 

8. Stansbury Report Mistake: The report suggests that TransCanada will cut back on 
monitoring and maintenance activities, causing increased risk in out years (p. 5). 

The Facts: Contrary to a suggestion in the Stansbury Report, monitoring and maintenance 
activities are a required condition of operation. 

Background: The report suggests that TransCanada will cut back on monitoring and maintenance 
activities, causing increased risk in out years (p. 5). However, the U.S. Code of Federal 
Regulations requires many of these monitoring and maintenance activities as a condition of 
operation. TransCanada has voluntarily committed to 57 additional safety conditions that include 
other enhanced monitoring and maintenance activities as additional conditions of continued 
operation. For instance, in order to continue to operate the pipeline, TransCanada must perform 
in-line inspection with a smart pig, conduct corrosion surveys, and perform valve inspections at 
specified frequencies - these are not discretionary. Additionally, TransCanada must meet 
requirements to patrol the pipeline every two weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into TransCanada's 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for TransCanada to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that TransCanada or another owner would 
increase their liability in order to reduce an expense that is flowed through to the customers. 

9. Stansbury Report Mistake: The report tries to suggest that because shutdown on another 
pipeline took longer, that increased time should be the new assumption on shutdown time 
(pp. 7-8). 

The Facts: Keystone time to shutdown has been accurately reflected in the risk analysis 
and is consistent with Keystone's record. 

Background: The Stansbury Repott tries to suggest that because shutdown on another pipeline 
took longer, that increased time should be the new assumption on shutdown time (pp. 7-8). 
However, the author does not address the differences in system design and operating 
characteristics (including single phase flow in Keystone) that make it unlikely that Keystone 
operators would experience difficulty detecting a leak. Nor does he address industry information 
sharing nor the workings of the regulatory regime, both of which serve to make it unlikely that 
operational errors are repeated. 
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Additionally, Keystone has establis_hed its own operating record that demonstrates prompt 
reaction time to any indication of an operational abnormality. These response records align with 
the shut down times conveyed in Keystone's risk assessment report. 

10. Stansbury Report Mistake: Report suggests that enough oil to fill a dozen Olympic
sized swimming pools would go unnoticed in Nebraska (pp. 8-9). 

The Facts: The report's calculation of spill volume for "small" leak not credible because it 
ignores leak detection methodologies designed to detect low rate or seepage releases. 

Background: In assessing worst-case "small" leak, the Stansbury Report suggests that enough oil 
to fill a dozen Olympic-sized swimming pools would go unnoticed in Nebraska (pp. 8-9). The 
estimate ignores leak detection methodologies designed to detect low rate or seepage releases. 

As described below, Keystone will utilize a state-of-the-mi integrated leak detection system. 
Real-time computerized systems can detect spills as low as 1.5 percent of throughput. In addition 
to surveillance and public reporting, Keystone will implement a non-real time mass balance 
procedure that can detect spills below 1.5 percent of throughput. 

Data from actual pipeline spills demonstrate that substantial leaks do not go undetected for long 
periods of time. Further, those spills that are not detected within the first 48 hours are typically 
relatively small. PHMSA records (2001 through 2009) indicate that the majority of spills are 3 
barrels or less, regardless of detection time. These data also indicate that the majority of spills are 
detected within 2 hours, with 99 percent of spills detected within 7 days. Of those spills not 
detected within the first 48 hours, the majority of spills were 15 barrels or less. In summary, 
large spills do not remain undetected for substantial periods of time. 

The pipeline will be monitored 24 hours a day, 365 days a year from the Operations Control 
Center (OCC) using a sophisticated Supervisory Control and Data Acquisition (SCADA) system. 
Keystone will utilize multiple leak detection methods and systems that are overlapping in nature 
and progress through a series of leak detection thresholds. The leak detection methods are as 
follows: 

• Remote monitoring performed by the OCC Operator 24/7, which consists of monitoring 
pressure and flow data received from pump stations and valve sites fed back to the OCC by 
the Keystone SCADA system. Remote monitoring is typically able to detect leaks down to 
approximately 25 to 30 percent of the pipeline flow rate. 

• Software-based volume balance systems that monitor receipt and delivery volumes. These 
systems are typically able to detect leaks down to approximately 5 percent of the pipeline 
flow rate. 

• Computational Pipeline Monitoring or model-based leak detection systems that break the 
pipeline into smaller segments and monitor each of these segments on a mass balance basis. 
These systems are typically capable of detecting leaks down to a level of approximately 1.5 
to 2 percent of pipeline flow rate. 

• Computer-based, non-real time accumulated gain/(loss) volume trending to assist in 
identifying low rate or seepage releases below the 1.5 to 2 percent by volume detection 
thresholds. 
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• Direct observation methods, which include aerial patrols, ground patrols, and public and 
landowner awareness programs that are designed to encourage and facilitate the reporting of 
suspected leaks and events that may suggest a threat to the integrity of the pipeline. 

The leak detection system will be configured in a manner capable of sending an alarm to the 
OCC operators through the SCADA system and also will provide the OCC operators with a 
comprehensive assortment of display screens for incident analysis and investigation. In addition, 
there will be a redundant, stand-by OCC to be used in case of emergency. 

Keystone also will have an Emergency Response Program (ERP) in place to respond to 
incidents. The ERP contains comprehensive manuals, detailed training plans, equipment 
requirements, resources plans, auditing, change management and continuous improvement 
processes. The Integrity Management Program (IMP) ( 49 CFR Pait 195) and ERP will ensure 
Keystone will operate the pipeline in an environmentally responsible manner. 

11. Stansbury Report Mistake: The report relies on old claims that the emergency response 
plan for the Keystone pipeline is "woefully inadequate" 

The Facts: Contrary to assumptions in the Stansbury Report, the Emergency Response 
capability for Keystone XL will meet or exceed requirements. 

Background: The Stansbury Report relies on old claims that the emergency response plan for the 
Keystone pipeline is "woefully inadequate" (p. 3). This accusation was one of the items reviewed 
in detail in the SDEIS. 

"DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by 
Keystone and would also review a final ERP to be prepared by Keystone prior to startup of 
the proposed pipeline ... Based on its review of the hypothetical spill response scenarios, DOS 
considers Keystone's response plan11ing appropriate and co11sistent with accepted industry 
practice." (SDEIS, p. 3-122) 

12. Stansbury Report Mistake: The report includes exaggerated descriptions of the 
physical extent of benzene. 

The Facts: The exaggerated claims in the report do not match any oil-spill experience; 
furthermore, benzene concentration in heavy oils Keystone will ship will be comparable to 
other heavy oils shipped in the U.S. and will generally be lower than benzene 
concentrations in lighter crudes and in refined products such as gasoline. 

Background: Benzene concentration in heavy oils Keystone will ship will be comparable to other 
heavy oils shipped in the U.S. and will generally be lower than benzene concentrations in lighter 
crudes and in refined products such as gasoline. 

Exaggerated descriptions of the physical extent of benzene in the Stansbury Report do not match 
any oil-spill experience. The rep01t does not account for emergency response containment and 
cleanup. Examination of field data collected from large spills into rivers typically finds that 
concentrations of petroleum products become undetectable in a relatively short distance. For 
example, following a 10,000 barrel release in 2007 from the Coffeeville Refinery in Kansas into 
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the Verdigris River, the EPA found no detectable concentrations of petroleum products 20 miles 
downstream at the closest municipal water intake. 

13. Stansbury Report Mistake: The report claims TransCanada cut risk factors in half. 

The Facts: TransCanada reflected the results of industry studies regarding failure rates of 
pipe-related equipment, reducing by half the anticipated number of failures caused by 
material defect. 

Background: TransCanada assumed that its pipeline would be constructed so well that it would 
have only half as many spills as the other pipelines in service. Not true. Rather, TransCanada 
reflected the results of industry studies regarding failure rates of pipe-related equipment, 
reducing by half the anticipated number of failures caused by material defect. As discussed in 
item #4 above, measures that help achieve this performance are among the Special Conditions to 
which TransCanada has committed. 

Here is the statement from the TransCanada report: "A 50% reduction in the DOT leak 
frequency was applied to the entire pipeline because the U.S. po1iion of Keystone will consist of 
entirely new materials and be constructed to meet current standards and requirements." [DNV 
section 4.1.13, page 13] The statement occurs in a section of the DNV repo1i describing risk of 
mechanical defect. Other risk factors are adjusted differently for above-ground and below
ground pipe for instance. 

14. Stansbury Report Mistake: The report suggests that releases at pump station sites 
means Keystone is using less reliable pipe. 

The Facts: None of the pump stations releases involved pipeline. 

Background: As of June 1, 2011 the Keystone pipeline has experienced fomieen (14) unplanned 
releases within pump/valve station facility sites, averaging 5-10 barrels each. None of these 
incidents have involved the pipeline itself. In two cases, nearby adjacent property was affected 
by spray. Otherwise, the incidents were contained within our pump station facility. Equipment 
has been replaced or repaired. In all cases, Keystone's operation personnel immediately isolate 
all releases and clean up and remediation efforts are employed to mitigate any effects to the 
environment. 

TransCanada meets or exceeds all notification and reporting requirements to all state and federal 
agencies. In many of these cases, repo1iing to regulatory agencies was not required due to the 
very small volume of these spills. TransCanada has taken a transparent approach to proactively 
report all spills to federal and state regulatory agencies regardless of volume. Pipelines are the 
safest method of transporting the oil that must be moved throughout No1ih America everyday. 
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Response Part B: 

Mr. Stansbury's document referenced above (the "Stansbury document") does not accurately 
p011ray the Keystone XL risk analysis nor has the author made valid assumptions regarding the 
analysis of the risk included in the report. The discussion below responds to a number of the 
points in the Stansbury document. 

1. The expected frequency of spills from the Keystone XL pipeline reported by 
TransCanada (DNV, 2006) was evaluated. (Stansbury document at p. 1) 

The DNV 2006 report is irrelevant to Keystone XL Pipeline Project. The Keystone XL pipeline 
project risk assessment is based on the Keystone XL Pipeline Project Risk and Consequence 
Analysis, April 2009 and Appendix A, Analysis oflncident Frequencies and Spill Volumes For 
Environmental Consequence Estimation for the Keystone XL Project, July 2009. 

2. The worst-case spill volume at the Hardisty Pumping Station was understated. 
(Stansbury document at pp. 1-2). 

The Hardisty Pump Station in Albe11a Canada is irrelevant to the risk assessment for the US 
segments of the Keystone XL pipeline Project. Moreover, Stansbury's worst case spill estimates 
are based on incorrect assumptions, as discussed below. 

3. The primary difference between Stansbury's worst-case spill estimate and 
TransCanada's estimate is that TransCanada used 19 minutes as the expected time 
to shut down pumps and close valves (TransCanada states that it expects the time to 
be 11.5 minutes for the Keystone XL pipeline). Since a very similar pipeline recently 
experienced a spill (the Enbridge spill), and the time to finally shut down the 
pipeline was approximately 12 hours, and during those 12 hours the pipeline pumps 
were operated for at least 2 hours, the assumption of 19 minutes or 11.5 minutes is 
not appropriate for the shut-down time for the worst-case spill analysis. Therefore, 
worst-case spill volumes are likely to be significantly larger than those estimated by 
TransCanada. (Stansbury document at p. 2). 

Keystone has calculated the worst case discharge for the Keystone XL pipeline in accordance 
with 49 CFR § 194.105. The Stansbury document suggests that, because shutdown on another 
pipeline took longer, that increased time should be used as the shut down time assumption for the 
Keystone XL Pipeline. Enbridge's pipeline was constructed in 1969, while Keystone XL 
Pipeline would be constructed in 2013 and would meet or exceed current regulatory standards. 
Stansbury does not take into account that the Keystone XL pipeline is instrumented at every 
mainline valve and has new, state-of-the-art leak detection and operator training systems that 
make it unlikely that Keystone operators would experience difficulty detecting a leak. Nor does 
he address industry information sharing or the workings of the regulatory regime, both of which 
serve to make it unlikely that alleged operational errors on one system are repeated on another 
system. 

In addition, Stansbury does not take into account the fact that worst case discharge is determined 
using a large leak that would be instantaneously detected by the leak detection system resulting 
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in immediate initiation of shut down procedures. Nonetheless, in determining its worst case 
discharge, Keystone conservatively assumed a 10 minute leak confirmation period, plus nine 
minutes for pump shut down, plus a 3 minute valve closure time, for a total of 22 minutes. 
While detection of a smaller leak may require additional confirmation time, the small volumes 
released would not approach worst case discharge amounts. For example, Keystone has 
experienced small leaks at pumping stations on the Keystone system which resulted in releases 
that were a fraction of the estimated worst case discharge volumes. Despite being small, these 
leaks were identified by the sophisticated leak detection system employed on the pipeline and 
appropriate shut down and isolation measures were initiated. It is incorrect to assume that there 
could be a small leak that remained undetected for an extended period of time, as suggested by 
the Stansbury document (see item 15). 

4. The worst-case spill volumes from the Keystone XL pipeline for the Missouri, 
Yellowstone, and Platte River crossings were estimated by Stansbury to be 122,867 
Bbl, 165,416 Bbl, and 140,950 Bbl, respectively. In addition, this analysis estimated 
the worst-case spill for a subsurface release to groundwater in the Sandhills region 
of Nebraska to be 189,000 Bbl (7.9 million gallons). (Stansbury document at p. 2) 

The results of the risk assessment for the Keystone XL pipeline are conservative as the largest 
spill on record from PHMSA records January 1986-May 2011 for large diameter hazardous 
liquid pipelines is 40,500 bbl of which 39,800 bbl was recovered. This occurred in 1991 on a 
1967 vintage pipeline. Spills greater than 10,000 barrels are uncommon, occurring in less than 
0.5 percent of all pipeline spills. Moreover, these estimates are based on incorrect assumptions 
regarding shut down times as outlined in response #3. 

5. The benzene released by the worst-case spill to groundwater in the Sand hills region of 
Nebraska would be sufficient to contaminate 4.9 billion gallons of water at 
concentrations exceeding the safe drinking water levels. This water could form a plume 
40 feet thick by 500 feet wide by 15 miles long. (Stansbury document at p. 2). 

This claim is unsupported and disproven by field studies throughout the US. The groundwater 
study (Newell and Connor 1998) summarized the results of four nationwide studies looking at 
groundwater plumes from petroleum hydrocarbon contamination. The results show that 
movement of petroleum hydrocarbons is very limited, moving 312 feet or less in 90 percent of 
the cases. The longest plume was approximately 3,000 feet in length. Therefore, if groundwater 
became contaminated, any plume would be expected to result in highly localized effects. 
Importantly, these limits tend to be independent of the rate of groundwater flow. In contrast, 
chemicals used in some industries and in agriculture, such as commercial solvents, such as PCE 
and TCE (tetrachloroethylene and trichloroethylene) and pesticides, have much greater mobility 
and environmental persistence when compared to oil and its constituents. 

6. Among numerous toxic chemicals that would be released in a spill, the benzene (a 
human carcinogen) released from the worst-case spill into a major river (e.g., 
Missouri River) could contaminate enough water to form a plume that could extend 
more than 450 miles. (Stansbury document at p. 2). 
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This claim is unsubstantiated and unsupported by actual field data nor does it account for 
containment and cleanup eff011s by the operator that limit downstream movement. For example, 
reference is made to a 2007 spill in Coffeeville, Kansas that released 10,000 barrels of crude oil 
that entered the flooded Verdigris River. EPA samples reported concentration of petroleum 
hydrocarbons to be below threshold limits at the first sampling point, located 12 downstream 
miles of the spill. In 2010, an Enbridge 30-inch pipeline ruptured, spilling 19,500 barrels of oil 
into the Kalamazoo River system. EPA rep011s that contamination has been documented in 
localized areas within 30 miles of the spill's origin. These case studies demonstrate that actual 
contamination is much less than implied by the Stansbury document. 

7. In estimating spill frequency, TransCanada ignored historical data for spills from 
"other causes," which represents 23 percent of historical pipeline spills (Stansbury 
document at pp. 1, 4). 

In its failure frequency analysis, Keystone determined the threats that are actually applicable to 
the Keystone XL Pipeline by using the combination of variables in the Time Dependant, Stable 
and Time Independent categories listed in API 1160 1 Section 8.7 and ASME B31.8S2

• Keystone 
then used the PHMSA data for the categories of incidents that are associated with these 
applicable threats. The data for "other causes" was not used because it consists of offshore 
pipeline, offshore platform, tankage, tankage piping and terminal incidents data that are not 
applicable to the Keystone XL Pipeline. Keystone did however consider spills at pumping and 
metering facilities in its analysis of the PHMSA data. 

8. In estimating spill frequency, TransCanada assumed that its pipeline would be 
constructed so well that it would have only half as many spills as the other pipelines 
in service. The modification of historical pipeline incident data to account for 
modern pipeline materials and methods is "probably" overstated for this pipeline. 
(Stansbury document at pp. 1, 46) 

The modification for modern materials and methods is fully appropriate. Based on the PHMSA 
incident database January I, 1986 through May 31, 2011, there are two (2) reported pipeline 
incidents on crude oil pipelines manufactured with high strength steel (grade X70 or higher) due 
to pipeline material and methods. This first incident was due to external corrosion and occurred 
in 1998 on a 1985 vintage pipeline. The second pipeline incident occurred on small diameter 
(24inch or less). This incident was due to electric flash resistance (ERW) pipe seam failure and 
occurred in 2007 on a 1998 vintage pipeline. As Keystone is a large diameter pipeline, its 
method of joining is double submerged arc welding (DSAW) and not ERW. Fmihermore, 

1 Section 8.7. In any risk assessment method, the likelihood is estimated using a combination of variables in 
categories such as the following: external corrosion, internal corrosion, third party damage, ground movement, 
design and materials, system operations 
2 ASME B3 l.8 S "Managing System Integrity of Gas Pipelines" classifies threats to pipelines in terms of "Time 
Dependant", "Stable" and "Time Independent" categories. Time Dependant Threats include: External Corrosion; 
Internal Corrosion; and, Stress Corrosion Cracking (SCC); Stable Threats include: Manufacturing Defects; Welding 
I Fabrication Related; and, Equipment Failure; and, Time Independent Threats include: Third Party I Mechanical 
Damage; Incorrect Operations, and Weather and Outside Force (Geotechnical) 
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Keystone will protect the pipeline from external corrosion using fusion bond epoxy (FBE) and a 
cathodic protection (CP) system. The combination of FBE and CP has proven effective over 
TransCanada's 30+ years of operation. Keystone implements 24 hour surveillance during pipe 
manufacturing and coating. Lastly, Keystone has implemented nine (9) specific material related 
conditions and will implement thirteen (13) construction method related conditions set fo1ih in 
the PHMSA Special Condition Appendix C, over and above current regulations, which would 
ensure that Keystone is the safest pipeline built in North America, thereby minimizing any 
potential for spills resulting from materials and construction methods. 

In order to establish the pa1iicular incident threats that would apply to the Keystone XL pipeline 
during its operational life, three key points were considered: 

• Keystone XL is a new construction project, developed with the benefit of TransCanada's 
more than 50 years of pipeline construction and operating experience; 

• The pipeline will be constructed and operated in accordance with comprehensive 
regulatory guidelines ( 49 CFR Part 195) and pipeline design standards (ASME B3 l.4), 
and; 

• At the time the risk assessment was prepared, Keystone had applied to PHMSA for a 
Special Permit to allow it to design, construct and operate the pipeline up to 80% of the 
steel pipeline's specified minimum yield strength (SMYS). The Special Permit 
application provided that Keystone would comply with a number of pipeline integrity 
conditions over and above the applicable PHMSA regulations and industry standards. 
This included the 51 conditions from the Special Permit 2006-26617 issued by PHMSA 
to TransCanada for the Keystone Pipeline Project in April 2007. Keystone included these 
conditions in the base design of the Keystone XL Project and recognized their impact in 
modifying historic failure frequency data in preparing the Risk Assessment. Subsequent 
to the completion and submittal of the Keystone XL Project Pipeline Risk Assessment 
and Environmental Consequence Analysis in April 2009, Keystone withdrew the Special 
Permit Application. Nonetheless, PHMSA ultimately developed and recommend that 
Keystone adopt 57 conditions over and above the applicable regulations and industry 
standards and in some cases exceeding the requirements of the 51 conditions listed in the 
Keystone Special Permit 2006-26617. Keystone agreed to adopt these conditions, which 
are set fo1ih in Appendix C of the Supplemental Draft EIS. Accordingly, the design 
assumptions underlying the failure frequency modifications remain conservative. 

Taking these factors into consideration, the applicable threats were determined using both the 
American Society of Mechanical Engineers (ASME) B31.8S Managing System Integrity of Gas 
Pipelines and American Petroleum Institute (API) 1160 Managing System Integrity of 
Hazardous Liquid Pipelines as guidance. These standards outline processes for pipeline operators 
which can be used to assess risks and make decisions about risks in operating pipelines in order 
to reduce both the number of incidents and the adverse effects of errors and incidents. Moreover, 
in view of Keystone's adoption of additional conditions beyond those taken into account during 
preparation of the Risk Assessment, the modifications to historic failure frequency data reflected 
in the 2009 Risk Assessment are actually even more conservative. 
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9. Keystone will operate the pipeline at higher temperatures and pressures and the 
crude oil that will be transported through the Keystone XL pipeline will be more 
corrosive than the conventional crude oil transported in existing pipelines, which 
tends to increase failure frequency. The diluted bitumen to be transported through 
the Keystone XL Pipeline will be significantly more corrosive and abrasive than 
conventional crude oil. (Stansbury document at pp.1, 4-5). 

Keystone has withdrawn its application to operate up to 80% SMYS thereby reducing its 
throughput and operating pressure. PHMSA Special Condition 15 provides that "under no 
circumstances may the pump station discharge temperatures exceed 150° Fahrenheit (°F) without 
sufficient justification that Keystone's long-term operating tests show that the pipe coating will 
withstand the higher operating temperature for long term operations, and approval from the 
appropriate PHMSA region(s)." 

The potential for internal corrosion (IC) to develop during transportation of oil sands derived 
crude oils due to sediment and solids is considered low. The following factors support the 
conclusion that the risk of corrosion from sediments and solids is low: 

• Keystone's tariff specifications group sediments/solids with water content. The tariff 
contains a restriction of 0.5% solids and water by volume. 

• "Solids and water" is comprised mostly of water, with solids typically at 5% of the 
solids/water content (reference www.crudemonitor.ca) 

• Keystone will utilize a number of operating measures that will minimize solids in the 
pipeline: 

o periodic cleaning 

o turbulent flow operating regime 

o sediments are benign at the pipeline's proposed operating temperature (not to 
exceed l 50°F per PHMSA Special Condition 15) 

PHMSA Special Condition 34 requires Keystone to limit basic sediment and water (BS&W) to 
0.5% by volume and repo1t BS&W testing results to PHMSA annually. Keystone must run 
cleaning pigs twice in the first year and as necessary in succeeding years based on the analysis of 
oil constituents, liquid test results, and weight loss coupons in corrosion threat areas. At a 
minimum, in years after the first year, Keystone must run cleaning pigs once per year, at 
intervals not to exceed 15 months. Liquids collected during the pig runs, including BS&W, must 
be sampled, collected, and analyzed and internal corrosion plans must be developed, based on 
lab test results. This mitigation plan will be incorporated in the Keystone XL Integrity 
Management Plan and must be reviewed at least quarterly based upon crude oil quality. 
Keystone will also monitor and implement adjustments for the presence of deleterious crude oil 
stream constituents as per the PHMSA Special Conditions. 

Fmthermore, an independent analysis performed by Crude Quality Inc of oil sands derived crude 
oils has conclusively demonstrated that, below 450 degrees Fahrenheit, the oil sand crude oils are 
not corrosive to steel.3 

In addition, the Energy Resources Conservation Board of Albe1ta issued a statement on February 

3 CAPP Response to US DOS re Keystone XL 
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16, 2011 stating "the ERCB can identify only three spills resulting from internal corrosion 
between 1990 and 2005 (and only eight from 1975 to 2010) [for Albe1ta pipelines]. The resulting 
average failure frequency for the grouping of crude oil pipelines from 1990 to 2005 is thus 0.03 
per 1000 km per year. This is significantly lower than the U.S. rate quoted in [a recent Natural 
Resources Defense Council] study of 0.08 per 1000 km per year."4 The ERCB stated fmther 
that: 

Analysis of pipeline failure statistics in Alberta has not identified any significant 
differences in failure frequency between pipelines handling conventional crude 
versus pipelines carrying crude bitumen, crude oil or synthetic crude oil. Diluent 
by nature is a lower viscosity, higher-vapour pressure solvent. It could then be 
considered to be more "volatile" in its natural state, as it consists of lighter end 
hydrocarbons. However, when blended with bitumen, the resulting blend is a 
"new" product consisting of thinned bitumen that more closely resembles 
conventional crude products. Once mixed with diluent, Di!Bit should behave in 
much the same manner as other crude oils of similar characteristics. In 
conventional oils sands processing, sulphur is removed during processing, as well 
as water (which is a primary concern in regards to corrosivity). The tariff 
specification for the Keystone XL project, for example, is vi1tually the same in 
regards to water content and solids contents as that specified for other heavy oil 
pipelines, thus there is no reason to expect this product to behave in any 
substantially different way than other oil pipelines. It should also be noted that 
pipelines in Alberta have never been safer. In 2009, Alberta posted a record-low 
pipeline failure rate of 1.7 pipeline failures per 1,000 km of pipeline (considering 
all substances), bettering the previous record-low of 2.1 set in both 2008 and 
2007."5 

10. Although pipeline technology has improved, new pipelines are subject to 
proportionately higher stress as companies use this improved technology to 
maximize pumping rates through increases in operational temperatures and 
pressures, rather than to increase safety margins. (Stansbury document at p.5) 

Keystone XL pipeline is design in accordance with 49 CFR § 195. l 06 and ASME B3 l .4. The 
federal regulation limits the pipeline's operating stress to no more than 72% of the pipeline steel 
material's specified minimum yield strength. Operating temperature is addressed in Item 9 
above. 

11. TransCanada relies on "soft" technological improvements which require an on
going commitment to monitoring and maintenance resources and which should not 
be assumed to be constant over the projected service life of the pipeline, and are 

4 ERCB ADDRESSES ST A TEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
5 ERCB ADDRESSES ST A TEMENTS IN NATURAL RESOURCES DEFENSE COUNCIL PIPELINE SAFETY 
REPORT February 16, 2011 
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subject to an ongoing risk of error in judgment during operations. (Stansbury 
document at p.5). 

The PHMSA regulations at 49 CFR Pait 195 require many of these monitoring and maintenance 
activities as a condition of operation. Keystone has voluntarily committed to 57 additional safety 
conditions that include other enhanced monitoring and maintenance activities as additional 
conditions of continued operation. For instance, in order to continue to operate the pipeline, 
Keystone must perform in-line inspections, conduct corrosion and depth of cover surveys, and 
perform valve inspections at specified frequencies - these are not discretionary. Additionally, 
Keystone must patrol the pipeline 26 times per year, at intervals not to exceed three weeks. 

In addition to regulatory requirements, continuing to invest in the safety of the pipeline makes 
sense from a business perspective. Paying for increased maintenance is built into Keystone's 
contracts with its shippers such that variable integrity spending costs are flowed through to the 
shippers. Additionally, the FERC rate allows the uncommitted toll to rise at a greater than 
inflation rate which allows for recovery of maintenance costs. There is therefore no financial 
incentive for Keystone to cut back on monitoring and maintenance and a substantial financial 
penalty associated with leaks in the form of fines, cleanup costs, lawsuits and reputational 
damage. It is therefore not reasonable to suggest that Keystone or another owner would increase 
their liability in order to reduce an expense that is flowed through to the shippers. 

12. The TransCanada spill frequency estimation consistently stated the frequency of spills 
in terms of spills per year per mile. This is a misleading way to state the risk or 
frequency of pipeline spills. Spill frequency estimates averaged per mile can be useful; 
e.g., for extrapolating frequency data across varying pipeline lengths. However, stating 
the spill frequency averaged per mile obfuscates the proper value to consider; i.e., the 
frequency of a spill somewhere along the length of the pipeline. (Stansbury document 
at p. 5). 

Keystone was transparent in its use of statistics, including where and how they were derived, 
how they were applied, and by expressing the potential risk in a variety of ways to promote 
greater understanding and clarity to a broad audience. Spill frequencies are expressed several 
ways throughout the document to facilitate comparison with other pipelines and modes of 
transpo1t, and to promote project-specific understanding. As suggested, spill frequencies 
expressed as an average per mile facilitates comparison with pipelines of various lengths and to 
national averages, which are also expressed in this normalize expression of risk. Within the 
same sentence of expressing the average risk value in terms of incidents/per mile*year (page 3-
2), risk was immediately expressed in terms of risk for the whole pipeline over a 10-year period 
and as an occurrence interval for any single mile of pipe. This provides decision-makers 
multiple opportunities to understand spill risk and how it applies to the project as a whole as well 
as to an individual's piece of prope1ty. The risk assessment addresses risk specifically to the 
project as a whole and by pipeline segment (Table 3-1), providing an estimate of the number of 
spills that could occur over a ten-year period. The risk assessment also uses the spill frequency 
and historical spill volume data to estimate the potential frequency of different sizes of spills 
(Table 3-2). In Section 4 of the risk assessment, these same statistics are used to generate 
estimates of spill frequency and spill volumes in high consequence areas. 
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13. Likely failure points include welds, valve connections, and pumping stations. A 
vulnerable location of special interest along the pipeline system is near the side of a 
major stream where the pipeline is underground but at a relatively shallow depth. 
(Stansbury document at p. 6) 

Keystone is required to conduct non-destructive examination of 100% of the pipeline and pump 
station welds, in addition to a hydrostatic pressure test. (PHMSA Special Conditions 5, 8, 20, 
22). Fmihermore, below-ground mainline valve connections are welded, hydrostatically tested 
and capable of inspection by an in-line inspection tool. Pump station infrastructure undergoes 
regular maintenance and inspection, piping and equipment is contained within property 
boundaries which are contained by berms. 

The Keystone XL pipeline is designed with a minimum depth of cover of 5 feet below the 
bottom of waterbodies including rivers, creeks, streams, ditches and drains for a depth normally 
maintained over a distance of 15 feet on each side of the waterbody measured from the top of the 
defined stream channel. The depth of cover may be modified by Keystone based on site specific 
conditions and in accordance with PHMSA Special Condition 19. The Project's depth of cover 
meets or exceeds the federal requirements noted in 49 CFR 195.248 of 48 inches for inland 
bodies of water with a width of at least 100 feet from high water mark to high water mark (for 
normal excavation, 18 inches for rock excavation) and PHMSA Special Condition 19 on depth of 
cover. Fmihermore, major rivers will be crossed employing the horizontal directional drill 
(HDD) method, whereby the pipe is installed at a minimum of 25 feet below the river bottom 
there by eliminating the potential for scour to affect the pipeline's integrity. HDD crossings also 
utilize pipe with a wall thickness of 0.748 inch and abrasion resistant coating applied over top of 
the FBE coating. 

14. An independent assessment of TransCanada's emergency response plans for the 
previously built Keystone pipeline was done by Plains Justice (Blackburn, 2010). 
This document clearly shows that the emergency response plan for the Keystone 
pipeline is woefully inadequate. Considering that the proposed Keystone XL 
pipeline will cross much more remote areas (e.g., central Montana, Sandhills region 
of Nebraska) than was crossed by the Keystone pipeline, there is little reason to 
believe that the emergency response plan for Keystone XL will be adequate. 
(Stansbury document at p. 3). 

Keystone is required to submit its emergency response plan for the Keystone XL Pipeline to 
PHMSA prior to commencing operations for review and approval. As contrasted with Mr. 
Blackburn, a lawyer, PHMSA has the professional and technical expertise necessary to perform 
an independent and competent evaluation of the adequacy of the emergency response plan. 
Significantly, as part of the State Department's review of the project, Keystone was required to 
present its approach to oil spill response under specific hypothetical spill scenarios to DOS and 
PHMSA. Based on review of Keystone's response to those scenarios, the SD EIS found that 
Keystone's spill response planning "is appropriate and consistent with accepted industry 
practice" (SDEIS p. 3-122). Moreover, PHMSA has already approved the emergency response 
plan for the Keystone Pipeline, which will serve as the model for the Keystone XL plan. 
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15. Slow leaks could go undetected for long periods of time (e.g., up to 90 days). (Stansbury 
document at p. 7). 

While it is theoretically possible for a very small leak to go undetected for 90 days, data from 
actual pipeline spills demonstrate that substantial leaks do not go undetected for long periods of 
time. Further, those spills that are not detected within the first 48 hours are typically relatively 
small. PHMSA records (2001 through 2009) indicate that the majority of spills are detected 
within 2 hours, with 99 percent of spills detected within 7 days. Additionally given that leak 
occurrence is effectively random in time, if a patrol interval is fixed and equal to 14 days, then 
the time between leak occurrence and leak detection by patrol will range between zero days and 
14 days, and it can be shown through modelling that the average time between occurrence and 
detection will be equal to one-half of the patrol interval (i.e., 7 days). Furthermore, in the context 
of a risk assessment, where the consequences are weighted by probability of occurrence, the 
average time is the most appropriate value. 

16. Stansbury assumes a shut-down time of 2 hours for the worst case spill for a large 
leak (Stansbury document at p. 8). 

See response to Item number 3. 

17. Given the difficulty for operators to distinguish between an actual leak and other 
pressure fluctuations, the shut-down time for the worst case volume calculation should 
not be considered to be less than 30 minutes for a leak greater than 50 percent of the 
pumping rate. This would allow for 4 alarms (5 minutes apart) to be evaluated by 
operators and a 5th alarm to cause the decision to shut down. In addition, the time to 
shut down the systems (pumps and valves) would require another 5 minutes. The 
assumption that the decision to shut the pipeline down can be made after a single alarm, 
as is suggested by TransCanada (ERP, 2009) is unreasonable considering the difficulty 
in distinguishing between a leak and a pressure anomaly. (Stansbury report at p. 8). 

As noted in Item 3, Keystone allows for a 10 minute trouble shoot period to confirm if the alarm 
is a pressure fluctuation or an actual leak. This time period was incorporated into Keystone XL's 
worst case discharge calculation in addition to the pump shut down time and valve closure time. 
Keystone's OCC procedures require immediate shut down of the pipeline upon expiry of the 
trouble shoot period. Stansbury's assumption of four alarms, five minutes apart, bears no 
relationship to Keystone operating policies and procedures. 

18. TransCanada arbitrarily assigned a drain-down factor of 0.6 for the Keystone XL 
pipeline. Stansbury report at p. 9). 

Keystone's methodology incorporates the results of an independent assessment by the California 
Fire Marshal in its role as a regulator in California. The report is well known and respected 
among pipeline industry, regulators and risk assessors. 

19. Stansbury assumes a discovery and shut-down time of 14 days, which corresponds to 
the time between pipeline inspections. Stansbury document at p. 20). 
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See response to Item number 15. 

20. Stansbury states his estimated worst case releases for major river crossings (i) 
Missouri R.; (ii) Yellowstone R.; (ii) Platte R. (Stansbury document at pp.10-13). 

Stansbury's estimates for these major river crossings are grossly overstated. Based on actual 
elevation profile, spill calculation inputs and hydraulic engineering data the worst case 
discharges for these three rivers is less than 20 percent of the volumes stated by Stansbury. 

21. "Impacts to Air, Terrestrial Resources, Surface Water, Groundwater Resources 
(Stansbury document at pp. 14 - 23) 

Please refer to the Keystone XL Project Pipeline Risk Assessment and Environmental 
Consequence Analysis in April 2009. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, 
LP FOR ORDER ACCEPTING 
CERTIFICATION OF PERMIT ISSUED IN 
DOCKET HP09-001 TO CONSTRUCT 
THE KEYSTONE XL PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

DOCKET NUMBER HP 14~001 

REBUTTAL TESTIMONY 
OF JON SCHMIDT 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

( Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Jon Schmidt. 

1. State your name and occupation. 

Answer: My name is Jon Schmidt. I am employed as Vice President, 

Environmental and Regulatory Services, Energy Services, by exp Energy Services, a 

consultant for the Keystone XL Project. 

2. Did you provide direct testimony in this proceeding? 

Answer: Yes. 
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3. To whose testimony are you responding in rebuttal? 

Answer: I am responding to the direct testimony of Doug Crow Ghost and 

Carlyle Ducheneaux. 

4. On pages 2-4 of his testimony, Crow Ghost discusses the Winters Doctrine. 

Will construction of the Keystone Pipeline affect the water rights of the Tribe under 

this doctrine? 

Answer: Keystone has not applied yet for temporary water use permits. 

Current South Dakota administrative code (ARSD 46:5:40:1) indicates that "no 

temporary permit may be issued if the permit interferes with or adversely affects prior 

appropriations or vested rights." Thus, there are administrative protections for the Tribe's 

claimed water rights. The proposed temporary water uses will not interfere with long

standing water rights in any of the rivers proposed for withdrawal. 

5. On page 5 of his testimony, Crow Ghost states that the Little Missouri River, 

the Cheyenne River, the North Fork of the Morean River, the Bad River, and the 

White River have been potentially impacted by long-term drought. If Keystone 

withdraws water from these river systems, is it possible that downstream water 

users, including Tribal water users and non-Indian farmers and ranchers, willnot 

have adequate water supplies? 

{01914821.1} 
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Answer: As discussed above, the pennitting process will address that issue. 

In addition, Keystone's primary use of water during construction is for hydrostatic testing. 

Water used in hydrostatic testing is returned to the water source. 

6. On page 6 of his testimony, Crow Ghost discusses the effect of construction on 

water quality. Will construction of the Keystone Pipeline affect water quality, 

specifically referencing the North Fork of the Grand River and the Little Missouri 

River? 

Answer: The Project will not cross the North Fork of the Grand River, and 

therefore will not release any sediment contamination in the river through handling or 

construction. The Project will also cross the Little Missouri River using the HDD 

construction method, thereby avoiding any impacts to the river sediments, and thereby 

avoiding release of potential contaminants in the river. 

7. If drought conditions exist during the period of time when Keystone requires 

water for dust control or hydrostatic testing, how will Keystone obtain adequate 

water supplies? 

Answer: If drought conditions were to exist such that insufficient 

unappropriated water was available in quantities required by Keystone, Keystone would 

seek alternate sources of water, which could include use of existing water wells, drilling 

new water wells, reuse of water from upstream tested sections as appropriate, or use of 

municipal supply. Additionally, Keystone could use alternate dust abatement methods 
{01914821.1} 
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such as magnesium chloride to reduce the amount of water needed. Lastly, if no alternate 

solutions were feasible Keystone would delay its testing program. 

8. In question 8 of his testimony, Carlyle Ducheneaux states that the soils in and 

around the Cheyenne River and its tributaries are contaminated by previous 

polluters. Will construction of the Keystone XL Pipeline disrupt these contaminated 

sediments? 

Answer: The Cheyenne River will be crossed using HDD construction 

techniques, which do not result in the disturbance or release of potential contaminants 

from existing river bed sediments or cause significant disturbance of soils in the area of 

the river. 

9. In questions 12 and 13 of his direct testimony, Ducheneaux addresses the 

likelihood of pipeline failure due to sloughing of river banks and the fact that the 

banks of the Cheyenne River are highly susceptible to collapse. Will the construction 

of the Keystone XL Pipeline cause sloughing, erosion, or collapse of these river 

banks? 

Answer: The Cheyenne River will be crossed using HDD construction 

techniques. There will be no impact to the river banks and bluffs that could lead to 

sloughing of the banks into the river. With respect to tributaries that are crossed using the 

open cut construction technique, Keystone will mitigate bank and bluff sloughing by 
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various stabilization means such as installation of rip-rap, geotextile material or re

sloping of the banks, all of which are addressed in the CMR Plan. 

Dated this!/_ day of June, 2015. 
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CERTIFICATE OF SERVICE 

I hereby certify that on the 26th day of June, 2015, I sent by United States first-class mail, 

postage prepaid, or e-mail transmission, a true and correct copy of the foregoing Rebuttal 

Testimony of Jon Schmidt, to the following: 

Patricia Van Gerpen 
Executive Director 
South Dakota Public Utilities Commission 
500 E. Capitol Avenue 
Pierre, SD 57501 
patty. vangerpen@state.sd. us 

Brian Rounds 
Staff Analyst 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
brian.rounds@state.sd. us 

Tony Rogers, Director 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
153 South Main Street 
Mission, SD 57555 
tuc@rosebudsiouxtribe-nsn.gov 

Jane Kleeb 
1010 North Denver Avenue 
Hastings, NE 68901 
jane@boldnebraska.org 

Terry Frisch 
Cheryl Frisch 
47591 8751h Road 
Atkinson, NE 68713 
tcfrisch@g.com 
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Kristen Edwards 
Staff Attorney 
South Dakota Public Utilities Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
kristen.edwards@state.sd.us 

Darren Kearney 
Staff Analyst South Dakota Public Utilities 
Commission 
500 E. Capitol A venue 
Pierre, SD 57501 
darren.kearney@state.sd. us 

Cindy Myers, R.N. 
PO Box 104 
Stuart, NE 68780 
csmyers77@hotmail.com 

Byron T. Steskal 
Diana L. Steskal 
707 E. 2nd Street 
Stuart, NE 68780 
prairierose@nntc.net 

Arthur R. Tanderup 
52343 85?1h Road 
Neligh, NE 68756 
atanderu@gmail.com 
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Lewis GrassRope 
PO Box 61 
Lower Brule, SD 57548 
wisestar8@msn.com 

Robert G. Allpress 
46165 Badger Road 
Naper, NE 68755 
bobandnan2008@hotmail.com 

Amy Schaffer 
PO Box 114 
Louisville, NE 6803 7 
amyannschaffer@gmail.com 

Benjamin D. Gotschall 
6505 W. Davey Road 
Raymond, NE 68428 
ben@boldnebraska.org 

Elizabeth Lone Eagle 
PO Box 160 
Howes, SD 57748 
bethcbest@gmail.com 

John H. Harter 
28125 30ih Avenue 
Winner, SD 57580 
johnharterl l@yahoo.com 

Peter Capossela 
Peter Capossela, P.C. 
Representing Standing Rock Sioux Tribe 
PO Box 10643 
Eugene, OR 97440 
pcapossela@nu-world.com 

Travis Clark 
Fredericks Peebles & Morgan LLP 
Suite 104, 910 5th St. 
Rapid City, SD 57701 
tclark@ndnlaw.com 
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Carolyn P. Smith 
305 N. 3rd Street 
Plainview, NE 68769 
peachie 1234@yahoo.com 

Louis T. (Tom) Genung 
902 E. ih Street 
Hastings, NE 68901 
tg64152@windstream.net 

Nancy Hilding 
6300 West Elm 
Black Hawk, SD 57718 
nhilshat@rapidnet.com 

Paul F. Seamans 
27893 2491h Street 
Draper, SD 57531 
jacknife@goldenwest.net 

Viola Waln 
PO Box 937 
Rosebud, SD 57570 
walnranch@goldenwest.net 

Wrexie Lainson Bardaglio 
97 48 Arden Road 
Trumansburg, NY 14886 
wrexie. bardaglio@gmail.com 

Harold C. Frazier 
Chairman, Cheyenne River Sioux Tribe 
PO Box 590 
Eagle Butte, SD 57625 
haroldcfrazier@yahoo.com 
mail to: kevinckeckler@yahoo.com 
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Jerry P. Jones Cody Jones 
22584 US Hwy 14 21648 US Hwy 14/63 
Midland, SD 57552 Midland, SD 57552 

Debbie J. Trapp Gena M. Parkhurst 
24952 US Hwy 14 2825 Minnewsta Place 
Midland, SD 57552 Rapid City, SD 57702 
mtdt@goldenwest.net GMP66@hotmail.com 

Jennifer S. Baker Joye Braun 
Representing Yankton Sioux Tribe PO Box 484 
Fredericks Peebles & Morgan LLP Eagle Butte, SD 57625 
1900 Plaza Dr. jmbraun57 625@gmail.com 
Louisville, CO 80027 
jbaker@ndnlaw.com 

Duncan Meisel The Yankton Sioux Tribe 
350.org Robert Flying Hawk, Chairman 
20 Jay St., #1010 PO Box 1153 
Brooklyn, NY 11201 Wagner, SD 57380 
duncan@350.org robertflyinghawk@gmail.com 

/ Thomasina Real Bird 
\ Attorney for Yankton Sioux Tribe 

trealbird@ndnlaw.com 

Bruce Ellison Chastity Jewett 
Attorney for Dakota Rural Action 1321 Woodridge Drive 
518 6th Street #6 Rapid City, SD 57701 
Rapid City, SD 57701 chasjewett@gmail.com 
belli4law@aol.com 

RoxAnn Boettcher Bruce Boettcher 
Boettcher Organics Boettcher Organics 
86061 Edgewater A venue 86061 Edgewater A venue 
Bassett, NE 68714 Bassett, NE 68714 
boettcherann@abbnebraska.com boettcherann@abbnebraska.com 

Bonny Kilmurry Ronald Fees 
47798 888 Road 17401 Fox Ridge Road 
Atkinson, NE 68713 Opal, SD 57758 
bjkilmun:y@gmail.com 
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Robert P. Gough, Secretary 
Intertribal Council on Utility Policy 
PO Box 25 
Rosebud, SD 57570 
bobgough@intertribalCOUP.org 

Dallas Goldtooth 
38731 Res Hwy 1 
Morton, MN 56270 
goldtoothdallas@gmail.com 

Cyril Scott, President 
Rosebud Sioux Tribe 
PO Box 430 
Rosebud, SD 57570 
cscott@gwtc.net 
ejantoine@hotmail.com 

Thomasina Real Bird 
Representing Yankton Sioux Tribe 
Fredericks Peebles & Morgan LLP 
1900 Plaza Dr. 
Louisville, CO 80027 
trealbird@ndnlaw.com 

Frank James 
Dakota Rural Action 
PO Box 549 
Brookings, SD 57006 
fejames@dakotarural.org 

Tracey A. Zephier 
Attorney for Cheyenne River Sioux Tribe 
Fredericks Peebles & Morgan LLP 
910 5th Street, Suite 104 
Rapid City, SD 57701 
tzephier@ndnlaw.com 

{01914821.1} 

Tom BK Goldtooth 
Indigenous Environmental Network (IEN) 
PO Box 485 
Bemidji, MN 56619 
ien@igc.org 

GaryF. Dorr 
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Winner, SD 57580 
gfdon@gmail.com 

Paula Antoine 
Sicangu Oyate Land Office Coordinator 
Rosebud Sioux Tribe 
PO Box 658 
Rosebud, SD 57570 
wopila@gwtc.net 
paula.antoine@rosebudsiouxtribe-nsn.gov 

Sabrina King 
Dakota Rural Action 
518 Sixth Street, #6 
Rapid City, SD 57701 
sabima@dakotarural.org 

Robin S. Martinez 
Dakota Rural Action 
Martinez Madrigal & Machicao, LLC 
616 West 261h Street 
Kansas City, MO 64108 
ro bin.martinez@martinezlaw.net 

Paul C. Blackbum 
4145 20th Avenue South 
Minneapolis, MN 55407 
paul@paulblackburn.net 
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Matthew Rappold 
Rappold Law Office 
on behalf of Rosebud Sioux Tribe 
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matt.rappoldO l@gmail.com 

Kimberly E. Craven 
3560 Catalpa Way 
Boulder, CO 80304 
kimecraven@gmail.com 

Mary Turgeon Wynne 
Rosebud Sioux Tribe - Tribal Utility 
Commission 
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Certified Paralegal 
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SD Public Utilities Commission 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

HP 14-001 

REBUTTAL TESTIMONY OF 
COREY GOULET 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Corey Goulet. 

1. Please state your name and address for the record. 

Answer: My name is Corey Goulet. My business address is 450 1st Street S.W., 

Calgary, AB Canada T2P 5Hl. 

2. Please state your position with Keystone and provide a description of your areas of 

responsibility with respect to the Keystone XL Project. 

Answer: I am President, Keystone Projects, with overall accountability for the 

implementation and development of the Keystone Pipeline system, including the Keystone XL 

Project (Project). In that capacity, I am responsible for overall leadership and direction of the 

Project. 
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3. Have you provided direct testimony in this proceeding? 

Answer: Yes, I have. 

4. Which witnesses' direct testimony are you responding to in your rebuttal 

testimony? 

Answer: I am responding to portions of the direct testimony of Cindy Myers, Sue 

Sibson, Diana Steskal, and Paul Seamans. 

5. Cindy Myers testified that the Materials Safety Data Sheets (MDSD) provided in the 

State Department's Final Supplemental Environmental Impact Statement do not reflect the 

actual product that would flow through the proposed pipeline. Can you comment on that 

point? 

( Answer: The MSDS's provided in the Final Supplemental EIS represent the range of the 

different types of crude oil that would be transported through the proposed pipeline. 

Importantly, in the event of a release from the pipeline, the MSDS for the particular product or 

products involved in the release would be provided to responders and state and local officials 

within minutes. 

6. Has TransCanada tested its ability to provide the applicable MSDS to responders 

and officials in the event of a release? 

Answer: Yes we have. During its evaluation of the proposed pipeline reroute in 

Nebraska, the Nebraska Department of Environmental Quality (NDEQ) required TransCanada to 

demonstrate that ability. Accordingly, the NDEQ required TransCanada to conduct a test that is 

reported in its January 2013 Final Evaluation Report. 
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This emergency response exercise was conducted on the existing Keystone pipeline. 

Representatives of NDEQ and the Nebraska Emergency Management Agency (NEMA) attended 

the exercise at the TransCanada Regional Emergency Operations Center (EOC) in Omaha, 

Nebraska. The scenario chosen for the exercise was a landowner performing excavation work 

without first calling 811 to determine the location of any utilities on the property. The 

hypothetical landowner struck the pipeline, smelled and saw oil flowing into the trench, and 

called TransCanada's toll-free emergency line to report the incident. NDEQ randomly selected 

the simulated spill location and provided it at the start of the exercise. 

The exercise facilitator, playing the role of the toll-free emergency line operator, began 

the exercise by calling the TransCanada Operations Control Centre (OCC) in Calgary and 

reporting the third-party excavation damage to the pipeline. The controller at the OCC stated that 

he had observed indications of a product release and that he was shutting down the line and 

contacting the nearest TransCanada on-scene responder to drive to the location of the spilt The 

Regional EOC in Omaha was activated, along with the Corporate EOC in Calgary. The Regional 

EOC Manager requested that the OCC email an MSDS for the batch of crude oil in the pipeline 

at the point of the third-party strike. The OCC controller stated that the location of the strike was 

near the interface of two batches of oil and sent an MSDS for each batch to the Regional EOC 

Manager, the Regional EOC Logistics Manager, and the TransCanada on-scene responder. 

NDEQ and the other exercise observers reviewed the two MSDSs. Seventeen minµtes 

after the exercise began, the Regional EOC Logistics Manager emailed the two safety data sheets 

to NEMA, the Wayne County Sheriff, the Wayne County Local Emergency Planning Committee 

(LEPC), and the PSAP (public safety answering point, or 911), successfully completing the 
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exercise. According to the NDEQ's Final Evaluation report, "the exercise demonstrated that 

Keystone could provide an MSDS for the exact material being transported in the pipeline at the 

time of a hypothetical spill in a reasonable length of time." 

7. Have you reviewed the direct testimony of Sue Sibson and Diana Steskal? 

Answer: Yes I have. They both raise concerns with respect to our reclamation efforts on 

the Sibson property after the construction of the first Keystone Pipeline. 

8. Can you comment on the concerns that they raise? 

Answer: I have not personally viewed the property in question but I have reviewed 

the photos provided in Ms. Sibson's testimony. I understand the stated concerns that our 

reclamation efforts to date have not been to the Sibsons' satisfaction. I reiterate our commitment 

to continue working with the Sibsons to address these concerns and to achieve reclamation 

success equivalent to similar off-right-of-way property. In addition, I reiterate our commitment 

to compensate landowners for demonstrated damages to property that result from our 

construction activities. 

9. Mr. Seamans testified that TransCanada overstated the estimated tax benefits to the 

counties along the route of the proposed pipeline. Can you comment on that testimony? 

Answer: Yes. At the time of its 2009 application, and again at the 2009 hearing, 

TransCanada estimated the tax impacts of the KXL project in good faith, employing estimated 

construction costs. TransCanada does not control the assessed valuation determined by the 

Department of Revenue or the methodology the Department employs. To date, the actual taxes 

levied on the first Keystone Pipeline have been less than our estimates. Nonetheless, the taxes 

paid by Keystone, and the taxes expected on the Keystone XL Pipeline, are substantial, and 
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represent a significant benefit to the counties and school districts that host the pipeline. For 

2014, Keystone will pay real property taxes totaling slightly more than $4,300,000 in the ten 

counties transited by the first Keystone Pipeline. The 2014 taxes paid on the first Keystone 

Pipeline will represent about 3.4% of the total real property taxes collected in the ten counties 

crossed by the pipeline. 

10. Does this conclude your prepared rebuttal testimony? 

Answer: Yes. 

Dated this L~ dayofJune, 2015. 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 
HP 14-001 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PIPELINE 

REBUTTAL TESTIMONY OF 
MEERA KOTHARI 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following 

rebuttal testimony of Meera Kothari. 

1. Please state your name and occupation. 

Answer: Meera Kothari 

2. Did you provide direct testimony in this proceeding? 

Answer: Yes. 

3. To whose direct testimony are you responding in your rebuttal testimony? 

Answer: I am responding to the direct testimonies of Richard Kuprewicz, Ian 

Goodman, and Dr. Arden Davis. 

EXHIBIT 
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4. Mr. Kuprewicz's testimony states "The proposed routing in South Dakota is in 

areas of steep elevation changes." Do you agree with this statement? 

Answer: No. The alignment through South Dakota totals approximately 315 miles 

in length. The vast majority of this alignment has generally flat (i.e., low sloping) to moderate 

topographic relief, with some buttes and badlands. The State Department's Final Supplemental 

January 2014 Environmental Impact Statement defines areas of incline greater than 20% as 

"steep." A desktop review was performed at my direction by independent engineering experts in 

this field using aerial photographs, video documentation of the alignment, publicly available 

topographic information, and LiDAR data, based on the most conservative assumptions. The 

review concluded that a maximum of approximately 18 miles or 5% of the alignment could 

traverse terrain with slopes greater than 20%. 

Percent Slope Approximate Distance (miles) 

20-25% 13 

25-30% 3 

30-35% 1 

>35% 1 

Areas of steep slopes are located in isolated areas along the entire alignment and are generally 

more prevalent in the vicinity of the larger river crossings. I would note that a 20% slope does 

not present significant construction challenges in light of the mitigation measures and techniques 

discussed in the response to Question 7. 

5. Can you comment on the USGS map that is attached as Exhibit 4 to Ian Goodman's 

testimony? 
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Answer: The USGS Landslide Overview Map of the Conterminous United States was 

published in 1982 at a scale of 1:7,500,000 in the USGS Professional Paper 1183 (USGS 1982), 

and then subsequently updated in digital format in 1997 in the USGS Open-File Report 97-289 

(USGS 1997). The map depicts potential landslide hazard areas across a wide area of South 

Dakota. This map is intended for geographic display and analysis at the national level and for 

reviewing possible hazards at large regional scales. This map was used initially as publicly 

available data in the early phases of planning and design for the KXL project. Subsequent 

project routing review, design work and field visits were completed to refine and optimize the 

alignment, in particular at targeted, steeper topographic areas and at larger river crossings, such 

as the Cheyenne River (MP 430), the Bad River (MP 486), and the White River (MP 541). 

6. Is that map appropriate for identification of landslide risk on a site specific basis? 

Answer: No, it is not appropriate given the scale of the map (1 :7 ,000,000). As cited 

on the USGS website for the landslide map (http://landslides.usgs.gov/hazards/nationalmapD 

"because the map is highly generalized, owing to the small scale and the scarcity of precis_e 

landslide information for much of the country, it is unsuitable for local planning or actual site 

selection." 

7. Mr. Kuprewicz's testifies that "geo-hazard risk cannot be appropriately mitigated 

by pipeline design or construction techniques." Do you agree with that statement? 

Answer: No, this statement is not accurate. Pipelines are routinely constructed and 

operated in challenging terrain throughout North America, as well as internationally in similar 

terrain and geologic conditions. In particular, the standard of practice for pipeline construction 

and the practice of geotechnical engineering and geologic hazards assessment and mitigation 

specifically addressing landslide hazards are well understood and applicable to the kinds of 
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terrain, topography, and geologic conditions encountered along the KXL alignment through 

South Dakota. 

Geo-hazard risk is addressed through routing, pipeline design and mitigative construction 

techniques. To the extent necessary and practicable during the routing process, Keystone · 

avoided areas of potential geo-hazard risk. Beyond that, mitigation addressing landslide hazards 

may include one or more design and construction measures including, but not limited to, the 

following, many of which are included in the Project's construction plans and Construction and 

Mitigation Reclamation Plan (CMRP): 

• Installing the pipeline beneath landslide (deep burial) 
• Engineering of the backfill around or within landslide areas 
• Installation of engineered structures to protect the pipeline 
• Installation of strain gauges on the pipeline to monitor and track potential strain 

accumulation in the pipeline 
• Installation of geodetic monitoring stations to track potential changes in ground 

movement 
• Installation of other below ground monitoring to track potential changes in ground. 

conditions 
• Removal of the landslide through excavation 
• Targeted site management and diversion of surface water around landslide sites 
• Mitigation of surface erosion by armoring or otherwise stabilizing surface soils 
• Targeted site management of sources of water along the trench excavation 
• Targeted mitigation of seeps, springs, or other subsurface water encountered along the 

disturbed ROW 
• Reduction in surcharge on landslide areas 
• Installation of deformable backfill around the pipeline 
• Special in-line monitoring of pipeline parameters 
• Completion of regular visual monitoring of site to observe and identify potential changes. 

8. Mr. Kuprewicz testifies that Keystone should have determined worst case discharge 

based on a capacity of 922,000 B/SD. Can you comment on that assertion? 

Answer: As required by federal regulation at 49 CFR 194.105, operators must use 

the maximum capacity to complete worst case discharge calculations. Keystone used the · 
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/ maximum pipeline throughput capacity of 1,000,000 barrels per day in determining worst case 

discharge. 

9. Mr. Kuprewicz's testifies that "(r)eliability can be improved only if proper transient 

dynamics have been incorporated into a rupture detection alarming system, and 

procedures are in place that require shutdown and isolation of pipeline segments along the 

system where a rupture may be suspected." Has a transient analysis been performed and 

incorporated into the procedures required to shut down and isolate the pipeline? 

Answer: Yes, a transient analysis has been performed and incorporated in the 

design of the pipeline and Computational Pipeline Monitoring (CPM) leak detection system in 

accordance with PHMSA Special Condition 27 and API 1130. 

10. Mr. Kuprewicz's testifies that "further information is warranted to clarify how 

much of this terrain identified as High Landslide Hazard Area is really at risk to such 

massive abnormal loading forces." What is the total mileage of high risk landslide hazard 

along the pipeline route in South Dakota? 

Answer: Based on Keystone's detailed engineering analysis approximately 0.5% of 

the alignment intersects potential landslide hazards. This number may further decrease with site 

reconnaissance to finalize the Project's construction plans. Taking a more conservative 

perspective, and looking for potential landslide hazards that may occur within approximately 200 

feet (to either side) of the alignment but that do not actually intersect the alignment, the area of 

additional potential landslide risk only increases by approximately an additional 1.5%. These 

additional areas of potential landslides identified along the alignment may or may not pose a 

hazard to the pipeline (e.g., depending on direction of movement, activity level, depth of 

landslide, etc.); thus, this additional approximately 1.5% is a conservative estimate intended to 
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,,,_ capture the full potential landslide hazard, and will likely decrease in actual number once the 

Project's construction plans are finalized. The combined potential of landslide hazards that 

intersect, or are within approximately 200 feet of, the alignment through South Dakota that were 

identified did not appear to have the potential to generate "massive abnormal loading" 

conditions, and can be mitigated through standard pipeline design and construction practices or 

through the use of targeted mitigation measures. 

11. Kuprewicz (p. 6) claims that the proposed Keystone "valving is seriously 

inadequate ... in a location of considerable elevation changes." Please comment on this 

assertion. 

Answer: A two-year independent review of Keystone XL's design and the 2009 

Keystone XL Risk Assessment was conducted by Battelle Memorial Institute (Battelle) arid 

Exponent Inc. (Exponent) under the direction of the US Department of State (DOS), Pipeline and 

Hazardous Materials Safety Administration (PHMSA), and the US Environmental Protection 

Agency (USEPA) to address concerns raised by the USEPA in the NEPA review of the Project. 

With respect to Keystone's valve placement, Battelle concluded that "[t]he model and the 

process that were used to ensure that valves are placed to minimize the total outflow from a 

break appear to be correct and should be continued to be usecf' (Battelle 2013). 

12. Dr. Davis' testimony (p. 4) discusses concerns involving the stability of steep slopes 

where Pierre Shale or other expansive clays, such as bentonite, can "absorb large amounts 

of water during wet periods, leading to instability and potential failure," and subsequent 

surface water contamination. How will Keystone address these concerns? 

Answer: Ground movement, including landslides, seismic events and subsidence, 

and heavy rains and flooding, account for a very small percentage (1.08%) of pipeline incidents 
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(PHMSA 2008). To prevent pipeline damage, Keystone considered slope stability during the 

routing and design process. Once the pipeline is operating, Keystone will conduct aerial patrols 

to monitor the pipeline right-of-way for signs of slope instability as well as other threats to 

pipeline integrity. This surveillance is required by Federal Regulation at 49 CFR 195.412. 

Keystone continually evaluates slope stability over the life of the pipeline. If Keystone 

suspected damage to the pipeline's integrity, Keystone would inspect the pipeline as required by 

PHMSA Special Condition 53c. 

Dated this~~ day ofJune, 2015. 

_,,, .. / 

~~,~ --------
Meera Kothari 
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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF SOUTH DAKOTA 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 
HP 14-001 

IN THE MATTER OF THE PETITION OF 
TRANSCANADA KEYSTONE PIPELINE, LP 
FOR ORDER ACCEPTING CERTIFICATION 
OF PERMIT ISSUED IN DOCKET HP09-001 
TO CONSTRUCT THE KEYSTONE XL 
PROJECT 

REBUTTAL TESTIMONY OF 
JEFF MACKENZIE 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

Pursuant to the Commission's Order Granting Motion to Define Issues and Setting 

Procedural Schedule, Petitioner TransCanada Keystone Pipeline, LP, offers the following rebuttal 

testimony of Jeff Mackenzie. 

1. Please state your name and occupation. 

A. Jeff Mackenzie, Senior Emergency Preparedness and Response Specialist with 

TransCanada. 

2. Did you provide direct testimony in this proceeding? 

A. No. I'm a highty.:skilled Senior Emergency Manager with more than 20 years' 

experience in Emergency Management & Preparedness, Risk Management, Facilities and H&S. 

I have specialized knowledge in Emergency Services Management, EH&S Programs 

Development, Risk Management and Emergency Services Administration. A current copy of my 

resume is attached as Exhibit A. 
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3. To whose direct testimony are you responding in your rebuttal testimony? 

A. I am responding to the direct testimony of Richard Kuprewicz and Dr. Arden 

Davis. 

4. Mr. Kuprewicz's testimony (pg. 1) states "effective cleanup/remediation of ruptures 

into the rivers would be most unlikely, despite extensive and expensive efforts in this 

challenging terrain, and could be devastating to the state." Can you comment on this 

statement? 

A. While the likelihood of a release is very low, TransCanada takes full responsibility 

for emergency response and clean-up for any of the pipelines that we own and operate. 

TransCanada will assume the responsibility for managing spill events and will pay for 

remediating any environmental impact or for any property damage that may result from a spilL 

Section 1002 of the Oil Pollution Act of 1990 states that TransCanada is liable for: ( 1) certain 

specified d~ages resulting from the discharged oil; and (2) removal costs incurred in a manner 

consistent with the National Contingency Plan (NCP). Additionally, PHMSAregulations at 49 

CFR 194.115 require each operator to identify and ensure the resources necessary to remove a· 

worst case discharge, to the maximum extent practicable, and to mitigate or prevent a substantial 

threat of a worst case discharge. This capability is demonstrated through the Keystone Pipeline 

System Emergency Response Plan. The Keystone Pipeline System Emergency Response Plan 

describes various techniques for containing spilled oil in water (e.g. deflection/diversion boom, 

containment boom). The Response Plan also describes the techniques used to recover spilled 

product using weir skimmers, oleophilic skimmers, and suction skimmers. These tactics are 

proven to be the most effective means to recover spilled product, and TransCanada has access to 
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all of the resources required to employ these tactics through internally owned equipment, trained 

company personnel, and contact resources. More detail specific to emergency response in rivers 

is provided in response to Question 9 herein. 

TransCanada has extensive, recent experience working in challenging tenain where site 

access was challenging. In those instances, TransCanada proved it has ability to gain access and 

appropriately respond. For example, in 2013, TransCanada experienced a natural gas pipeline 

rupture in northern Alberta where swamp and muskeg made access to the site extremely 

challenging. TransCanada successfully responded to the incident by building roads with rig mats, 

using tracked vehicles to navigate swamps and sloughs, and employing heavy-lift helicopters to 

transport equipment to the isolated location. In addition, TransCanada is constructing pipelines 

in some of the most rugged mountains in Mexico. There, TransCanada has used winches and 

cable systems to transport personnel and equipment up and down steep, isolated, mountainous 

terrain. TransCanada has contractual agreements in place with helicopter companies in the 

United States having the ability to sling and lift emergency response equipment and resources 

into remote areas. 

In addition to challenging terrain, TransCanada is prepared to respond to emergencies fo 

harsh climates and weather conditions. Since the Keystone Pipeline has been in service, 

TransCanada has conducted emergency response exercises in extremely cold weather allowing 

personnel to test such tactics as ice slotting for product containment under frozen waterways. 

Similarly, TransCanada has responded to actual emergencies in Canada where ambient 

temperatures were dangerously low; still TransCanada was able to respond safely in those 
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conditions, which are comparable to those experienced in western South Dakota during the 

winter season. 

5. Mr. Kuprewicz's testimony (pg. 2) references what he calls "past failures of [oil spill 

response] plans to be truly effective." Can you comment on this assertion? 

A. Oil spill response plans are developed by pipeline operators as required by 

PHMSAregulations at 49 CFR Section 194.115. PHMSA is the federal agency with the 

technical expertise to review the adequacy of these plans. To the extent Mr. Kuprewicz has 

concerns with the efficacy of oil spill response plans across the industry, that would be an issue 

to be addressed with PHMSA. 

The existing Keystone Pipeline System Emergency Response Plan was developed in 

accordance with 49 CFR Part 194. The Keystone ERP was reviewed and approved by PHMSA 

prior to Keystone commencing operations in 2010. Required Worst Case Discharge scenarios 

were calculated using the U.S. Coast Guard criteria. Using these figures, TransCanada identified 

and ensured, by contract or other approved means, the resources necessary to remove, to the 

maximum extent practicable, a worst case discharge and to mitigate or prevent a substantial 

threat of a worst case discharge. Keystone will augment the Keystone Pipeline System ERP to 

address these same issues along the route of the Keystone XL Pipeline. The augmented plan will 

be reviewed by PHMSA. 

In the course ofreviewing Keystone's Presidential Permit application, the State 

Department (DOS) tendered a data request to Keystone in which it required Keystone to describe 

its response to two spill scenarios. These scenarios are presented in the excerpt from the August 

2011 Final Environmental Impact Statement, which is attached as Appendix A to my testimony. 
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DOS stated that Keystone's response to these scenarios provided an opportunity to review the 

level of preparedness and foresight that would be in place relative to potential spills from the 

proposed Project. 

As stated in the FEIS, DOS and PHMSA reviewed these hypothetical spill response 

scenarios prepared by Keystone. Based on its review of the hypothetical spill response 

scenarios, DOS stated that it considers Keystone's response planning appropriate and consistent 

with accepted industry practice. 

6. Mr. Kuprewicz's testimony (pg. 2) states "An oil spill plan should also include 

dealing with a possible release in the critical Ogallala Aquifer." Can you comment on this 

statement? 

A. TransCanada will include the possibility of a release in the Ogallala Aquifer in the 

Emergency Response Plan for Keystone XL. As I have stated, the existing Keystone Pipeline 

System Emergency Response Plan will be augmented to include the risks and hazards associated 

with the Keystone XL route. Such risks and hazards include a release to groundwater, and the 

tactics for remediating this type of spill are already addressed in the Keystone Emergency 

Response Plan. Specifically, the following procedures and potential remediation techniques are 

included in the Keystone Emergency Response Plan: 

Procedures: 

• 

• 

Evaluate the topography and evidence of surface contamination. 
Establish containment, accounting for public safety, spill volume, terrain, and presence of 

surface water. 
Notify landowner and appropriate public agencies of potential groundwater 

contamination. 
Immediately retain an independent consultant with expertise in this area to evaluate 

impacts and remediation options. 
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• 

Consult with appropriate agencies regarding remediation, including water and soil 
cleanup levels, and need for groundwater monitoring. 

Notify and procure additional response equipment and personnel as necessary to address 
site-specific conditions. 

Remediation Techniques: 

• 
• 

Dig intercept trench down-gradient of release point. 
Line trench and stage vacuum truck to remove contaminated oil/water mixture . 
Excavate surface catchment up-gradient of the intercept trench and near leading edge of 

visible contamination. 
Excavate until contaminated soil is completely removed and clean soil is encountered or 

conditions prohibit continued digging. 
Line the catchment to limit or prohibit further groundwater contamination. 
Move vacuum truck from intercept trench to catchment to recover oil and/or oily water. 
Line drop down area to stage contaminated soil as excavated. 
Segregate waste streams to minimize later disposal. 
Based on anticipated release, stage temporary storage and additional vacuum trucks to 

ensure recovery efforts continue without interruption. 

Options for Long-term Remediation: 
•Afr sparging 
•Vacuum extraction 
•Conventional pump and treat 
•Bio-slurping 
•Excavation 
•Enhanced biodegradation/bioremediation 
•Chemical addition/oxidation 
•Natural Attenuation 
•Enlist additional experts, as appropriate, for continuing remediation and 

coordination with appropriate agencies. 

7. Mr. Kuprewicz's testimony (pg. 2) states "The Keystone XL oil spill plans should be 

independently reviewed and m~de public to assure their effectiveness." Can you comment 

on that assertion? 

A. The existing Keystone Pipeline System Emergency Response Plan was developed 

in accordance with 49 CFR Part 194 and is distributed, retained, and submitted to PHMSA in 

accordance with that federal regulation. Additionally, the plan satisfies South Dakota Codified 
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Laws 34A-12-9, 34A-18-2, and 34A-18-9. The South Dakota Department of Environment and 

Natural Resources - Division of Environmental Services is a plan holder of Controlled Copy #26 

of the Keystone Pipeline System Emergency Response Plan, and the Department receives 

notification within 30 days of any change to the plan. A redacted version of the ERP for the 

Keystone System is available to the public asAppendix I to the State Department's January 2014 

Final Supplemental Environmental Impact Statement. 

8. Mr. Kuprewicz's testimony (pg. 6) states "[t]he potential to rapidly spread in this 

[steep terrain] environment raises a serious question as to whether the 12-hour or even the 

6-hour Tier 1 time limit in federal regulations will be appropriate." Do you have a comment 

on that testimony? 

A. First, the response time limits set forth at 49 CFR 194.115 have been established 

by the federal agency with demonstrated expertise in this area. If Mr. Kuprewicz believes they 

are inadequate, he should take that position up with the agency having responsibility and 

jurisdiction over this area. 

TransCanada places great emphasis on ensuring the ability to promptly respond to an 

emergency. In fact, TransCanada has designed exercises to specifically assess the ability of their 

contracted response organizations to provideresource for a worst case scenario within the 

required time limits. 111ese exercises evaluate contractor's availability to respond in specified · 

time frames. In 2013, a Third Party Contractor Assessment Exercise was conducted in Yankton, 

.SD to ensure adequate resources were available, and similar exercises are anticipated across the 

pipeline system in the future. 
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9. As recent ruptures have indicated in the Yellowstone River, Oil Spill Response can 

be highly ineffective at containing or recovering spilled oil, which can rapidly spread tens 

of miles downstream in major river ways. 

A. TransCanada maintains contracts with US Coast Guard classified Oil Spill 

Removal Organizations. These organizations have access to the most efficient and 

technologically advanced containment and recovery equipment available. 

The Keystone Pipeline System Emergency Response Plan describes various tactics for 

containing and recovering spilled oil in flowing waterways. Dikes, berms, and dams are land-

based tactics, with the objective of containing spilled oil and limiting spreading of oil slicks, thus 

minimizing impacts to the environment. Dikes, benns and darns are embankment structures 

built-up from the existing terrain, placed to contain and accumulate oil for recovery. These 

barriers can serve to: 

Contain and stabilize a contaminated area. 
Contain or divert oil on water or oil that has potential to migrate. 
Create cells for recovery. 
Use natural depressions to act as containment areas for recovery. 

The Response Plan also describes the techniques and equipment used to recover spilled product 

in waterways through the use of skimmers, which fall into three types: 

Weir skimmers draw liquid from the surface by creating a sump in the water into which 
oil and water pour. The captured liquid is pumped from the sump to storage. Weir 
skimmers can recover oil at high rates, but they can also recover more water than 

oil, especially when the oil is in thin layers on the surface of the water. This creates. 
the need to separate the water from the oil and decant it back into the environment. 
Otherwise, the recovered water takes available storage volume. Weir skimmers ·are 
best employed where oil has been concentrated into thick pools or where there are very 
large volumes of oil and recovered liquid storage capacity. 

• Oleophilic skimmers pick up oil that adheres to a collection surface, leaving most of the 
water behind. The oil is then scraped from the collection surface and pumped to a 
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storage device. Oleophilic skimmers do not recover oil as fast as weir skimmers, 
but they have the advantage of recovering very little water. Oleophilic skimmers may .be 
used where oil is very thin on the surface. Oleophilic skimmers are a good choice 
where liquid storage capacity is limited. 

Suction skimmers use a vacuum to lift oil from the surface of the water. These skimmers 
require a vacuum pump or air conveyor system. Like weir skimmers, suction 

skimmers may also collect large amounts of water if not properly operated. Most 
suction skimmers are truck mounted and work best at sites with road access. 

These tactics are proven to be the most effective means to recover spilled product, and 

TransCanada has access to all of the resources required to employ these tactics through internally 

owned equipment, trained Company personnel, and contacts resources. 

10. Kuprewicz testifies that oil spill response and remediation for the segment of the 

pipeline in Tripp County spanning the Ogallala Aquifer should focus on surrounding the 

release site with "reverse flow" injection and soil capture and remediation methods to limit 

its spread and involves removing underground soil contaminated from spill plumes that 

may be developed. 

A. TransCanada will implement the most effective strategies, techniques, and 

equipment available to respond to any emergency in all our operating environments along the 

pipeline. During an emergency, TransCanada will work in collaboration with regulatory agencies 

to develop our strategies based on site specific conditions such as land or surface water, weather, 

geology, soil type, etc. While reverse flow injection may be one tactic to respond to an oil spill, 

TransCanada will not limit itself to a single response tactic. Instead, TransCanada will maintain 

contracts with US Coast Guard classified Oil Spill Removal Organizations who have access to 

the most efficient and technologically advanced containment and recovery equipment available. 
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11. Dr. Davis testifies that diluted bitumen that sinks in water is significantly more 

difficult to clean up. Can you comment on that statement? 

A. TCP considers _the potential for sinking and submerged oil as part of our 

Emergency Response plans and in the execution of such plans. In the unlikely event of a spill, 

TCP would work hand-in-hand with regulatory bodies to determine the con-ect response and 

remedial actions given to the specific variables of the event. While sinking crude oils do pose a 

greater challenge for containment and clean up compared to floating oil, the industry has 

emergency response containment and clean up procedures that have substantially improved, in 

part because of the lessons learned from the Kalamazoo spill. 

Such emergency response tactics may include, but not limited to the following: 

•Mechanical methods such as suction dredging and air bubbling. 
•Non-Mechanical methods could include chemical treatment I dispersants, bio-mediation and in
situ burning. 

Petroleum hydrocarbon plumes do not sink within groundwater as observed with 

chlorinated solvent plumes (e.g., trichloroethylene [TCE], perchloroethylene [PCE]); instead, 

they form along the uppermost layer of groundwater. 

Therefore, contamination of groundwater would be limited to the uppermost volume 

associated with the groundwater surface. Petroleum hydrocarbons are naturally degraded by 

microbial communities naturally found within soils. As a result, petroleum hydrocarbon pl'umes 

would be expected to result in highly localized effects. Removal of the source oil and 

remediation actions would help to further minimize groundwater impacts. Kuprewicz reaches the 

same conclusion (p. 7), specifically stating that impacts to RST groundwater wells are not 

anticipated due to the slow-moving nature of the groundwater plumes. 
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SUMMARY 

Jeff Mackenzie 
Calgary, Alberta 

Highly skilled Senior Emergency Manager with more than 20 years' experience in Emergency Management & 
Preparedness, Risk Management, Facilities and H&S. Specialized knowledge in Emergency Services Management, 
EH&S Programs Development, Risk Management and Emergency Services Administration. 

EXPERIENCE 

TransCanada Pipeline 0812014 - Present 
Senior Emergency Preparedness & Response Specialist, Major Projects 

;.:.. Responsible for coordinating emergency preparedness and response-related activities in support 
of all phases of the Major Project life-cycle. 

>- Manages a variety of project activities by creating and updating scorecards that provide 
stakeholders with the status ofEP&R deliverables. 

>- Maintains project deliverables and budgets by creating project plans and identifying and addressing 
any gaps or project conflicts - proactively communicates with stakeholders and team members 
accordingly. 

)> Provides permit application support by creating work plans and submitting timely and accurate 
documentation to ensure all applicable regulatory and Company standards are met. 

Y Engages in stakeholder outreach and consulting by developing business fact sheets, 
presentations and talking points for meetings and open houses. 

)> Plans and coordinates EP&R activities by creating work plans that incorporate operation 
requirements - ensures that plans are filed, approved, and submitted in a timely matter and with 
respect to all applicable regulatory and Company standards; ensures that Company is prepared to 
respond to emergencies. 

>- Conducts design and document reviews to ensure EP&R requirements are understood by the 
project and identify hazards and mitigation measures to be implemented through engineering 
design and other means. 

>- Ensures that the Company is able to meet or exceed all regulatory requirements and is adequately 
staffed to effectively.respond to emergencies. 

? Coordinates equipment procurement by ensuring the proper identification, budgeting and 
delivery of emergency-response related equipment. · 

)> Develops and maintains a network of EP&R consultants, contractors, and industry and agency 
organizations by working with external resources leads and supply chain to identify needs for 
supplemental support by third parties - ensures corresponding agreements are active and in accordance 
with resource strategies. 

Bissett Resource Consultants 
Senior Emergency Planner 1112013- 0812014 

> Development of Regulatory projects completed in accordance with governing regulatory body 
(Alberta Energy Regulator- AER). 

:>:- Preparation of projects for public consultation, the analysis and processing of field work, the writing of an 
Emergency Response Plan (ERPs - Corporate, Site Specific, Facility/ Arca) for the approval by the 
regulator and for the protection of workers, the public, and the environment in the event of an emergenc)'. 

> Full scale & table top exercise AER regulated training for corporate (Emergency Command Centre), site 
leaders and field. Some clients include: Suncor Energy, Sinopec, ConocoPhillips, Bonavista Energy, and 
Harvest Energy. 

) Liaise witl1 all departments (Petroleum Engineers, Hazard Assessors, GIS Technologists, Dispersion 
Modelers) that have input required for writing emergency response plans 

- 1 -
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? Development of regulatory projects completed in accordance with the AER Directive 056 and AER 
Directive 71 for projects in Alberta and BC Oil and· Gas Commission Emergency Response Plan 
Requirements for projects in· BC. 

Suncor Energy 1112006- 0912013 
Natural Gas, North America Onshore Emergency Management & EH &S Advisor 

Risk Management 
»- Completion and compiling of a Security Risk Registry/ All Hazards to identify probable and potential risks 

to the organization by using a task risk analysis approach. Security risk registry range from Bomb threats, 
to terrorism to environmental issues (WCSS, loss of containment and spill prevention & response). 

»- Detailed understanding and ()n hands experience of Integrated Risk Management System (IRMS) and 
Operational Excellence Management System (OEMS). 

» Experience with Incident Learning Prevention, Action Management, Management of Change, EH&S and 
Risk Matrix. 

>- Experience in a variety of settings that were primarily in the oil & gas sector: Remote drilling sites, 
Production (Oil Sands Mining & InSitu), I-128, Natural Gas and Well site services. 

Emergency Preparedness & Management 
);> Emergency Management Advisor & Team Leader of the development of the North America Onshore, 

Natural Gas Emergency Management Guideline G503. Successfully implemented to maintain, test and 
continuous improvement for Suncor's emergency/security preparedness. 

? Assist businesses, manage, implement, plan, test, guide and facilitate emergency management components: 
Full Scale ERP Exercises, Evacuation drills, Revision of fire protection systems, confined space consultfog. 
and the Incident Command System (Level 3). 

);:- Interaction with external parties AER (ERCB), CEPA, DOT, Canutec, ... 
~ Maintenance and update of resource material and essential information for ERPs. 
> Interaction with federal, municipal, local and mutual aid agreements to coordinate emergency response 

planning and preparedness. 

EH&S 
~ EH&S Advisor for Suncor Energy's largest Natural Gas Plant, Hanlan Robb and the Medicine Hat & 

Saskatchewan field. 
>- Advisor for OH&S code regulations, Policies & Procedures, Best Practices and occupational 

classifications. Board member of Workplace Health & Safety Committee. 
» Authorization & revision of safety contingency plans and site specific work plans. 
» Completion of on-site safety audits inspections 
? Incident Investigation for EH&S & Security (Injuries, Fatalities, Incidents, Preventive Maintenance,. .. ) 
> Emergency preparedness planning creation & implementation for hazardous operations. 
> Process Safety Management (PSM): Field Level Risk Assessments, Work place observations and pre-start 

up safety reviews and process analysis. 
J>- Environmental issue responsibility: Environmental spills, Hazardous Materials, Call Outs and Crisis 

Communication (CEPA & E2 Plans). 
>:- Supp011 the EH&S team through active participation in the development ofEH&S safety programs and 

plans to support Suncor's ongoing commitment to the Journey to Zero injuries program. 

Emergency Response Officer 
> Paramedic, Medical Clinic and firefighter duties provided at Suncor Energy Oil Sands, F011 McMurray a.nd 

In-situ, Firebag. 
>- Active daily involvement with WCB Policies & Procedures (referrals, diagnosis, initial/re•visit medical -

occupational & non-occupational classification, short & long term disability involvement. 
> Perform a wide variety of duties relating to fire, medical. security, hazmat and environmental monitoring, 

oil response preparedness and training according to standard practices and procedures. 
> Provide leadership and training to personnel while ensuring the effective choice and application of 

appropriate fire and medical response tactics and techniques at the scene. 

City of Calgary Fire Department 0212006- 1112006 
-2-
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Firefighter 

)> Emergency Response, fire ground operations, pump operations, primary searches, ventilation, interior 
attack, salvage/overhaul, pre-hospital care, vehicle extrication, fire prevention/inspections, training/drills, 
public relations, aircraft rescue, hazardous materials, high angle, urban search and rescue and 
administrative duties. 

City of Calgary Emergency Medical Services 
Advanced Care Paramedic 

0311999- 0212006 

)> Provide treatment and transport to emergent medical requests, inter-facility transfers and facility based 
medical support with the Calgary Zone and the Province of Alberta. Provided Alberta Residents with the 
highest quality Advanced Cardiac Life Support (ACLS) services in accordance with legislation. A patient 
advocate who effectively communicated and interacted with other allies health care professionals and 
public safety partners. 

>- Incident analysis training/conducting (Calgaiy EMS - Medical Examiner's Office fatality classification. 

Crowsnest Pass Emergency Medical Services- Industrial 
Advanced Care Paramedic 

0112004- 1112006 

>- Provide advanced care paramedical services in the industrial setting. 
).> Experience in a variety of settings that were in the oil & gas sector: Remote drilling sites, Production (Oil 

Sands Mining & InSitu), H2S, Natural Gas and Well site services in Northern Alberta and BC. Some 
clients include: EnCana, CNRL and Husky Oil. 

Grande Prairie Regional Emergency Medical Services 
Flight Paramedic 

0311998- 0311999 

).> Provided advanced care flight paramedic duties for STARS (formerly Northern Life Flight). 

EDUCATION 

>- Bachelor of Applied Business: Specializing in Emergency Management, with Distinction 
)> Canadian Registered Safety Professional & Certified Emergency Manager (currently completing). 
)> Texas - TEEX Advanced Industrial Firefighter. 
)> National Fire Protection Assoc. Standard I 00 I, I 003, I 006 Fire Fighter Level 11 
);- Emergency Medical Technician - Paramedic, S.A.I.T., Calgary, AB. 
).> Advanced High School Diploma, John G. Diefenbaker H.S., Calgary, AB. 

SPECIALIZED KNOWLEDGE & SKILLS 

- Emergency Services Management - OH&S Programs Development 
- Risk Management - Emergency Services Administration 
- Ethics for Emergency Services -· Public Relations/Media Skills 
- Interpersonal Communications - Crisis Communication 

2011 
2014 
2007 
2006 

1994-1998 
1991 

- Organizational Behaviour 
- Team Leadership & Development 

·- Human Resources Management Emergency Services 
- Accounting Principles 

- Financial Statement Analysis - Capital Budgeting 
- Statistics for Administrators - Strategic Business Planning 
- Resource Management - Personal Performance Management 
- Legal Issues in Emerg Services - Critical Thinking 
-· Labour Relations/Conn·act Law - Critical Incident Stress Management 
- Future of Leadership - Reflective Thinking 

- Advanced Cardiac Life Support - Pediatric Advanced Life Suppo11 
- Aircraft Rescue Fire Fighting - Advanced Basic Trauma Life Support 
- Calgary Fire Dept. HazMat Awareness - Calgaiy Fire Dept. HazMat Operations 
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- HazMat Paramedic Team (I '1 in Canada) - High Angle Rescue Tech 
- Incident Command System I 00,200,300 - Emergency Operations Centre Management 
-.;., Flight Paramedic, Aeromedical Evacuations - Crew Chiet: City of Calgary, Cochrane & 

Grande Prairie EMS 

PRO FESSI 0 NAL & RECREATIONAL AFFI LIATI 0 NS 

Canadian Society of Safety Engineers (CSSE) 
Alberta College of Paramedics Association 
Health Sciences Association of Alberta 
Heart and Stroke Foundation of Canada 
C.U.S.A. Calgary United Soccer Association 

AWARDS 

City of Calgary- Employment Recognition Awards 

- Lakeland College 
- lntemational Association of Firefighters. 
- Emergency Cardiac Care Task Force, GPREMS 
- S.A.I.T. Alumni Association 
- N.C.A.A Calgary Junior Hockey League Alumni 

Rutherford Scholarship - Awarded on the basis of consistent academic merit in High School. 
Northwest A th le tic Association Scholarship - Calgary Junior Hockey League (C.J.H.L.) 
Calgary Old Time Hockey Players Association -Sweeney Schriner Memorial Scholarship 
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small stream or river crossings not spanned by HDD4
• If spilled oil is released to the flooded area, 

especially to flowing waters, oil could be distributed to adjacent terrestrial, wetland, and· aquatic h_abitats 
that normally would not be exposed. These habitats and natural resources, as well as human uses of the 
habitats and resources, may be e?cposed to the spilled material. .. 
Concern was expressed in comments on the draft EIS relative to potential spray zones associated with 
operational leaks from the proposed. pipeline. Winds, especially high-velocity sustained winds, could 
spread material released under pressure from hole(s) in the top hemisphere of an exposed portion of the 
pipeline to create a "spray zone." To generate a spray zone a potential leak would need to occur on the 
upper hemisphere of the proposed pipeline. If corrosion related leaks occurred, they would typically 
occur on the lower hemisphere of the pipeline and would likely be associated with entrained water. The 
implementation of the Project-specific Special Conditions developed in consultation with PHMSA would 
make such leaks highly unlikely. Potential leaks on the upper hemisphere of the proposed pipeline would 
likely be associated with accidental equipment impact. However, the likelihood of such events is 
significantly reduced by the 4-foot minimum cover requirement in most areas and the implementation of 
public awareness and damage prevention programs. However, if such a release were to occur, ejected 
material could form a cloud of mist and fine particles, and could be carried downwind. The extent of 
distribution would depend on wind velocity, direction of the released spray (e.g., downward into the 
ground, horizontal, or skyward), and characteristics of the release (e.g., pressure in the pipeline, type of 
oil, size of hole). Under most scenarios, the pressure in the pipeline would drop quickly, the release 
would be highly visible, and immediate pipeline spill control and shutdown actions would be taken5 by 
the CMP and SCADA as well as the onsite personnel. Ifa leak would occur on the upper hemisphere of 
the pipeline, Keystone has estimated that the maximum spray zone for an exposed portion of the pipeline 
would be in the range of 75 to 400 feet (i.e., the areal extent of the release to land would be limited to a 
few acres or Jess in the immediate area of the release point and downwind of the release point). 

Major flooding or adverse weather conditions (e.g., high winds, tomados, blizzards, and extreme cold) 
could limit Keystone's ability to detect small releases and/or hinder the spill response contractors from 
implementing timely and effective oil spill containment and cleanup operations. Response actions 
appropriate for these conditions would be addressed in the ERP and the PSRP (see Section 2.4.2.2). 

3.13.5.2 Keystone Response Time and Actions 

For spills ranging in magnitude from very small to substantive, response time and actions by responders 
would most likely prevent the oil from reaching sensitive receptors or would contain and clean up the 
spills before significant environmental impacts occurred. Most spills in this category are likely to occur 
on construction sites or at operations and maintenance facilities, and wouid not be released to the 
environment outside of these Project-related areas. 

For large spills, very large spills and potentially some subst~tive spills, especially those that reach 
aquatic habitats, the response time between initiation of the spill event6 and arrival of the response 
contractors would influence the magnitude of impacts to the environmental resources and human uses. 
This would be particularly true if the oil reaches flowing waters in major rivers. Once the responders are 

4 These type of events account for less than 4 percent of spills (see Table 3.13.1-3) and Keystone has a proactive, 
preventative plan to shut down the pipeline if severe weather or any other natural event poses a threat to the pipeline 
integrity. 
5 The SCAD A system would shut down the pipeline within 12 minutes of detection of the release (Sections2.4.2. I 
and 3.13.5.5). 
6 "Initiation of the event" means when the oil began to leak or spill to the environment, not when it is detected by 
either the SCADA or other .means. There may be a substantive delay between initiation and detection, particularly 
for slow or pinhole leaks under snow or below ground. 

3.13-53 
Final EIS Keystone XL Project 
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at the spill scene, the efficiency; effectiveness, and environmental sensitivity of the response actions (e.g., 
containment and clean up of oil, and protection of resources and human uses from further oiling) would 
substantively influence the type and magnitude of additional envirorunental impacts. 

In response to a DOS data request, Keystone presented its approach to spill response under two 
hypothetical spill scenarios defined by DOS. The two spill scenarios presented to Keystone and its 
response to these scenarios provide an opportunity to review the level of preparedness and foresight that 
would be in place relative to potential spills from the proposed Project. 

The first hypothetical spill occurs in· the summer in an area with deep groundwater, relatively flat terrain, 
at least 2 miles from any navigable stream, no wetlands within 1 mile, and with no nearby private water 
wells or public water intakes. The second hypothetical spill occurs in the winter in an area of relatively 
shallow groundwater (25 feet bgs), sloping terrain, nearby wetlands, and a navigable stream within 1,000 
feet, including private water wells within I 00 feet of the release site and a public water intake 2 miles 
downstream. 

For each of these scenarios, Keystone describes the following: 

• Response procedures including pipeline shutdown, commencement of field response, spill 
assessment, and development of incident command post; 

• The potential horizontal and vertical spread of crude oil into the environment; 

• Response tactics employed for source control; 

• Cleanup approaches for spills on land including containment methods and removal methods; 

• Cleanup approaches for spills to groundwater including options for short- and long-term 
remediation; 

• Cleanup approaches for spills on calm or slow moving water (lake or pond) and to flowing water 
(stream or river); 

• Cleanup approaches for spills that occur on ice or under ice; and 

• Cleanup approaches for spills in wetland areas. 

DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by Keystone and 
would also review a final ERP to be prepared by Keystone prior to startup of the proposed pipeline (see 
Section 2.4.2.2 for additional information on the Keystone ERP). Based on its review of the hypothetical 
spill response scenarios, DOS considers Keystone's response planning appropriate and consistent with 
accepted industry practice. 

3.13.5.3 Factors Affecting the Behavior and Fate of Spllled Oil 

The primary and shorter-term processes that affect the fate of spilled oil are spreading, evaporation, 
dispersion, dissolution, and emulsification (Payne et al. 1987, Boehm 1987, Boehm et al. 1987, Overstreet 
and Galt 1995). These processes are called weathering. Weathering dominates during the first few days 
to weeks of a spill. A number oflonger term processes also occur, including photo-degradation and 
biodegradation, auto-oxidation, and sedimentation. These longer-term processes are more important in 
the later stages of weathering and usually determine the ultimate fate of the spilled oil that is not 
recovered by the cleanup program. 

Final EIS Keystone XL Project 
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·~·UJ(TH&EHl'AOti'-EllT•UOC'I' • 
• tDUS'MIAI. • l'ERlSTAJC'n.R£ • SUSllDOl!llITI' • __ , 

i' 

KEYSTONE 0481 

020966



.. - --------------------

• UllEPOST- 6 '-""TERBOOY 

- ROUTE VAAIATION (RV) a COUNTY Uh'E 

.:.:;. lSSUED CENTERUNEAT·TIME OF RV"' 1:0 SECTION LINE 

"Cl.Out Ar rHt!. Tall!'. U lfV »rFIOVAL·Ztl IUf·fJ 
'"WOl".fN!lSsufDa.Af iffi!Jii!Ol!MAlf'ltO\>AL j .._, 

KEYSTONE 0482 

~1 

020967



• MtlEPOST- C, IMTERBODY 

- RCA.ITC IAAIATION (RV) ~ COUtllY LINE 

- ISSUED CENTERLtlEATTIME OF RV" Ei' SECTION UllE 

• 111.lUL'G. EJJmi&rn.w::ru.~m·DDCY• 
f-----------H • ttll.limlt. • rAWTRUC:ruRS: • SUS1lJ•""81UTY• 

U. OAfrAt rHr ntir!' 0# 1tv »,ltOVAL ·:On.o:J.14 
..,.,,.°'musturocurn«iilccwtrr»r1tOVAL !-. ~1 

KEYSTONE 0483 

( 

020968



(__' 

• MILEPOST- g, ~TERBOOY 
-ROUTE'\h\RIATION(RV) JEI COUNTYUNE 

- ISSUEDCENTERUNEATTIMEOFRV" EJ SECTIONUNE 

•IUtL'INCS•fAit!HlV.t.lRO~•ErOG'I'• 

>-----------11 • r.oustJtlM. •t.J'R.•.sTl:u:n.RE• !.USruwaurt • 
"a.OATUTTHCJllltCl'lfVA>ntOYAL·lOtu:J.:I 
~Ol'rHi1SsUtaCl..irrHi!:-TJ1«"'llf.V~titNN. I ~ )l>Ut 

KEYSTONE 0484 

020969



• MILEPOST- (!> '-""TERBODY 

- ROUTE VARIATION (RV) l ~·COUNTY LINE 

~ ISSUBJ CENTERLINE AT TIME OF RV' Q SECTION LINE 

'Ct0AnA11Hr1111Z°'lrv.UlltOVAL·lfll#fl 
""W'IHrH~a.suma.ArTHl!llll!tNIWAIPlt<N.Al. ,_ 

( 
' . 

~1 

KEYSTONE 0485 

020970



• UJlEPOST-

- ROUTE VARIATION (RV) 

-ISSUEDCENTERUNEATTIMEOF~ 

£) WATERBOOY 

EJ COUNTY LINE 

C SECTION LINE 

u OJ.rt Ar n«nll! °' 1rr »l'lffNAL. zorHU• 
.._,,,,111unuiocu1111rrwiOF1tVUr1tovAL j ._ 

PR£UlmfART 
•Nl.1lN(i.j • EA!l;'HlDN'..llCX\\CT•~ · 

• rcusmtA:. • rs;usn:u:nRE • sust11tlA!IUTY • 

..-:.. .. ( 

KEYSTONE 0486 

020971



upEnttm S«Ylus Inc. 

• MILEPOST-

-:-- ROUTE VARIATION (RV} 

>------~------! T:•ll»XS.SU1 •• 

:~=··"'" :::·•exp i..:.;;;;:_;;=;;;;_--'-'=""--"---l TAl.LIHASSttfl:n:>l,\N. • 

1------------:-""'1 
- ISSUB> CENTERLINE AT TIME OF RV" 

0 WA.TERBOOY 

·~ COUtm'UNE 

Q SECTION UNE 
,__ _________ __, 

"CLOAR'AT rHlTllrle Ol'ff.V »PttrWAL•:OIUl-U 
"1tP0,,1HC'JSSUlOCUTTHiTIMiOl'lfVAl'f'lttN.U. I&&"-

•ll.lllltQ•UATl"l&EN'.tROh'l.ENT·~· 
• l'DOSn::ut.. • t'l'ltlSTi:te:\.IR.E • ~USTJ.DW'IUT'I' • 

-~1 

KEYSTONE 0487 

( 

I . 

020972



• MILEPOST- 0 WATERBODY 

-ROUTEVARL\TION(RV) EJ;couNTYUNE 

-ISSUED CENIERUNEATTIMEOFRV" D SECTIONUNE 

'c:&.OA1C,1.T~f'Wl!'Ol'llV»ntOVAl.·10U.OC.rt 

.._o,1H~maca.Ar1Hi"1M'OFlf'f,,,,.ltfNAL I~ ~1 

KEYSTONE 0488 

020973



upEnetgrSttvleesfnc. 

e MILEPOST-

"'""!'- ROUTE 'VARIATION {RV} 

£> WATERBODY 
f=,,,.,-=----.,=,,--,,..---t ::::~ .~;. '"'""""""'"'"'.. ·.;·exp I-----~-----< l~fllllOl.W • 

t--=----""-''-------i 
-ISSUED CENTERUNEATTIME OF RV" 

1 Iii COUNTY LINE 

D SECTION LINE t-----~'--~-----t 

'UDATe'ATrHt nMEOl'R'' ,,_,,IKNAJ.• :01J.4J.t4 
""'"°O"-JH.flSSUl:oCUT.THl!TIUl!'~IWNf>ltOVAl. j .... ,. 

• kt.nHCS • ~ifH•"°"~•f?OGY• 
• rousma.rit. • rnu.sn:ucn.R£ • suswoiaurr • 

~1 

KEYSTONE 0489 

( . 
\ 

020974



( ' 
\ 

l 

• L41LEPOST- ,C MTERBOOY 

- ROUTE VARt.a.TION CRV) ~ COUNTY LINE 

-ISSUED CENTERLINE AT TIME OF RV" CJ SECTION LI HE 

'CC. OM~ AT 1H21mr O' lf'l NnCl'VAl .. 1010.tMI 
..,,,,,,n«issuBa.ArrHl!111ir01lf'lur1trNAL I-

PAtUl lXART 
•aJ:.OHGS·~&[H'l.IQl~ • boa't'• 

• tl'UtlRW. • tl!UST~ • SUSl.IDlolSl.tlY • 

!Mil 

KEYSTONE 0490 

020975



• MILEPOST-

- ROUTE VAR'°"TION (RV) 

up Energy Services Inc. 

>-----~-----11:·::= .:;. 
i-;;;;:_;;=;;_--'-=""--"-----ll'AU.WiS>Ef.fLll)Ql,USA • 
1-----.,.,..,,..,.,-----,,-,,,11 

-ISSUB>CENTERUNEATTIMEOFRv-

C WATERBODY 

El COUl<TY LINE 

CJ SECTION LINE 
,__ _________ _,, '"'"'"""""""" ····exp 

• u.o.-GJ • ~&fHMClffloCl1' · ooav · 
1--------------il • rt"UStmi.. r.JlllSTruc:MU:• Sl.ISl.IJt~· 

UOATZArner..rtNfl'(An'lfrNAL· 111f:HJ.f4 
"'tllt0'1HUSllltDCf.ATJ'Htfll«l)l!IWU.."OVAL I wi: 

KEYSTONE 0491 

~· 

( 
' 

020976



("1 

• UILEPOsr- g, WA.TERBODV 

-ROUTEVAR!ATION(RV) ~·COU~UNE 
- ISSUED CENTERLINE AT TIME OF RV" SECTION LINE 

PRD.nl!l(AJn' 
• JJ'.0.'iGS • wmtl!HnQ'&.E,T• DOO"I' • 

11------------ll ' rcus~ • J1RASTR.ICT\Af· susmtwnm • 
"Cl.DAl~AT~111rl%01trtl»l'fCQVAJ..2'D41-" 

..,;,.~~mUmci..Ar.MnWto~.WurMv.u j...,._ ISC{J· 

KEYSTONE 0492 

020977



• MllEPOST

~ROUTEVARIATlON(RV) 

~ ISSUBJ CENTERUNEAT TIME OF RV" 

C WATERBOOY 

EJ COUNTYUNC 

El SECTION UllE 

'Q.OA1tArrHt:J'Wl'°'lffUf¥f!NJJ. • :OIJ.Ol.ll 

-W°'.11«t:JWlDet.Ar~~Ol'lfYAl'r~avAL '""'" 

• a.11.lVQ • t.Mn1&0t.IROOl.o()j'f • OO at • 
• rDUSTRl.11. • ~~ • susmwrurr • 

...S''""' 

KEYSTONE 0493 

! 

( 

( 
\ 

020978



• MILEPOST- 0. W\TER900Y 

...,..- ROUTE VARIATION (RV) a COUNTY LINE 

- ISSUED CENTERU<EATTIME OF RV" '('.) SECTION LINE 

•fJ!.t\\CS•twlt&EH.~·EJ.vte't• >------------<! •tNTJllll. •r~~· SU$Nfo..aut'f• 
"U.O.IJl'AT~nrt°'lfVAl'PffQVAL.10,UC.fl 

.. Jll'Ol'JH~ISSUmct.ArfJC'Tllll'C#IWNrltt:NAL ! .-it. j .... 

KEYSTONE 0494 

020979



• MILEPOST- £> WA.TERDOD't' 

-ROUTE\!\RIATION(RV) ttiJ COUNTYUNE 

- ISSUED CENTERLt<EATTIME OF RV' CJ SECTION LINE 

UOAnArTHE1'MrO,INA#'1lOVAL· lff .. 1M• 

~°'1H£1SWlDCLArrHl!nMf°'lt'fAWltOVAL !-

• llJl!L'CS • EAR?NlDl.tACWJ.ElT• DSGY• 
· r~ · rnv.stRUC'TUA( · ::.tnWl..aut'f · 

KEYSTONE 0495 

\ ........ . 

020980



• MILEPOST0 D MTERBOOY 

- ROUTE VARIATION (RV) S COUITTY UtE 

- ISSUED CENTERU•EATTIME OF RV" :'::J SECTION LINE 

• IUILL'.Q • EA.litH'EN/Jte:tl\EJ-.1• DOCY• 
1-----------l I • tl'USTl\U.l •rRUnrucMt:• $.1:5TMl;QIUTY • 

'a. OAR'AT THl!n.e' ot'ltV A#'ftOVAC.·tfl,..U 
~Ol'rHrmUmcurrffi!nuto~ri.t..MVAL j ... ,. ::oe--.. ~1-.... ~··~ ....... 11 - 1~ 

KEYSTONE 0496 

020981



• MILEPOST''"" !} Wl\TERBODY 

~ROUTEVARIATION(RV) '~·COUNTYUNE 
- ISSUED CENTERLINE AT TIME OF RV" Q SECTION LINE 

'CLOAJ'i!'ATTHaT-~lfYAl'#fltOVAL·.20fU...U 

...;,,;Ofl''Hl!&SSU!DC:Ur'fffl!.Tlllt,;;llYA/f'flOVAL ! wt 

Pltll.JllJNU'I' 
• ll.1\0.'Gi • EARTH I OU.itotJ,.IEJ,7• OSCf • 

• tMTfU.1.1. • NR..UTllV:Ml!• "-'STM:...aufi • 

~.l11 .... "* ..... "'l)l~ ........ 11- ~n..l"-'J.J '"°'· ~1 

KEYSTONE 0497 

( 

1. 
I 

I 

020982



• MILEPOST- 0- MTERBODY 

-ROUTEVARIATION(RV) EJ COUNTYUIE 

-ISSUEDCENTERUHEATTIMEOFRV- 0 SECTIONUNE 

"CL 0.U. Ar 1Hll F-. OI' 11.Y AN'#«NM. • » 1241•17 

°""'°'nit"asUJ.DC:t.ArTHl'rarrOl'INAWllJNAL I..,. I .,, 

KEYSTONE 0498 
020983



/' 

( 

• MILEPOsr- £> MTERBODY 

-ROllTE\IARIATION(RV) ~COUNTYUNE 
-..,. ISSUED CENTERUNEATTIME OF RV" °f:I SECTION LINE 

PU\llllJU,A'i' 
• aJUl.IG • E>J\OtlD/.\:0.:1.E>lT • EtaCY • 1-----------H •ro.Gm.ic. ·r~· .:.wn.at~ · 

'Ct.OA~AT'tHE twt<JlllN All'ltOVAl.·:Ou.tlJ.I~ 
.... O,THtlSSlltDct..Arl'He'rwl'Of"Wm"ovAI. , __ ~1 

KEYSTONE 0499 

020984



(\1 

(_ 

• MILEPOST-

- ROUTE VARIATION (RV) 

- ISSUED CENTERLl<EATTIUE OF RV" 

C> MTERBODY 

6 COUNTYUNE 

CJ SECTION LINE 

"Ct. o.trl! ATTH,Ta« Olf: IN .LIWIO\IAL.tofJ..oc. ff 

"""01THl'ISSUfOQ.AT1~Ti:Mtcir1WAir.wt.u. I~ 

• klUt'G • EWHlE.11.R'IN\EJlT• 0£~· 
• r~um:u1. • r~JaJC:\.Rf • tuSlWWllJIV • 

l..ur 

KEYSTONE 0500 

020985



• MILEPOsr- £> ""'1'ERBOOY 

-ROOTEVARIATION(RV) ~'COUNTYUNE 
-'"-ISSUED CENTERLV'lEAT TIME OF RV" ~ SECTION LINE 

• 9.llll'ICS • EARTHl Oi't.AOtllEMT• DEitCY • 
t-----------t1 · rc:usmA-·r~ · S1SUD~· 

'Cl,.OAT•ATrln79aO#llVA#'ltOVAl.·J•tJ..OC.tf 

.._.Ol1H~ISSUCDct•rTH!lllll!'°'INA#rtfOV.AJ. j..,. 

KEYSTONE 0501 

"\ 

/ 
\ 

020986



• MILEPOST- !> MTERBOOY 

- ROUTE VMllATION (RV) S COUNTY LINE 

- ISSU8l CENTERLl'IEATTIME OF RV' Q SECTION LINE 

u:p En«qy SflVfcet lne. 

lt-:::=-=---r=:-::----;:---t1T;•ll54lU5.UI •• 
~~= .. ll\t\ ~-:.•exp 

11-----~-----~1uww.sstE.R!fXt.l.GA • 
lt------------,::-'O".~I 
lt-----------~1 

• EUUl.'G • EARiHlDINOllOT• ao::t• 
lt------------11 "fCUJrPVI.• rllU.STJa.JC:n.Rf • ~tAtWIUTY • 

'U.0MaA1,...Ta«OlltVA#/llOV.Al. 0 10l,_ff·f* 
~°'1H!liiulDa.Arr1«nai'011WA1PtttiVAJ. IWl. !oow 

KEYSTONE 0502 
020987



-· upEnergySttvlm Inc.. 

lt-::==----.==--::--;1t::~ .,:,• . ..... ..,,,, ... .,, .. ·,;·exp • MllEPOST- !> \\11\TEROOD'f 

-ROUTEVARJATJON(RVJ ·~ COUNTYUNE 

~ISSUEOCENTERUNEATTIMEOFRV' CJ SECTJONUNE 
11-~---------,.'-;1 

11-----------;1 

'Ct.O.lrl'.l11H•,_,_"VAl'P .. OVAl-10'~ff 
"'llJIOftH~mutoa..crn~na.t!"OllfV»rltOV.U. I-

UUMWtt.Flllm.USA • 

KEYSTONE 0503 

I· 

020988



exp Cnttqy Scrvlees Inc. 
1--------~-----ll t:•l.mJl.S.Sl&I • • :;.;:= .. M,.. ::,:exp 
f-'="--'==--'-==--"---lllM.UHWa..fllmS.USA • 
l-'-~---~----.,.=-11 
1--------------11 

• Mll.EPOST- C WAJERBODY 

-ROUTEVAfl!ATION{RV) ·a ·couNTYLINE 

~ ISSUB> CENTERLINE AT TIME OF RV" D SECTION LINE 

• fUUl.'Ci. EAR>HlEHIJOll.!M'"• cacr· !-'-----------u · rCUSm&A:. ·r~· ~r.•.uwrurv · 
UOAT.l!ArTH~T~~lllVAHlfOVAL·lll,,,_U 

.,.,Of1HEWU!Dci.irrHtTIWOflrVNf'iolfAL , ......_ 

'"'"'· 

KEYSTONE 0504 
020989



• MILEPOST- £> ,,...,TEABODY 

- ROUTE \IARIAOON (RV) Ej ,OOUNTY LINE 

- ISSUED CENTERLl<EAT TIME OF RV' CJ SECTION LINE 

• kll[L'CS •£,1.Rnt&D.'oliD'lloEn • Ol[;lC'I'• 

t-------------11 · r~ • NlVoSllilJC:ute . :u:.milA!IUT'f • 
"Cl.OAttATTHEnia!'OlflW~Al.·Hf&.ff.U 

-Wormtm11uH:u.rr~T11C"'lf'iur1trNAL I UZI 

KEYSTONE 0505 

020990



• MILEPOST... £> W\TERSODY 

- ROUTE·VARIATION(RV) a COUNTYUNE 

-ISSUEOCENTERL .. EATTIMEOFR\r j3 5£CTIONUNE 

'Cl.DATl!ATIJa!'TIIU!'Ol''"»nKNAL·20fJ.Ol.fl 
.. lll'Ol'iH'trssuma.ATrHi°'niiiO,lf'fiirtwVAL , .._"I. 

• IUllNCS • £»tl'H& E>M~UDl'T • 9,ac;r • 
•roosn::iA:. · t~·str.iTIJ'IUaJT't• 

~1 

KEYSTONE 0506 

020991



• MltEPOST- 0 MTERBODY 

-ROUTEVARIATK>N(RV) El COUNTYUNE 

-ISSUEDCENTERUNEATTIMEOFRV" Q SECTIONUNE 

up Enm Setvfcn Inc. 

It-----~-------< i:•t.t:50.SS.SMt • • 

~=IJlll.\U. ~~·;iexp 
lf-"""-~""'---'-'==--'---i TAUJW.sSEE.fllmtUSA • 
It-------------< 
11-...;_ __ ....::;""';;.::;:'----'"-"-l 

• kt.Cl\CS. UJUMl[HAA:::llll.E>IT• [J.aG'I'• 
• fOJSml,lrt, • J.n..uf~ · SUSt>Jt:.8UTY • 

"Ct.OM~Ar1Hltf'OlrMIW»HOV.U..ztl .. ffofl 
"111'°'11«1lStltlU:LArT~iau!CWlffAll'ltfNAL !-. ~1 

KEYSTONE 0507 

020992



• MILEPOST- £} MTERBOOY 

- ROUTE VARIATION (RV) a COUNTY UrE 

-ISSUED CENTERLINE AT TIME OF RV' E) SECTION LINE 

•fl..t..ata • EARTH&~t.it:Jtii.DT• Dact• 
• rMm&.-.:. • tr.u.slr;u::n.Af• 3.ISTAllOl.!ftJtY • 

( 1 _,, 

KEYSTONE 0508 
020993



• MILEPOST- !?> W\TERBOOY 

-ROOTEVAAIATION(RVI ;a COUNTYUNE 

~ ISSU8l CENTERl.t<EATTIME OF RV" CJ SECTION LINE 

-c&.o.4raArJH•t8'1'~1fVA#ltOV.U.·l•JJ..M.ff 

.. WOl'1'HIJSivmcurncr1lll!wr«YAW.1tOVAL l..i1 

• IUU1'CS •EAlmtlEH~·DSCY • 
· t~·r~aucn.l\f · :USTM!'WIUTY • 

KEYSTONE 0509 

( 

020994



(__1 

• MILEPOST- !> ~TERBOOY 
-,-ROUTEVAAIATION(RV) ,Ej COUNTY LINE 

- ISSUBl CENTERUNEATTIME OF RV' Q SECTION UJIE 

'U.OA1~At1H•t-t#lr,/~Al·ttPM.1f 

...,,.,,,THta.sumct.AT1HZiiW°'"'m"itovAL I'"'" 

KEYSTONE 0510 
020995



• MllEPOST- !> WATERBODY 

-ROUTE\IARIATION(RV) ;EJ.COUNTYUNE 

~ISSUED CENTERUNEATTIME OF RV" CJ SECTION LINE 

t<EmCHEXl.PROllECT 
ROUTE W•Rlr\TIO:l O'Z1~-02 upEnerqy StrYlu:s Inc. 

1-----~--~---llt•IJ».!ll.SWI • '" 

~;;J~.l.'ISWQ. ~~·:;exp 
i-:,;;;;...;"-'-"'---,,._,=""---'---,-llr~nm:e.w • 
t-----..,,..,,,,,,,,------==11 ,_ _________ __,, 

•a.IUl.'.ci•EARTN&fH,tiK)'l\OT•DSC'I"• 
1-----------t I • r~T1UIC.. • rJR.Ul"1..'CMf •SI.ISP.:~· 

'a.O.VMA'f11111JIUO'IWA#Ht<NAL•l'OIMMI: 
...,,0,1~tsiuaiCuri~TJJaM.ltVAh'1tOVJL 1 ..... ~1 

KEYSTONE 0511 

020996



npEnerqy Snlces Inc. 

• MILEPOST- £3. W\TERBOOY 

-ROlJTEVARIATlON(RV) a COUNTYUNE 

- ISSUED CENTERLINE AT TIME OF RV" Q SECTION LINE 

>-----~-----t f. •l~»SJMI • • 

~~=!N.t\'fl !~·~;exp 
i-:==-==""---'-'=""--"---l r~nmi..t.IS4 • 

!"'""'-"---------.,,,~ .____ _________ _, 

"Cc.OAT6A11H6,_.~lfV~·l•tuJC.1f 

""lll'Ol'iHtissutifCc.AT~TJMftWlrrAWMNAL I~ 

KEYSTONE 0512 
020997



• MILEPOST- £> ~TeRBODY 
-ROU'TEVARJAtlON(RV} S COUNTYUNE 

~ISSUED CENTERLINEATTIUE OF RV" Cl SECTION UNE 

'Cl.OMSATnft:TIMrOl'IW.Uf'IKNAl. · HU-OJ.14 
'"Ml!OlrtnUSllGICC.ATfl«JIMl!'(#ifvAlf'ltJNN.. j ... . 

•lllU1-.CS•EA.IUH&E.'l1QCIHl.ElT • o.tilC'I' • 
• rt"JSl'l'l1AL·r~·.51JSTMt~ · 

....ce.:I 

KEYSTONE 0513 

( 

I 
020998



• MILEPOsr- !> WATER80DY 

- ROUTEVJIRIATION(RV) tEJ COUNTYUNE 

-ISSUEDCENTERUNEATTIMEOFRV' Q SECTIONUt/E 

• llJl!L'G • ENUH&O.O.~· DOG'f• 
11------------tl • rL'1..ISlRlAl.•rnt.UT~·31JS~· 

'Q.OM,ArDll:ra.Ofklf'/NMfOVJU..:O•i-.t·U' 
"1il/IO,rH1''"'1L.DClAFT1«1111!°'1f'f,i,,.1"NAJ. , .. ,. _ .. "1-- _,,. ......... 11-

'""' 

KEYSTONE 0514 

-.-...:..:o ! 

020999



• MttEPOST- £} 'MTERBOOY 

-ROUTEVAAIATION(RV) :EJ.COUNTYUNE 

-ISSUEDCENTERUNEATTIMEOFRV" Q SECTIONUNE 

-a.0Ar .. ATncr..cw-1W»l"IKWAL-HU.ol·fl 
...,,._Ol'THrlSSIJEJJe&.ATTHErDIZCW:IW~j,,<NAJ.. ! u 11 

• ktW.os • £..Vml&ENAROrl\01'• EtacY • 
• rt'USTRW.•"11W5TliUCT\/Rf•MTA1.'"'-"UTI'• 

KEYSTONE 0515 

f 

021000



------~ -- --- --- ... ----- - - -- -- ------------------

• Mll.EPOS'r- D W\TERBCDY 

- ROUTE VJ\RIATION (RV) ~ COUNTY LINE 

~ISSUEDCENTERUNEATTIMEOFRV" · , SECTIONUNE 

·U.O.'CS • wmt&EHtJt:t.i.c.l· EtscY• 
11------------11 •rL'l.0111W. • tlllJ.1JRVC1\JRf•MtAlri'.!IUT'l' • 

'CL OAr• Ar TfM TIMI°' llY »1'140VM.. JOfl41·f2 
-woii~rs·wlDct.ArrHtnui01ifv.Aw1t.tiVAL I .... I wn 

KEYSTONE 0516 

~1 

021001



• MILEPOST- !} W'iTEROOD'i 

~ ROUlE \/Al<IAT!ON {RV) , EJ COUNTYUNE 

~ISSUEDCENTERUNEATT!MEOFRV' 0 SECT10NUNE 

• llll"CS •UJUMl[H.~\01'· Dact • 
1-------------il " tOUSl'llZ.'L•J~ ·SU:Stt.lt~ · 

"U.OA11'A11Hl,.,.~llVA#AOVAL·101J...,,_1f 

"""'"'fHfBSVl.DCurJHilwt°'flrfANMNAL 1 ... 

KEYSTONE 0517 

.. 

( 

021002



{~· 
' I 

upEnrrqyServit.tSlne. 
11-::==:---,=:::-----::-----j T:•l~I •• 

• Mtl.EPQST-

- ROUTE VARIATION (RV) 

8> """'TERBODY 

::::::::::::~::::::::~::: ~nnl.USA • 

-ISSUED CENTERLINE AT TIME OF RV" 

1 e .COUNTY LINE 

Cl SECTION LINE 11---------------1 

~~=Rlk\t\ ~~·;iexp 

UOM•A.Trf«Tlll6°'11.V»PMNAL-HU411·U 
~O, i~is-WmCu.rrHr111r1t: tiilrv~lf.°ovAJ.. j ... . 

KEYSTONE 0518 
021003



• MILEPOST... 0 WATERBOOY 

-ROUTEVl\RlATION(RV) ;e COUNTYUNE 

~ISSUEDCENTERUNEATTIMEOFRV' CJ SECTIONUNE 

• M.trCS • £JJmt&DMRC:fnE10' • OSC1 • 
ff-------------Jf•tNll'i.lA:.•tfil.UUU;T\IU:•SJ$~ · 

'C&.0Afl'A1'tHl1IJll:Ol'fNAN'fl:OVAL·lll~fl 

....,°'NU!'mwoct.ArTHrra&!"OFtwAlittrNAJ. fa. it. 

KEYSTONE 0519 

( 
' ... ~ -

021004



L 

• MILEPOST ... 

- ROUTE v.\RIATION (RV) 

= 1ssuEDCENTERUNEATTIMEOFRV" 

0 MTERBOOY 

~COUNTYUNE 
.. SECTIONUNE 

• llJl.O.~ • EAft.HtDI~ · OGC'f• t-----------U · r4'U5~ ·tffUSfRUCMU; • susm~n • 
'CtOAt~ArrHCrac°'lfYAH'ftrtVN.· •.,....•• 

.._,O,fHf!Usuri.itt.1rrffr•t#triA#ltfN.U.. , .,." ~ .. .;.,_... ·-··.- ... 11- ,_ 

KEYSTONE 0520 
021005



• MILEPOsr· 

- ROUTE VARIATION (RV) 

- ISSUED CENTERLINE AT TIME OF RV" 

C WATERBODY 

I~ COUNTYUNE 

0 SECTION LINE 

'Cl.OAT~ATTHafJM!'D'lt'VAl'l'IUNN.•HtJ.#.U 

...,,,.Ol'THrts'Suma..UJHl!JJJltOl'lfV»P'JtOVAL j.,.,. 

c 

PAtUallUJl'Y 
• a.rJrGS • EARTKIEHl.RCti\EHT"• OZEJ!r;t • 

• rMIN,l,l • rnu.slf\UCT1JIU! • !iUlilAlP..allTY • 

--~.,1 

KEYSTONE 0521 

021006



e MILEPOST"* 0 WATERBOOY 

- ROUTE VARIATION (RV) , EJ COUNTY LINE 

~ISSUEDCENTERL»lEATTlLIEOFR'r El SECTIONUNE 

"CLOARArfHCr~o'IN»f'ltOVAI.•#tz .... f. 
"'iU!Ol"JH~nS11mcurncr1DlioiirvA#ltrNM. j ._ 

•a.c..m«:s•Eo\RIHIEJMi!ON\VO'•O~· 
• H.'\ISI~ • ~frn.c:UI!• $USW..at.UT • 

,.......10!-.cr-o -·~'\r·-11- 1-

KEYSTONE 0522 
021007



• MILEPOsr-

- ROUTE \l\RIATION (RV) 

- ISSUED CENTERUNEATTIME OF FN" 

(> 'MTERBODY 

;Iii COUNTY LINE 

Q SECTIONUNE 

'a.OM• Ar 1HI 1114 ~Irv Nl"IOVAL · :OrJ.R-U 
"W°'J~tsSllfDCLA1 THETillt°'lf'IAwltf1VAL I ...a 

I ·, 

I 
\ 

"""''"""' ·~·£AA1lt&DMAOlll.Elf•OGC1 • 
• rM~ • JflWTIU:MU: • MDJll'."UJlY • 

KEYSTONE 0523 

021008



• MILEPOST- (} ~TEROODY 

-ROUTEVMIAOON(RV) lg! COUITTYUNE 

- ISSUED CENTERlflEATTIME OF RV" SECTION LINE 

KEYSTONE 0524 

021009



• MILEPOST- (> MTERBODY 

- ROUTE \IARIATION (RV) tlJ COONTYUNE 

- ISSUEDCENTERLINEATTIJJEOFRV" fj SECTION LINE 

exp Enttgy Stnricn Inc. 

11-------.------i1:-:::= ~-: .... 

'"'"n""""'"'" ··'·exp 1(-".;;:_"'-"-'--"'""'_,==--'--,,,--il'~nJn)l.W • 
11------------11 
11--=------===--='-----''---il 

• lltllHCS • fJJmtlEhWt:rillefi'• E?8C'I' • 
11------------<1 • rCUS~·r~·SUSNtOl6l.JlY• 

UCMRArTH(fJllt:Dl'tfVNl't'trNAL•NU-0.U 
...U.O#'~,,.,a'muLoa.Arnirrwr01t1NAHtroVAL 1-- ~1 

KEYSTONE 0525 

( 
'----

I , : 

021010



r'1 

• MILEPOST- 0 MTERBOOY 

- ROUTE V>JllATION (RV) S COUNTY LINE 

_;;.,,_ ISSUB> CEHJERUNE AT TlME OF RV" i§) SECTION UHE 

"Cl.OAR'ArnttT...:'O#llVAN'lfr:tVAL·lOlf.ff·f• 
-tU.oim~itSUEDd..Atrilrnur°'INA#ltOVAL. ,...,, 

• fUtD.'G • tAAl'HlEh"AAO'll,EJIT• f/SCY • 
• rCUSIRlA:. • rlAASTRVCT\JRf • ~f./Jl...surr • 

, ....... ~1 

KEYSTONE 0526 
021011



• MILEPOST.. 0 WATERBOO'f 

~ROUTEVARIATION(R\') •~'COUNlYUNE 
......;...1ssum CENTERUNEATTIME OF R\r El SECTION LIME 

"CLOA1eATtHC'11MeOl'lfVN,lf.W.-L•1tf~I 

..,.,on~isiviilcur.rNinwMRVU11JiiwAL 1 ..... 

'· 

( ,_ 

KEYSTONE 0527 

021012



• MILEPOST- !) WATERBOOY 

- ROUlE \AAJATION (RV) ,e COUNTY UllE 

- ISSUED CENTERUNEATTIME OF RV" Cj SECTION LINE 

• Ull.'a • UJillt&EU.~i.en'·VB\C'I• 
• rousrmii.. r1AAS1irucn.R! • MlAl.'WILITY • 

"CL ~AUAT TIC J111e OI' IN '*"'1'10VAL.·2fts.fJ.,, 
...... OfTHl!tsiVa(Ct...AfrHI!r111iOllivm1t<NAL , __ 

KEYSTONE 0528 
021013



• Mn.EPO:rr- 0 Wo\TERBOD'f 

~ROUTE1".RIATION(RV) :itlCOUNTYUNE 

-ISSUED CENTERUNEATTILIE OF RV- CJ SECTION UNE 

"" . . .• 
' ·. 

• JIJ'.tl'CS • EAAfH&D:.t.~· EJDCr· 
11------------jl •C'CUSI~ •tl'RA311!1.a\JRf • 5UStAlt;lSll.JrY • 

'CLOAlrrArTHC~°'lllfAH'tt<NAL ·lf'z.«).f4 

~°'~~mulDa.ArN«lllll!O#lf'IAWllOVAL 1-

KEYSTONE 0529 

.............. , 

I ~ . 

021014



l 

• MILEPOST- £) 'NATERBOOY 

- ROUTE\/ARIATlON(RV) IEJ COUNTYUNE 

,:.._ISSUEDCENTERLINEATTIMEOFRV- f.. SECTIONUNE 

• U!l.'CS • wmtlDI~· EtEitC'I' • 
1------------il • W'-'!STRZll..• f1'1ASTAIJCTUR! • SIJ:lNt;,i,esun' • 

'C&.OATrAT11C"f'IMl!'°'INNl'tKNAL-Zltf1-#f4 
~°'1HrtsSUUct.A1'1Hl!nui!Ol'1f'i.U.1trNAL j .. 11. j wn 

KEYSTONE 0530 
021015



• MILEPOST"" 

...;... ROUTE VMIATION (RV) 

-ISSUBlCENTERLWEATTIMEOFRV' 

C WATERBODY 

'S COUNIYUNE 

0 SECTION LINE 

'a.OA1t'Mfflt'T~Ol'lfV»r'ftOVN.·l•fJ.H.lf 

.. .,;.OIJHEIUUtoClA1THl!'Jatr0.StwA#ltOVAL j-.. 

• lUUINC:i•fAAnt&O:~ · DOCT'· 
•t'D.JS1RA:. ·r~T~· 5WWt~IJTI' · 

-····! 

KEYSTONE 0531 

( 

'. 021016



( _ 

·----- ·--- - ---· ---------

upE'nw!l)'Snlctslnc. 
!------~---------< 1.•IJ.5oULSSUI o• 

~~= .. ml\'D. !~·~~exp f...::::=-.:=;:;;;_--'-'=;:.;,...-"----1 f~fll2XIUJSA ,. 

I-"~--..,,.,""',-,-----,,~ 
!----------------< 

• MILEPOST- 0 WATERBOOY 

-ROUTE VARIATION (RV) EJ COUNTY LINE 

-=- 1SSUEDCENTERUNEATTIUEOFRV El SECTION LINE 

•llA!l'G·EJ.CrTH•EN'Ail:cfl\ErT• U$C"t'• 
• rc1usr.v.:.. rl1WT"1JC1\IRE. susrw~ • 

'CLOAnATTHrJ~Ol'/tVAl'f"lt!WAl..•:OIJ.Of.U 

...,,.Ol'JH.,UlnDtt.Ar.rl§Tfla0ttlfll'i.#1tOVAL , _ !..-

KEYSTONE 0532 
021017



• MIL£POST- 0 V\IA.TERBOOY 

-ROUTEVARJATION(RVJ EJ•CO\JNTYUNE 

.:.;;.... ISSUB>CENl'ERLINEATTIMEOFRV' t5 SECTIONUNE 

up£n1t!l}'Sfl"ViCHlnc. 

l-.,-----...,,.-,,-----ll1•1Bll1SUI •"' 

~= ... ~au~ ~:·.•exp 
1-~-.-..c----,,,.,,.~~~---,..,.-tlVWKA.Ssa.f\JlX».W • 
,_ _________ __,, 

• !IJl.D..'Cl • EAA™lEHl .iU<i\Elff• 06CY• 
t-----------<t ' 'o..iro:v.I.• ffiU!T~· SIJSJJJt..SUO'. 

'CLDMrll.TTtcr~04'1rfll.lf'/ltOVN. • tfff4J.l.I 

'?ll"01'1HltsiuUCLArrHna.o.rltVll.#ltOVAL. 1 .... :--1.a,.,_... ~ .... ,,......~ 11- _no.I._ ..... ''""' 

KEYSTONE 0533 

, ... .. 

:• · 

021018



(, I 

• MILEPOST•• 
~ROUTE VARIATION (RI/) 

-ISSUEDCENTERUNEATTIIJEOFRV' 

8> VW\TERBOOY 

IEJ ·COlJNTYUh'E 

B SECTION LINE 

"Cl.OAUAl"lH~l".u!Ol'lfV~AL·l.i .. ifo.JI 
.. ~o,-mrmUi:D'C'LAl"fHU _ _ MRVAl'rltOVAL 1-

PFX1.IWUCAR1' 

:-:-~!-- ·-·-· .. !!- j1oe11 

KEYSTONE 0534 
021019



• Ml~ D ""TERBODY 

-ROUTEVARIATION(RV) E!coumvuNE 

.--1ssum CEHTERUNEATTIUE OFRv- EJ SECTION UNE 

• U£lNC.S • £.ARnl&Ol,'lACMICrf· CEtGY • t-----------11 • rMIR>t. • r6RUTl'.'IJC1VRE • suswWIUTY • 
"CLAQ'l!AY1Ht~Ol'IWNl'~OVAL•10fMlWI 

Wo#tHl!ISSfJtOet.ArtHITIIM!'OFitvA,.!t,OVAL. 1 ... -·I 

KEYSTONE 0535 

021020



L ' 

D 'NATERBODY 

'EJ•COUNTYUNE 

- ISSUED CENTERUNEATTIUE OF RV" ·c SECTION LINE 

u0.&rCAT'1C!~°'AVAH¥f!WJJ..·nJ .. tl·" 
..,,,,.~o,-ild1:1rutiiiC£Arr>i.i.«Ol'1WU,111,ovAL !-. 1~ ~1 

KEYSTONE 0536 

021021



• MILEPOST-

- ROUTE \\\RIATION (RV) 

..:.=... 1ssueo CENTERUNEATTIME OF RV' 

D WATERBODY 

:e COUNTYUNE 

C secnoNUNE 

PltW • llU.RT 
• M.D:G • EARJH&DMRCt."'°1 • OGCY • 

lf------------11 •rQt..l5ilWll.·r~·SUST111"'9UtY• 
UOM~ArrtutuatOl'lfVMl'/fOVAL•nr~ll-jl 

...,,,°',,..,uui'Oa.AJJH6tDlllC#fWAHIKNAt.. !-.. 

KEYSTONE 0537 

· . 

.. -

021022



(~ 

!(EmOHfJl.Pl\OJf:Cl 

ROUI E VARIATION UZCZ-01 uptnwgySwvicn Inc. 
U-----~------Hlol~I o• 

• MILEPOST-

- ROIJTE \\\RIATION (RV) 
11-'""-==-----'-==-"'----Hl.lWKUStt.F\.lD:ll.USA • 
1~=---~,,,-,------,"7-ll_"_ 

~ISSUED CerrERUNEATTIMEOF RV" 

!:} WAJERSOOY 

El ·COUNTY LINE 

Cl SECTION LINE 11------"------~· 

:;;.:= .... ,,. \~·,;exp 

•lUU.'l>a •£J,J;,H&EWJ1Ct;t0t · ascr· 
1~-----------11 ·r~·r11USTRUCnRE• SUST.i.t"'31UTr • 

UDAnArrHClll«°'ltV»nf.rN~·blfJ.Ol.14 

~o;,m·nwcurMnMio.<!"":.W#tCW.AL 1-. :-M0"'1!-............. 1 ....... -11- I_. •. 

KEYSTONE 0538 

021023



• MtLEPOsr- 8> \'\IA.TERSODY 

-ROUTEVARIAT!ON (RV) e COUNTVUNE 

- ISSUEOCENTERUNEATTIMEOFRV"' CJ SECTIONUNE 

'CLDAR'AT~m.eOllCYAWltrlVAl.•#IJ4J.l4 

.._.011:'TH~ISSllmCLAT'n«TUUOUNiwl«NAL j..,.. 

( 

~~1~- ....... 1~· · -ll · ... ~~-;. 1-

KEYSTONE 0539 

021024



• MILEPOST- !) WATERBOOY 

~ROUTEV>RIATION(RV) ~ COUNTYUNE 

- ISSUEDCENTERUNEATTIMEOFRV' a SC:CTIONUHE 

• llD.IQ • t.UCH& EU/JICMe.1 • UO!RGY • t-----------1( • J'L'US~ • tlRUlrucn.flf• s:.GfNtWIUfY • 
'U.0AttAT11'«'1'111rOt'ICYPl'/KNAL•Ula.a.14 
•twmrrss~ttrita.•Tr~rwr~RV.t#lfOlo'..tt. I- ,_ 

KEYSTONE 0540 
021025



• MILEPOST- !) WATERBODY 

~ROUlEVARIATION(RV) !S COUNTYUNE 

---=- ISSUEDCENTERLINEATTIJ.IEOFRv- E:J SECTIONUNE 

~OAUA1n~Tlwt'IWlll.VA#ffOVAL·1#P-#ff 

.W°'nitusumcc.ArrH!'Tilll'arri..W"ov.11. I - '""""!-...-- """"'''"""-'"!!- ~·-....-: 1~ 

KEYSTONE 0541 

021026



• MILEPOST- !)o W\TERBODY 

-ROUTE\AA!ATION(RV) iG COUHTYUllE 

- ISSUED CEHTERUNEATTTME OFRV" t:l SECTION LINE 

L 

PlflM!Jturt 
•!ltJUlhl:.S•EAATH&EN~lT•DStCY• 

ll------------<1 ·rC11.1STRPL • rA\i\S1R\x:l\.RE• SUSWti/a\JTY • 

KEYSTONE 0542 
021027



• Mll.EPOSTa. (> ~TERBOOY 

-ROUTEVARIATION(IM E'.J ,CQ(JHfYUNE 

-ISSUEOCEHTERUNEATTINEOFRV' C ·SECTIONUNE 

eipEnetQY SttvlCHlnc. 

l-----~-----tl t.•IJS0.%15WI •• 

~~=NllMl. ~i·•exp 
J------------11rAWKA.SStt.Fl:ml.W • 

1-----.,...,=-:,.,------=7.:"tl ,__ _________ __,, 

• kt:L1NGS •E>Jn'MlEtM$0ll.E>IT• OSCY · 
1-------------11 · rous1~ • :.7RUT~. ~twwwrt • 

'CLOAlrArrHl!~O,ICVA,,lfOVAL•ffll~l4 

..,U.cwtHUU1JUH!t.Arrwnai!!'O'IWA"'itOvAL 1 ..... ~•·!-..- ...,..,1"""'•~!!- ""'""-'~ !~ 

KEYSTONE 0543 

/ 

( 

021028



( , 

• MILEPOsr· 0 VVATERBODY 

-ROUTEWJ!IATION(RV) 1a COUNTYUNE 

-ISSUEDCENTERUNEATTIJ.IEOFRV" E) SECTIONUNE 

'CC.OAUJ.rrHt.TM("°'ftVANlt:WAL·l•IO-fMI 
~Oi'iH~isSuril_d. •r i~.iu!°"IWAlf>fllt:NAL !-. 

' fUUJlG • UJmt&EN~· ~· 
·rL'CSU\tA.:. • tlMAStlll.ICTl.l\f • 5Ll!tw~rr· 

J'""'l., .. . . 1-...-. ..... "lj .~ ... 11- ............ ..., ........ I loCll' ~1 

KEYSTONE 0544 
021029



• MILEPOST*" D Wo\TERSOOY 

- ROUTE VARIATION (RV) EJ COUNTY LINE 

~ISSUEOCENTERLINEATTIMEOFRv- El SECTIONUNE 

• &.alt'fl$•U.RTHIE>l~· V6Cl'• 
lt------------H 0 rcus111W.·r~nu:;M.E• ~TAil~ · 

'C,OARATTHET&lll!Ol/llVAn'/llWN.~2'1141-t4 

"W0,.J)f!'JSSl/fDCLAfJH21Jlle0,lrV.U,.ll:OVAL , ...,. 

KEYSTONE 0545 

I. 

021030



fZ> VIO'JERBOOY 

EJ COUNTY LINE 

15 SECTION LINE 

• !Ul.D:'C. • !AATM&EJlfJl:CtM1(J• Uac"t • 
t-----------tt • IOUSU\IAl • flFRl.ST~•SJSfW....m.ITT• 

-a. OAr~.-.r rHC 1lllr """" Nt'lfJNM.. Z,,0.ff.fl 
""iu!CiiHEwUiiu:qrrHi.rvll!tiifllVAr.icYAJ.. j..,.. 

'"""'' 

KEYSTONE 0546 

021031



• MILEPOST- tJ, MTERBOOY 

-ROUTEVARIATION(fM .i:5J,coumvUNE 

-ISSUB>CEHTERUNEATTIMEOFRV" CJ SECTION LINE 

"C&. OAR' ATJHC Tlla Cl' IW Nf'fltOVAL • lfU-H-11 

'".llf'°'lHUSSVlOctATTHfTIMtOl"lfYAl'P'AOY'A&. 1 .. " 

· ll...IUN>S •£JJIDllDl.tROtl t.IFJlf • ErEi\GI' • 
• rOl,Ot1iVt. • r.t'R.lSTJIUC:'VRr:•MWWIUTI'• 

KEYSTONE 054 7 

/ 

( 

I ' 

I. 021032



~. 
I 

· - ----- ------- - -- ·-------

• MIL£POST- !} W\TERBOOY 

==i" ROUTE VAAIATJON (RV) 'Ej COUNTYUNE 

-ISSUEOCENTERIJIEATTIMEOF RV" Q SECTION LINE 

'a.OAraAr""11M&'Cl'lf'/»t¥t!NAL·lOlz.n.ll 

~a;nu:·issiiEJcc.MrHi-iKof.1tV..W1tovAL j .. 11 yu,~·l .... 090 ....... , ~ ....... 11 - .. ~:. I i.rr ~1 

KEYSTONE 0548 
021033



• MILEPOST- D W\TERBODY 

- ROUTE VARIATION (RV) 1a COUNTY LINE 

-ISSUEDCENTERLINEATTillEOFRV" 'EJ S£CTTONUNE 

"CLOAT•ArrtdnadOl'IWN'1tOVAL-HU.O.U 
~cwMmulD'a.Arr1«raiiOflln';,,"ovAL j ..... 

""""''"' ·ktU!.'G•fJJtrHlfN'·1AOICt.EJIT·~· 
· r~·r~·susmMUTY· 

~1 

KEYSTONE 0549 

I 
\ 

I · 

021034



• MILEPOSY- l> WA.TERBOOY 

-ROUTEVARIATION(RV) EJ COUNTYUNE 

- ISSUED CENTERLINE AT TIME OF RV" D SECTION UHE 

-·· upEnerqySttvlc:n Inc. 
f-----~--..,,.---111;•1~1 • • 

~= ... tum. ~~··;exp 
f-"'.:....;;"""""---'-"""""----,~11ALIMU$0Cnm:.s,USA • 
1-----...,-,""",-----;:::7.711 

· BJ!.D~ • E'ARTMIEJl/.ifet,i.Ef'I"• DatiT• 
>-------------1 1 ·rM?AiAL ·r~· :;ust.l.11wrurt· 

UOAUAT~TWl'OlllWNl>lfl:NAl.-JOrJ.01.f:J 

..WOl'mtmuloa.ATJHl!nutcwiwAIP~OVAL I Wt. l...n 

KEYSTONE 0550 

021035



• MILEPOST- (:> 'N\JERBOOY 

~ROOTEVARIATION(RVJ <S !COUNTYUNE 

-ISSUB>CENTERUNEATTIMEOFR'r CJ SECTIONUNE 

·~ · ENnH&Do'r;o..\OT • OOGr• 
1---------- ---11 ' ra.ismAt • r'ftUJA.ICfl.ft! • $1.tSWiolaUN • 

UOA16AT1H6,_.°'lfV"""'OVAC. · 111tJ..40-l4 
"'#1'°'"1'HllSSutoct.ATU«lae01itvi1P110V.U. , .... ,. 

KEYSTONE 0551 

I . 

. , 

( 

021036



<"1 
\ 

c 

( ,' 

• MILEPOST- fJ:> WATERBOOY 

- ROUTE VARIATION (RV) ffJ COUNTY LINE 

....;;.. ISSUED CENTERUNEATTIME OF RV" C SECTION LINE 

-~ 
expEnttqrSHVlceslnc. 

11-----~------llf:•l~l . .. 

:~::i= .. ~,,. ::,~exp 
ll-'.;;:...==..--1.-==-'-=-H'.IU,l.H.US[!,flllD.USA • 
11-----:---:-::-:-----,"""~I 
11-----------~1 

• IUL!l.'CS•EAAf'H&EH.~·DaG'f• 
11-----------~1 • rCUSTWI. · r.muT"1..leflJR! • ~\O'Nl..aurt • 

'CLOAnAr11«11't:O,/fll»PfKN4L·HfJ.-.f6 
WU11,.0,:TNl!riiiimCL.1.rna·roironrvAWttOVAL I~ j wu ... ·~! 

KEYSTONE 0552 

021037



r 
·". .. 1• • ..1 . ~· ~, 

:.: ·~ 

• Mll.EPOST- C> W'.TERBODV 

~ROUTE VARIATION (RV) a COUNTY UllE 

--"- ISSUED CEllTERUNEATTIME OF RV" Q SECTION LINE 

• MJJ.'Q • ENm1 I EHAACW\EHT • D;£RCY • 
1-------------<1 · tousn:ai.&.·r~· :u:n~l'.!IUN · 

'CLDAttArnu nl'2""'1fV»l>lfOVAL·10f1-=-u 
..,.011Ht''"'1UICS.AttmrJWl#tN~ttfNAL 1 .. , -=I 

KEYSTONE 0553 

( 

I' 
[·. 
,. 

i. 

I· 

021038



• MfLEPOST- 0 ~TERBODY 

.....,,. ROUTE ....... IATION(RV) SCOUNTYUNE 

- ISSUED CENTERUNEAT•TIME OF RV" CJ SECTION LINE 

KEYSTONE 0554 
021039



• MILEPOSr· t:} MYERBOOY 

-ROOTEVAAIATION(RV) 1EJ,COUNTYUNE 

.:o.;.;;. 1ssumcENTERUNEATTIMEOFRV" 0 SECTION LINE 

'""""""' • a.t.Q.'G • UJmtlDIAAOl'f\OT • 08C'I'· 
11-----------il • rtUUfllAI. • rnt.utl'U:'Mtf • MW:~UT'I' • 

'UOAfi'Armcr~°'fNN'flO!t'AL·lf•~·' 

--iutrwiHEtssuioa..Ar,TH*.111U!C#lf't.AHll.CNAL I a-fl 

KEYSTONE 0555 

( 

: · · 

021040



. - --- - ---------

• MILEPOST .. 

- ROUTE lll\RIATION (RV) 

= 1ssum CENTERLINE AT TIME OF RV' 

f:> VW\TCRBOOY 

/r;;;J ·,COUNTYUNE 

Q SECTIONUllE 

-a.OAn'ATllU1lUl'<1'1fVAl'l'ftO'IAL· 10l)..OC.ff 
..,.°'..JIUiisflm'et.Arilirru11friitCY~'MiAJ. 1 .... 

• 9.J:D.'G • E>Jr.M&EUt.l!CM&l• DOGY• 
• te\.OlliSAl. • rni.uT~ · MVJ.'W!IUIY• 

l..ar 

KEYSTONE 0556 
021041



( 

• MILEPOST- (J, Wo\TERBODY 

-ROIJTEVARIATION(RV) ·B 'COUNTYUNE 

~ISSUEOCENTERLINEATTIMEOFRV" 0 SECTIONUHE 

• BJl,.D.NCl • tvmt& Dll.RCfl\EP,T • DOC't • 
• r£'USlFJ.Al • rntUt~ • $JJW:i'lfUT't • 

'CC. D.lrl' ,l.T m• nos°" llV MPl'IO\'AI. .JflJ..OS.U 
.. ,.,,,,_THE.muma.ATT~TtMttittWAlf'll.CVAL I wa ::1. .. ~ .. ..,(..,•co. ,.,..,.>1"""1••11- ,..........,,.....:...1 I wn 

KEYSTONE 0557 

021042



() 

e MJLEPOsr-

ROUTE \AAIATION (RV) 

=ISSUEOCENTERUNE~TTIMEOFRV" 

£> -ERBODY 

IS COUNTY LINE 

CJ SECTIONUNE 

'""' 

KEYSTONE 0558 

021043



np Energy Sttvfces Inc.. ,_ _________ _,,,:·~· ... 
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South Dakota Route Variations 

Route Variation Number State Countv Reason 
~ou1e variation 10 mm1m1ze constructau111ty ano safety concerns w1tn 

0166·01 SD Hardlm:1 current Countv Road 988 crossing. 
Route variation to minimize constructablllty and safety concerns with 

0167·01 SD Jones current Interstate 90, Hwv 16 and State Railroad crosslm:1s. 
Route variation to minimize landowner Impacts and reduce crossing of 

0172·01 SD Tripp varying terrain features. 
Route variation to minimize constructabllity and safety concerns with 

0178-01 SD Tr1DD current Interstate 90, Hwv 16 and State Railroad crosslm1s. 
0179-01 SD Harding Route variation to avoid endangered species. 

Route variation to remove unnecessary points of Inflection In the route 
0181-01 SD Haakon and reduce the route length. 
0187·01 SD Haakon Route variation oer landowner reauest and to avoid crossing a oond. 

Route variation per landowner reqtiest to mlnlmze construction Impacts to 
0188-01 SD Haakon a oond. 
0190-01 SD Harding Route variation to avoid paleontologlcal features. 
0192-01 SD Harding Route variation to minimize multlole crosslm:1 of a waterllne. 

Route variation per landowner requests to avoid a row of trees and 
0195-01 SD Tri PD minimize landowner Impacts. 

Route variation to mlnlmlmlze crossing length of Hwy 73 and 
0196-01 SD Haakon constructabllltv concerns. 
0199·01 SD Perkins Route variation to minimize multiple creek crossings. 

Route variation to minimize multlple creek crossings and avoid paralling 
0199-02 SD Meade drainage feature. 
0199-03 SD Haakon Route variation to avoid oaralllml drainage feature. 

Route variation to minimize creek crossings and adjust for better · 
0199-05 SD Haakon constructabllltv of creek crosslna. 

Route variation to avoid drainage feature and eliminate construction 
0199-06 SD Haakon Impacts to the levee. 
0199·08 SD Lvman Route variation to avoid dralnaae features. 
0199-09 SD Trlllll Route variation to minimize multiple creek crossings. 

Route variation to minimize creek crossings, adjust for better 
constructablllty of creek crossing and minimize construction impacts to a 

0200-01 SD Haakon IDOnd. 

0212-01 SD Hardim1 Route variation to accommodate HOD des Ian for the Little Missouri River. 
0214·01 SD Meade Route variation to avoid a well and levee. 
0214-02 SD Tripp Route variation to avoid a well and Impacts to a fence. 
0215-01 SD Harding Route variation to avoid varying terrain features. 
0215-02 SD Meade Route variation to avoid paralllng a creek. 
0215·03 SD Haakon Route variation to avoid sudden terrain change. 
0215-04 SD Tripp Route variation to avoid road crosslna within a wetland area. 
0216-01 SD Lvman Route variation to minimize side slope construction. 
0216-02 SD Tripp Route variation to minimize side slope construction. 
0220-01 SD Haakon Route variation to accommodate HOD design for the Bad River. 
0224-01 SD Meade Route variation to minimize multiple creek crossings, 
0239·01 SD Haakon Route variation to avoid sudden terrain chanae. 

Route variation to avoid ridge lines, varying terrain and sudden terrain 
0252-01 SD Meade chanaes. 

Route variation to avoid ridge lines, varying terrain and sudden terrain 
0252-02 SD Meade chanaes. 
0252-03 SD Haakon Route variation to accommodate HOD design for the Chevenne River. 

Route variation to remove unnecessary points of inflection in the route 
0256-01 SD Haakon and reduce the route length. 
0256-02 SD Haakon Route variation to accommodate a road crossing. 
0256-03 SD Jones Route variation to minimize the route lenath. 

0257-01 SD Perkins Route variation to avoid construction foot print Impacts paralleling a road. 
Route variation to avoid route and construction foot print impacts 

0257-02 SD Meade parallelini:t a road. 
0258-01 SD Hardini:t Route variation to avoid crossing a pond. 
0260-01 SD Haakon Route variation to accommodate waterline crosslni:is. 
0260-02 SD Haakon Route variation to accommodate waterline crossings. 
0260-03 SD Haakon Route variation to avoid construction foot orlnt on waterline. 
0260-04 SD Haakon Route variation to avoid crosslnq waterlines. 

Route variation to increase separation of route and pond spillway due to 
0262-01 SD Haakon constructabilitv and avoid ootential future concerns. 
0269-01 SD Harding Route variation to avoid cultural site. 
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South Dakota Route Variations 

Route Variation Number State Countv Reason 
Koute variation to avo1a constuction root print impacts to cattle guara ancl 

0270-01 SD Meade fence. 

0272-01 SD Haakon Route variation to minimize side slope construction and varvlm:i terrain. 
Route variation to remove unnecessary points af Inflection In the route 

0279·01 SD Jones and reduce the route length. 
0280-01 SD Hardlm:1 Route variation to avoid varvlna terrain and sudden terrain chanaes. 
0281-01 SD Harding Route variation to avoid side slope construction. 

Route variation to minimize drainage crossings and avoid paralleling a 
0282-01 SD Harding drainage. 
0285-01 SD Haakon Route variation to accommodate road and creek crosslnas. 

Route variation to remove unnecessary points of Inflection In the route, 
0286-01 SD Haakon reduce the route lem:1th and better valve location. 

0287-01 SD Lvman Route variation to accommodate road crosslm:1 and better valve location. 
0289-01 SD Haakon Route variation to accommodate pump station design. 
0289-02 SD Jones !Route variation to accommodate auma station deslan. 

Route variation to avoid paralleling and minimize multiple creek 
0291-01 SD Hardina crosslnas. 
0292-01 SD Hardina Route variation to avoid paralleling a creek. 

Route variation to avoid construction Impacts to a pond and levee. Also, 
0293-01 SD Jones minimize varvlna terrain features. 

Route variation to avoid a well and construction foot print Impacts to a 
0294-01 SD Tripp fence surroundln!I a historical site. 

Route variation to avoid a drainage crossing and accommodate a road 
0295-01 SD Tripp crossing. 
0296-01 SD Butte I Perkins Route variation to avoid terrain feature. 

Route variation to avoid paralleling a drainage and increase separation at 
0310-01 SD Jones a washout at a creek crossln11. 

Route variation to avoid a cultural site and accommodate a creek 
0311-01 SD Perkins crossing. 

c Route variation to avoid side slope construction and sudden terrain 
0314-01 SD Tripp changes. 
0372-01 SD Haakon Route variation to accommodate valve placement. 
0381-01 SD Hardlnci Route variation to avoid crosslna a pond. 

Route variation to minimize construction foot print on adjacent landowner 
0382-01 SD Hardina propertv. 
0384-0'1 SD Meade Route variation to avoid impacts to adjacent property. 
0383-01 SD Jones Route variation to accommodate waterline crossing. 
0385-01 SD Haakon Route variation to minimize multlale crossina of a waterline. 
0395-01 SD Harding Route variation to accommodate pump station design. 
0395-02 SD Hardina Route variation to accommodate auma station desian. 
0395-03 SD Meade Route variation to accommodate pump station design. 
0395-04 SD Haakon Route variation to accommodate aump station deslan. 
0395-05 SD Jones Route variation to accommodate pump station design. 
0395-06 SD Tripp Route variation to accommodate pump station design. 
0395-07 SD Trioo Route variation to accommodate pump station design. 
0413-01 SD Harding Route variation to avoid washouts and sudden terrain changes. 
0442-01 SD Jones Route variation to accommodate waterline crossing. 
0443-01 SD Lyman Route variation to avoid paralleling a creek. 
0443-02 SD Jones Route variation to avoid oarallelina a creek. 
0443-04 SD Haakon Route variation to avoid waterbody crossing. 
0443-05 SD Jones Route variation to avoid oarallellnq a creek. 

0455-01 SD Haakon Route variation to Increase aarallel separation of route and waterline. 

0455-02 SD Haakon Route variation to Increase parallel separation of route and waterline. 
0456-01 SD Hardlnq Route variation to avoid an oil well. 
0470-01 SD Hardina Route variation to avoid creek crossing. 
0470-02 SD Haakon Route variation to minimize multiple creek crossings. 
0470-03 SD Jones Route variation to minimize muitioie creek crossinqs. 
0470·04 SD Perkins Route variation to avoid paralleling a creek. 
0470-05 SD Perkins Route variation to avoid paralleling a creek. 
0470-06 SD Meade Route variation to accommodate creek crossing. 
0470-07 SD Meade Route variation to avoid a pond. 
0470-09 SD Perkins Route variation to avoid ravine. 
0470-10 SD Perkins Route variation to avoid paralleling a creek. 
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South Dakota Route Variations 

Route Variation Number State Countv Reason 
0478·01 so Meade Route variation to accommodate road crossing. 
0491-01 so Meade Route variation to avoid drainage. 
0497-01 so Haakon Route variation to accommodate road crossing. 
0512·01 so Meade Route variation to avoid any well Impacts. 
0512-02 so Meade Route variation to avoid any well Impacts. 
0512·03 so Tripp Route variation to avoid any well impacts. 
0512-04 so Tripp Route variation to avoid any well Impacts. 
0514·01 SD Butte Route variation to avoid cultural site. 
0515-01 SD Hard Inn Route variation to avoid cultural site. 
0527·01 SD Hardina Route variation to avoid cultural site. 
0527-02 SD Perkins Route variation to avoid cultural site. 
0528-01 SD Tripp Route variation to avoid swampy low lvlng area near a pond. 
0543-01 SD various Route variation to accommodate HOD designs. 
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