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Appendix A

As-built Transmission Line
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Deer Creek Station 

Work Force Staffing 



                                                   

Deer Creek Station Staffing
Plant Superintendant 1

Administrative Assistant 1

Maintenance Supervisor 1

Operations Supervisor 1

Mechanical Engineer 1

Lead Operator Technician 5

Operator Technicians 10

Mechanical Technician 2

Mechanical Helper 2

Electrical/Instrument & Control Technician 4

Total 28
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Basin Electric Power Cooperative ES-1 Burns & McDonnell

Executive Summary

An operational facility noise evaluation was performed for the Basin Electric Power Cooperative Deer 

Creek Station located near Elkton, South Dakota. The purpose of this evaluation was to compare noise 

levels of the operational Deer Creek Station to the South Dakota Public Utilities Commission 

(Commission) noise limits for the facility. 

Operational sound level measurements were taken on July 30th, 2012 near the new Deer Creek Station

utilizing the previously prepared Noise Measurement Protocol (Appendix A). Five locations in the 

vicinity of the facility served as measurement points (MPs). These points were conducted at the pre-

construction survey locations. The facility was running at full load during all measurements. Because

none of the operational sound levels exceeded the Commission’s limits at the nearest residence, the 

facility was determined to be in compliance with the established noise limits for the facility.

* * * * *
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1.0 INTRODUCTION

Burns & McDonnell Engineering Company, Inc. (Burns & McDonnell) was contracted as a third-party 

independent contractor by Basin Electric Power Cooperative (Basin) to conduct an operational facility 

noise evaluation for the Deer Creek Station near Elkton, South Dakota.  The facility includes a natural-gas 

fired combustion turbine, a heat recovery steam generator (HRSG), a steam turbine, an air cooled 

condenser, and other associated equipment.  Residences are located to the northeast, southeast, south, and 

southwest of the facility.  Figure 1-1 shows the facility location.

A pre-construction sound study titled Noise Technical Report: Deer Creek Station Project (Burns & 

McDonnell 2009) was performed in May of 2009 to determine the potential noise levels of the proposed 

facility at neighboring residences and the site fence line.  That study documented the existing ambient 

sound levels in the area and the noise levels of the proposed project through the use of predictive 

modeling.

As part of the South Dakota Public Utilities Commission (Commission) permitting process, Basin is 

required to demonstrate compliance with the Commission’s noise limits for the facility.  This report 

details the methodology used to obtain the operational Deer Creek Station noise levels and then compares 

those noise levels to the Commission’s noise limits.

* * * * *
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2.0 APPLICABLE REGULATIONS

The Commission set forth in stipulation EL09-015 that the Deer Creek Station has a L10 (sound level that 

is exceeded 10 percent of the time) sound limit of 60 dBA during the day and 55 dBA at night. These 

limits apply only to the noise measured at the nearest occupied residence to the facility.

Compliance will be demonstrated at MP5, as it is the nearest occupied residence. Measurements at the 

other four locations were performed for informational purposes.

* * * * *
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3.0 OPERATIONAL NOISE LEVELS

An operational noise survey was conducted for the Deer Creek Station after construction was completed.

Sound level measurements were taken at five locations (MP3 through MP7, as shown in Figure 3-1) in 

the surrounding area of the facility between 8:00 A.M. and 9:00 A.M., 12:30 P.M. and 1:30 P.M., and 

5:30 P.M. and 6:30 P.M. on July 30, 2012. The measurements were conducted in parallel with the 

required Reasonable Accuracy Test Audit (RATA) for air emissions at the facility.  The facility was 

running at full load during each measurement period. The combined-cycle combustion turbine has a duct 

burner that may increase power output on certain occasions to meet peak demand.  The duct burner was

off during the sound testing. Table 3-1 contains the operational loads during the measurement periods.

Table 3-1: Deer Creek Station Operating Loads
during Measurement Periods

Time Facility 
Load (MW)

8:00 A.M. -
9:00 A.M. 229-226

12:30 P.M. -
1:30 P.M. 221

5:30 P.M. -
6:30 P.M. 226-228

For all measurements, Burns and McDonnell personnel followed the noise testing protocol which is 

attached in Appendix A. Specifically, measurements were made using a Larson-Davis Model 824 sound 

level meter (Type I sound level meter as specified in American National Standards Institute 

S1.4-1984/85A). The sound level meter was calibrated before and after each set of measurements. None 

of the calibration level changes exceeded ± 0.3 dB. The meter was mounted on a tripod approximately 

five feet above ground with the microphone directed toward the facility. A windscreen was used at all 

times on the meter.

Weather conditions were ideal for performing noise measurements. Between the morning and midday 

measurements, the wind shifted from blowing out of the southeast to blowing out of the north. The 

change in wind direction caused the facility to become more audible at some locations and less audible at 

other locations. For all measurement points, except MP7, the wind direction had a noticeable effect on 

the noise from the facility. When the measurement point was downwind of the facility, the facility was

clearly audible.  Conversely, when the measurement point was upwind of the facility, the facility noise 

could not be heard. Approximate ambient meteorological conditions during the noise survey are 

displayed in Table 3-2.
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Table 3-2: Meteorological Conditions During Noise Measurements

Date Time 
Period

Temperature 
(°F)

Relative 
Humidity

(%)

Wind 
Direction1

Wind Speed
(mph) Sky Cover

July 30, 
2012

8:00 A.M. to 
9:00 A.M. 70 to 75 73 to 87 Southeast 1-3, gusts to 6 Mostly 

cloudy; foggy
July 30, 

2012
12:30 P.M. to 

1:30 P.M. 87 to 90 36 to 39 North 3-7, gusts to 11 Partly cloudy

July 30, 
2012

5:30 P.M. to 
6:30 P.M. 84 to 85 36 to 40 North 4-7, gusts to 13 Partly cloudy

1 Direction from which the wind is blowing.

Five-minute measurement samples were taken at each of the five locations to document steady-state,

operational sound levels. The measured A-weighted Leq and L10 values are given in Table 3-3. Efforts to 

minimize extraneous noise were made, such as waiting for vehicular traffic to pass before starting the 

measurement period. Some extraneous noise was unavoidable and is noted in Table 3-3.
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Table 3-3: Post Operational Ambient Noise Levels

Time 
Period

Measurement 
Point

Measured 
Leq (dBA)

Measured 
L10 (dBA) Extraneous Noises

8 
A

M
 to

 9
 A

M

MP3 44.1 44.7
Cow moos nearby, insect noise constant and dominant when 

cows not mooing, facility audible but faint, birds, car on 
distant gravel road (x3)

MP4 43.5 45.6 Loud birds in nearby tree cove, insects, facility barely 
audible

MP5 38.3 39.0
Birds and insects dominant noise source, facility not audible 

at most times- very faint on a couple 10-20 second spans, 
cow moos

MP6 45.7 46.0 Birds and crickets dominant noise sources, cow moos, 
facility noise audible as distant hum

MP7 50.0 51.5 Birds and crickets, soft wind rustle, facility audible and 
dominant noise source

12
:3

0 
PM

 to
 1

:3
0 

PM

MP3 41.5 44.5
Facility dominant noise source, few birds and insects, few 

wind gusts caused vegetation rustle to be loudest noise 
source during each gust

MP4 40.1 41.5
Facility noise dominant except during period of stronger 
winds causing loud vegetation rustling, few insects and 

birds

MP5 42.7 44.5 Facility dominant noise source except during strong wind 
gusts, insects, occasional bird chirping

MP6 38.6 40.3 Birds, insect noise dominant source, wind rustle, very faint 
hum of facility barely audible

MP7 46.2 47.7 Facility noise dominant, wind rustle, birds and insects

5:
30

 P
M

 to
 6

:3
0 

PM

MP3 44.1 45.1 Birds and insects dominant, facility noise constant and 
audible, wind rustle

MP4 43.9 45.9
Facility noise dominant, faint sound of birds and insects, 

wind rustle, distant cars passing toward middle of 
measurement period (x2), cow moos

MP5 48.5 46.7
Insect noise dominant, facility noise constant, occasional 
loud wind rustle, birds, car drove by at very end (last 5 

seconds)

MP6 42.2 44.4
Insect noise dominant, birds, distant hum of facility audible 
occasionally, tractors working in field ~500m away, wind 

rustle

MP7 45.2 46.7 Facility  noise and insect noise both significant, facility 
noise seems to be the dominant source, soft wind rustle

The noise levels varied at each measurement point depending on the proximity of animals (livestock, 

birds, insects, etc), distance from facility, wind speed, and wind direction. Ambient A-weighted Leq

sound levels ranged from 38.3 dBA at MP5 to 50.0 dBA at MP7. The highest L10 sound level was 

measured to be 51.5 dBA at MP7, the measurement point (not a residence) at the facility fence line. The 

highest L10 value measured for MP5, which is the closest residence to the facility and is thus used to 

determine compliance with the limits from the Commission, was 46.7 dBA.

* * * * *
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4.0 COMPLIANCE DEMONSTRATION

Sound levels at the nearest residence to the facility (MP5) were monitored to confirm that the facility is 

operating within the Commission limits.  The maximum measured L10 noise level was 46.7 dBA during 

the evening measurement set. This is well below both the L10 daytime requirement of 60 dBA and the 

nighttime requirement of 55 dBA.  There is generally less extraneous noise at night, so sound levels are 

usually at their lowest at night and highest during the day when human activity is at its highest.

Additionally, since the facility sound levels should be fairly constant throughout a 24-hour period,

measurements taken during the daytime would over-estimate sound levels during the nighttime due to the 

lack of extraneous noises.  Since the sound levels measured near the Deer Creek Station were lower than 

the nighttime limit during the day, the facility would not exceed the nighttime limit.  

As mentioned earlier, measurements were taken when the facility was at full load, but the duct burner was

not operational. A duct burner can be placed in a HRSG to increase the output of the steam turbine by 

increasing the combustion turbine exhaust temperature.  There are only a few operational differences 

between having a duct burner operational and not having one operational.  Boiler feed pumps, condensate 

pumps, and the duct burner valve train operate much closer to capacity, and potentially at higher speeds 

when a duct burner is firing.  Also, the cooling air fans for the duct burner flame scanners, which are 

relatively small blowers, would be running at the base of the HRSG during duct burner operation. While 

there is the potential for increased localized sound levels (directly adjacent to the above-mentioned 

equipment), the additional operation described would not noticeably increase sound levels at any of the 

measurement points and cannot physically increase the sound levels by the 8 decibels necessary to cause a 

violation of the PUC limits at MP5.  It would require an additional sound source as loud as the entire 

facility to add 3 decibels at MP5.  Therefore, it was determined that sound levels from the facility at full 

load with duct burner firing are below the Commission’s noise requirements and the project is in 

compliance.

* * * * *
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5.0 CONCLUSION

An operational facility noise evaluation was performed for the Basic Electric Power Cooperative Deer 

Creek Station. The noise evaluation consisted of an operational noise survey to document the sound levels 

of the operational facility.

The South Dakota Public Utilities Commission has established limits on the noise emissions for the Deer 

Creek Station. In accordance with the Commission’s limits, the facility is subject to L10 sound level 

limits of 60 dBA at the nearest residence during the day and 55 dBA at night. 

The measured operational noise levels at residential locations varied slightly, but all of the sound levels 

were below the Commission’s limits. At the nearest residence to the facility (MP5), the sound levels 

reached a maximum L10 of 46.7 dBA during the day, well below the day and nighttime limits. While the 

duct burner was not firing during the measurement periods, the increase in sound that would be created by

the additional operating equipment cannot physically increase the L10 sound levels by the 8 decibels it 

would take to create an exceedance. Therefore, the facility is determined to be in compliance with the 

established limits for noise. 

* * * * *
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1.0 SCOPE

This document provides the noise testing protocol to be employed for measuring and evaluating 
the ambient post-construction far-field sound emissions from the Basin Electric Power 
Cooperative – Deer Creek Station (Project).  This protocol discusses the methodology to be 
employed for the post-construction noise measurements.  Measured noise levels will be compared 
to the limits set forth by the South Dakota Public Utilities Commission (PUC) in the Project’s 
PUC Stipulation.  The resulting final A-weighted L10 and Leq sound levels after corrections for 
environmental influences, instrumentation tolerances and measurement uncertainty, shall be 
reported.  The results of these efforts will be detailed in a final noise report document.  

Additions, deletions, or alterations to this procedure must be agreed upon between Basin Electric 
Power Cooperative and Burns & McDonnell Engineering, Inc. (BMcD) prior to the actual noise 
testing.

2.0 PERMIT LIMITS 

Per the Public Utilities Commission of The State of South Dakota Stipulation EL09-015, signed 
on May 10, 2010, the Deer Creek Station shall meet the following noise standard: 

“The noise levels associated with Deer Creek Station Project facilities will not exceed the 
following standards at the nearest occupied, existing residence (determined on the date the permit 
is issued) not owned by Basin Electric:  Daytime: L10 – 60 dBA; Nighttime: L10 – 55dBA.  The 
point of measurement will be within 100 feet of the nearest occupied residence existing at the 
beginning of construction, which is not owned by Basin Electric.  A post-construction operation 
noise assessment will be completed by an independent third-party noise consultant, approved by 
Commission Staff, to show compliance with the noise level.  The noise assessment will be 
performed in accordance with American National Standard Institute (ANSI) B133.8 – Gas 
Turbine Installation Sound Emissions.” 

Therefore, at the nearest residence (denoted as MP5 in Appendix A), the noise level emanating 
from the Deer Creek Station shall not exceed an L10 of 60 dBA during the daytime nor an L10 of 
55 dBA during the nighttime.  Compliance will be determined only at MP5.  Other measurement 
point sound levels will be measured for the record.  

3.0 INSTRUMENTATION 

3.1 General 

3.1.1 Sound Level Meter 

Sound level measurements shall be made with a sound level meter that 
meets the requirement of the latest revision of ANSI S1.4 for a Type 1, 
Precision Sound Level Meter.  A one and one-quarter centimeter random-
incidence microphone shall be used.  The sound level meter shall have the 
capability of determining the equivalent A-weighted and one-third octave 
band frequencies sound levels over a specified measurement period. 

A microphone windscreen shall be used for all measurements.  The 
windscreen shall not affect the response of the sound level meter by more 
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than  0.5 decibel (dB) at frequencies below 2,000 Hertz (Hz) and  1.0 dB 
at frequencies from 2,000 Hz to 10,000 Hz.  

3.1.2 Anemometer 

Wind speed, atmospheric temperature, and relative humidity shall be 
recorded during each set of measurements when measuring far-field noise 
levels.

3.2 Calibration

Instruments shall be calibrated using a portable sound level calibrator with accuracy 
of  0.5 dB.  The standard reference sound pressure shall be 20 microPascals. 

Calibrations shall be performed before and after each measurement series and upon 
any significant change in recording conditions (i.e. battery change operation).  The 
calibration frequency shall be 1,000 Hz.  The calibrator shall be checked annually to 
verify compliance with the U.S. National Institute of Standards and Technology 
specifications. 

A calibration level change exceeding  1.0 dB will require that the measurement 
series be repeated. 

4.0 NOISE MEASUREMENT PROCEDURE 

4.1 General 

4.1.1 Qualifications

Sound level measurements shall be measured by an engineer, technician, 
or acoustical consultant qualified by experience and/or training. 

4.1.2 Technique

Sound level measurements shall be made with the sound level meter 
mounted on a tripod or held in the hand of the observer in such a way 
that the microphone is at least one-half meter from the observer’s body 
and one and one-half meters from the ground, with the microphone 
pointed vertically.  The angle of incidence of the sound on the 
microphone shall be as specified by the manufacturer as that angle for 
which the microphone has the most uniform frequency response.  The 
observer shall not stand between the microphone and the source, and 
shall stand behind and to one side of the microphone at all times during 
the actual noise testing periods. 

Care shall be exercised to assure that the measurement position is free 
from excess reflections due to walls, columns, or other equipment, and 
from significant shadowing effects.  Care shall also be taken to minimize 
the effect of airflow from fans, vent discharges, strong electric or 
magnetic fields, etc.   
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The A-weighting filter network shall be used for all sound level 
measurements, except for the un-weighted octave band sound pressure 
level measurements. 

The equivalent A-weighted sound levels (Leq), L10, and one-third octave 
band frequency sound levels shall be measured and recorded at each 
measurement location for all steady sounds.   

The measured A-weighted sound levels shall be reported.  The “slow” 
time weighting characteristic will be used since these are environmental 
noise measurements and not near-field measurements where “fast” 
weighting is required. 

All equivalent and L10 A-weighted sound level data shall be visually 
observed and recorded by reading the digital or analog output of the 
sound level meter.  The data will also be electronically stored such that 
data analysis can occur at a later time.  The measured sound levels will 
be provided as part of the final report. 

Extraneous noise sources (nearby vehicular traffic, birds chirping, etc) 
will be documented during each measurement.   

All final sound level data shall be reported to the nearest tenth of a 
decibel.

4.1.3 Atmospheric Conditions 

Sound measurements shall not be made under any condition that allows 
the instrumentation to become wet (i.e. when raining or snowing) or 
when the average wind velocity exceeds 7 mph (3 m/s) measured 5.0 ft 
(1.5 m) above the ground, unless agreed upon by Basin Electric and the 
testing personnel.  

The atmospheric conditions recorded during the sound measurements 
will be reported in the final noise report document. 

4.2 Noise Measurements 

4.2.1 Microphone Locations

The microphone shall be located at a height of 1.5 meters above the 
ground.  The microphone shall be positioned at each of the five 
measurement points as identified in Appendix A.  The microphone shall 
be vertically oriented in the direction of the Deer Creek Station.   

4.2.2 Daytime Noise Measurements 

Measurements will be taken at the five locations marked in Appendix A.  
The actual location of each measurement point will be determined by 
accessibility and safety of field personnel.   
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The Leq (equivalent noise level), L10 (noise level that is exceeded 10 
percent of the time), and one-third octave band frequency sound levels 
will be measured. 

The observation period shall be a minimum of five minutes, or long 
enough to obtain a representative sound level reading.  Sound level 
measurements will be taking at three times between the hours of 6 am 
and 8 pm.   

If daytime noise levels meet the PUC stipulation limit of 55 dBA (L10) at 
MP5, then no further nighttime measurements are required to determine 
compliance; it is assumed that nighttime levels will be the same or lower 
due to lack of extraneous noises due to human activity that are not 
present at night. 

4.2.3 Nighttime Noise Measurements 

Nighttime measurements will be taken only if daytime measurements at 
MP5 do not meet the nighttime L10 limit of 55 dBA.  Nighttime noise 
measurements will be taken at all five measurement points depicted in 
Appendix A if MP5 does not meet the nighttime limit during the daytime 
measurements.   

4.2.4 Operational Environment Specifications  

The measurements shall be taken once the facility is operating to 
determine compliance with the limits set forth by the PUC.   

Care shall be taken by Basin Electric and noise testing personnel to 
minimize extraneous noise during the noise test that may impact the 
results of the test. 

In the event that the above procedure indicates that noise level exceeds 
the guarantees, another set of measurement points may be required.  

5.0 DATA REPORTING 

5.1 Owner-Required Data  

Basin Electric will be responsible for providing to the noise testing personnel the 
operating conditions of the facility during the noise testing so they may be included in 
the report.
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5.2 Acoustical Environment 

5.2.1 Drawing showing all sound level measurement locations for the facility. 

5.2.2 Identification of all non-Basic Electric sources of sound that were 
determined to potentially affect the sound level measurements. 

5.2.3 Ambient conditions during sound level measurement periods including 
temperature, relative humidity, wind speed and direction and cloud cover 
(if any). 

5.2.4 Name, manufacturer, model number, serial number, ANSI type and last 
calibration date of all sound measuring instrumentation utilized. 

5.2.5 Names of all personnel who performed and/or observed the sound level 
measurements. 

5.2.6 Relevant remarks on the subjective impression of noise (i.e. time variations 
of sound level, audible discrete tones, spectral content, background sound 
from other sources, etc.) 

5.2.7 Any deviations from this test procedure that may significantly impact the 
intent of this procedure, as agreed upon by Basin Electric and Burns & 
McDonnell

5.3 Sound Level Data 

The L10 data for MP5 for each measurement period shall be reported and compared to 
the PUC Stipulation noise limits.  The overall Leq measured sound levels for each 
measurement point and period shall also be reported.  If nighttime measurements were 
required, then nighttime as well as daytime measurements will be reported. 

6.0  REFERENCES 

 ANSI S1.4 – “Specification for Sound Level Meters”. 

ANSI S1.11 – “Specification for Octave Band and Fractional Octave Band Analog and 
Digital Filters”. 

ANSI S1.6 – “Preferred Frequencies and Band Numbers for Acoustical Measurements”. 

 ANSI S1.13 – “Methods for the Measurement of Sound Pressure Levels”. 
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