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1.0 Introduction 

Big Bend Wind is a proposed wind power project in Cottonwood and Watonwan Counties, 

Minnesota (“Project”). The Project includes up to 51 turbines for a total capacity of up to 

311.1 MW. 

Big Bend Wind, LLC (“Applicant”) filed a Site Permit Application with the Minnesota Public 

Utility Commission (“MN PUC”) in November 2020 (MN PUC Docket 19-619) to construct 

the Project. As part of the docket, the Applicant filed a Supplemental and Amended Site 

Permit Application in September 2021 that included a revised noise analysis1 (“2021 Noise 

Assessment”) which concluded that the Project, with projected turbine-only sound levels 

of less than 47 dBA, would not significantly contribute to total sound levels in excess of 50 

dBA. In September 2022, the MN PUC approved the Big Bend Wind Project. Since that 

approval, the Project has removed two turbine locations from the layout (for 51 total in 

this report) and updated the turbine models. Big Bend is no longer considering the Nordex 

N163 turbine model and the GE model is now a 6.1 MW turbine (no changes to the 

physical dimensions). Therefore, this noise assessment report provides updated sound 

propagation modeling using the revised turbine layout and turbine models and provides a 

comparison of the model results with the State sound level limits.  

Based on the information provided in this report, the Project is expected to produce sound 

levels that are below the Minnesota Pollution Control Agency (“MPCA”) sound level limits.  

This report includes: 

• A description of the Project, 

• A discussion of noise standards, 

• A brief summary of background sound levels from the 2021 Noise Assessment, 

• Sound propagation modeling procedure and results, and  

• Conclusions 

In addition, an introduction to acoustics is provided in Appendix A, supporting information 

is provided in Appendices B through F, including information about Paxwood Acoustics in 

Appendix E and a quick reference to the background sound level monitoring from the 2021 

Noise Assessment in Appendix F.  

 
1 RSG, Big Bend Wind Project Revised Noise Assessment, September 2021, Bing Bend Wind, LLC. 
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2.0 Project Description 

The Project includes up to 51 turbines for a total capacity of up to 311.1 MW in 

Cottonwood and Watonwan Counties. The two turbine models under consideration are the 

GE 6.1-158 (GE 158) with a hub height of 117 meters and the Vestas V162-6.0 MW (V162) 

with a hub height of 119 meters. The blades of the GE 158 have Low-Noise Trailing Edges, 

and the V162 has serrated trailing edges, both of which reduce the overall sound 

emissions from the turbines. 

A map showing the turbine layout and the surrounding area is provided in Figure 1. There 

are nine proposed turbine locations in Watonwan County to the east, and 42 proposed 

turbine locations in Cottonwood County to the west. 

As shown in Figure 1, the Project area is north of MN Route 60 (MN-60) and south of MN 

Route 30 (MN-30). Nearby cities include Mountain Lake and Butterfield which are along 

MN-60 to the south and Darfur which is on MN-30 to the northeast. The primary land use 

around the Project area is agricultural with some rural residences, and the terrain is 

relatively flat.   
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Figure 1: Map of the Project and Surrounding Area 
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As shown in Table 1, the most stringent limit is the nighttime L50 limit of 50 dBA at NAC 1 

receptors. Residences are included in NAC 1. Daytime is defined in the rules as 7 AM to 10 

PM and nighttime is 10 PM to 7 AM. Lastly, the definitions in MN Rules Part 7030.0020, 

indicate that the L50 and L10 are over a one-hour period. 

These are the same limits to which the Project was evaluated in the 2021 Noise 

Assessment. 
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4.0 Background Sound Levels 

Background sound level monitoring was completed for the 2021 Noise Assessment. 

Section 5 of the 2021 Noise Assessment by RSG is provided as Appendix F to this report 

for quick reference to that section of this public document. It provides details of the 

monitoring campaign including the procedures and equipment that were used, how the 

data was processed, where monitoring took place, and the detailed monitoring results for 

each location. A brief summary of the most relevant aspects of the monitoring is provided 

in this section. 

The background sound level monitoring was conducted in November of 2019 over a period 

of approximately nine days at five monitor locations (identified as Monitors 1 through 5) 

spread throughout the Project area. A summary of the locations, common sources of 

sound, and the daytime and nighttime L50 are provided in Table 2.  

Overall, background sound levels were similar across the Project area with slightly higher 

overall nighttime sound levels (L50) at the southern monitors (Monitors 4 and 5), although 

there was some agricultural activity near Monitors 1 and 2 that caused sound levels (L50) 

to exceed 50 dBA for a few hours over the nine-day monitoring period. Outside of this, 

nighttime sound levels were consistently below 50 dBA with an average nighttime L50 over 

the monitoring period of 33 dBA across the Project area. The monitoring indicated that at 

night background sound levels were largely driven by natural sounds with no particular or 

consistent localized anthropogenic noise that would be regularly additive to the proposed 

Project. 
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5.0 Sound Propagation Modeling 

5.1 Modeling Procedure & Settings 

Sound propagation modeling was completed using the modeling software CadnaA made 

by DataKustik GmbH. CadnaA implements the international sound propagation standard, 

ISO 9613-2 “Acoustics – Attenuation of sound during propagation outdoors – Part 2: 

General method of calculation.” Both CadnaA and the ISO 9613-2 standard are used by 

noise control professionals across the United States and are regularly relied upon by local 

and state jurisdictions. The model takes into account source sound emissions, topography, 

receptor locations, and several other factors. It calculates sound levels for meteorological 

conditions that are favorable for sound propagation, assuming that all receptors are 

downwind of the sound sources. 

The modeling conducted for this report followed the ANSI/ACP wind turbine sound 

modeling standard3 including a +2 dB factor added to the turbine sound power level and 

using a ground factor of G=0.5. 

For this assessment, USGS terrain data was used for the Project to create the three-

dimensional topography throughout the surrounding area. Other site features, including 

the proposed locations of equipment and nearby receptors, were provided by the 

Applicant.  

Model input data and parameters are provided in Appendix B. 

The model was used to calculate sound pressure levels throughout the area at a grid of 

receptors that were spaced every 50 feet (15.24 meters) while each turbine was operating 

at its highest rated sound power level. Each receptor was modeled at 13 feet (4 meters) 

above ground level. Based on the grid of receptors, sound level iso-lines are generated 

throughout the area so that the projected sound levels can be shown throughout the 

surrounding area. In addition to the grid of receptors used to generate sound level iso-

lines, discrete receptors were modeled at 973 residences near the Project, many of which 

are in Mountain Lake or Butterfield. 

Modeling was completed for the two turbine models under consideration, the GE 158 and 

the V162, both using the same 51 turbine layout. One turbine, T34, was modeled using 

noise reduced operations (NRO) for the GE 158 scenario. 

 
3 ANSI/ACP Standard 111-1, Wind Turbine Sound Modeling, American National Standards Institute, 2022. 
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5.2 Model Results  

Model results for each turbine model are provided in map format in Appendix C and 

tabular format for each discrete receptor in Appendix D. For both turbine models, turbine-

only sound levels are projected to be 47 dBA or less at all participating receptors and 45 

dBA or less at all nonparticipating receptors. When summed with background sound 

levels, the total projected sound levels (L50) should consistently be 50 dBA or less except 

for infrequent periods when background itself is at or above 50 dBA.  

A summary of the results similar to how they were reported in the 2021 Noise Assessment 

is provided below in Table 3. The rows in Table 3 that are indicated as “Total” sound are 

the projected turbine only levels summed with the overall sitewide nighttime L50 of 33 dBA. 

For any given hour, the hourly L50 may be higher or lower than the “Total” sound in Table 3 

depending on the background for that given hour. 

Table 3: Summary of Model Results (dBA) 

Turbine 

Model 

Sound 

Source 

Statistical 

L50 Metric4 

Residence Classification 

All 

Residences 

Participating 

Residences 

Non-Participating 

Residences 

GE 158 

Turbine-

only 

Avg 33 38 33 

Max 47 47 44 

Min 17 20 17 

Total 

(Background 

+ Project) 

Avg 36 40 36 

Max 47 47 44 

Min 33 33 33 

V162 

Turbine-

only 

Avg 31 36 31 

Max 44 44 41 

Min 16 19 16 

Total 

(Background 

+ Project) 

Avg 35 38 35 

Max 45 45 42 

Min 33 33 33 

 

 

  

 
4 As noted in the 2021 Noise Assessment, the average L50 across all receptors is meant to convey the overall 

potential impact across the Project area so that the results of the different turbine models can be easily 

compared. The maximum L50 represents the results highest projected sound level at receptors while the 

minimum L50 represents the lowest projected sound level at receptors. 
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6.0 Conclusions 

Paxwood Acoustics conducted sound propagation modeling for Big Bend Wind which is an 

update to the modeling that was provided in the 2021 Noise Assessment. No additional 

monitoring was conducted for this noise assessment, but the background sound levels 

from the 2021 Noise Assessment are summarized in Section 4.0 and detailed in Appendix 

F.  

The turbine models currently under consideration and evaluated in this report are the GE 

158 and the V162, which use low noise trailing edge and serrated trailing edge technology 

respectively, to reduce overall sound emissions from the turbines. The turbine layout 

includes 51 turbine locations, which are the same locations for both turbine models. 

Sound propagation modeling was completed using the ANSI/ACP wind turbine sound 

modeling standard3 including a +2 dB factor added to the turbine sound power level and 

using a ground factor of G=0.5. As discussed in Section 5.2 and detailed in Appendix C and 

D, the projected turbine-only sound levels are 47 dBA or less at all participating receptors 

and 45 dBA or less at all nonparticipating receptors. When summed with background 

sound levels, the total projected sound levels (L50) should consistently be 50 dBA or less 

except for infrequent periods when background itself is at or above 50 dBA. 

Given this, Big Bend Wind is expected to produce sound levels that are below the MPCA 

noise limits and are not expected to significantly contribute to total sound levels above 50 

dBA, the lowest nighttime MPCA limit. 
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Appendix A: Introduction to Acoustics 

Sound, Sources, and Perception 

Sound in air is caused by fluctuations in air pressure which can be due to a variety of 

sources. The sources of sound can generally be grouped into three major categories: 

anthropogenic, biogenic, and geophonic. Anthropogenic sounds are human caused sounds 

such as voices, instruments, vehicles, and mechanical and electrical equipment. Biogenic 

sounds are those that are caused by organisms such as animal calls or animal interaction 

with the environment. And lastly geophonic sounds are those caused by the environment 

itself such as waves hitting a shoreline or wind interacting with plants or other objects. 

There are three primary characteristics of sound that affect human perception: frequency 

which may also be referred to as pitch or tone, amplitude which relates to perceived 

loudness or volume, and temporal fluctuations, which is to say that sound can change 

with time. 

Frequency 

Humans can hear sound over a range of frequencies typically from 20 Hz to 20,000 Hz. 

While not strictly defined, this range can be divided into three subranges which are 

described as low frequency (20 Hz to around 250 Hz), mid frequency (around 250 Hz to 

around 4,000 Hz), and high frequency (around 4,000 Hz to 20,000 Hz). The mid frequency 

range is where most human speech occurs. More defined ranges of frequency are divided 

into octave bands (31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz, and 

16 kHz), or even further into 1/3 octave bands which are three smaller bands within each 

octave band. Sound below 20 Hz is referred to as infrasound and is not typically audible to 

the human ear. Sound above 20,000 Hz is referred to as ultrasound and is also not audible 

to the human ear. 

Most sounds are broadband in nature and contain energy at a range of frequencies. If 

however, a sound contains notably more energy at a specific frequency compared to the 

adjacent frequencies, then the sound can be perceived as a tone, such as a note in music. 

Amplitude 

Humans can hear sound over a wide range of pressures, from approximately 20 

micropascals to over 20 million micropascals. Sound can occur outside of this range, but 

below 20 micropascals is typically inaudible to humans and above 20 million micropascal 

can cause pain. In acoustics, this wide range of audible sound pressures is compressed 

using a logarithmic scale to create a range of sound pressure levels from 0 dB (20 
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micropascals) to 120 dB (20 million micropascals). It is in this logarithmic scale, denoted 

as decibel or dB, that acousticians and environmental regulations quantify the amplitude 

of sound. 

Temporal Changes 

Both frequency and amplitude can change with time. A sound may be constant in both 

frequency and level, but this is fairly uncommon. If one considers the fluctuation in sounds 

from people having conversations, birds chirping, or vehicles passing by, it becomes 

apparent how much sound can change from one instance to the next. It is for this reason 

that acousticians use a variety of metrics to define and describe sound. These metrics are 

discussed further below. 

Weighting Networks, Sound Pressure Level, and Metrics 

Weighting Networks 

Humans are most sensitive to sound between 500 Hz and 5 kHz. Our sensitivity with sound 

decreases below 500 Hz and above 5 kHz. In order to account for this varying sensitivity, 

the A-weighting network or filter was developed to mimic the sensitivity of the human ear 

and how we perceive loudness. A-weighting discounts sound in varying degrees by 

frequency below 500 Hz and above 5,000 Hz. Between 1,000 Hz and 4,000 Hz, the A-

weighting network amplifies sound slightly to account for the increased sensitivity of the 

human ear in that range. Since the A-weighting network accounts for human sensitivity at 

different frequencies, it is widely used in environmental acoustics and most environmental 

regulations. When a sound level is A-weighted, an “A” is typically added to the end of the 

abbreviation for decibel: dBA.  

There are other weighting networks with different purposes, such as C, G, or Z, but A-

weighting is most used in environmental acoustics. If a sound is not weighted or 

sometimes referred to as unweighted, it is considered Z-weighted or dBZ. 

Sound Pressure Level 

As was discussed previously, in acoustics, the amplitude of sound is often referred to in 

terms of sound pressure level. Representative sound pressure levels of some common 

sound sources and environments are shown in Figure 2. The sound levels presented in 

Figure 2 are meant to be illustrative, so any specific source or environment may be similar 

to or fall outside of the ranges shown in the graphic. 
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Figure 2: Representative Sound Pressure Levels (dBA) of Common Sound Sources & Environments 
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Since sound is a logarithmic function, one cannot use regular arithmetic operations to add 

and subtract sound levels. So, for example, conversational speech typically occurs at a 

level between 55 dBA and 65 dBA. If one person is speaking at a level of 60 dBA and 

another person is also speaking at a level of 60 dBA, the total sound level is not 120 dBA. 

(And a good thing too, otherwise, two people talking at the same time would quickly 

approach the threshold of pain, 120 dBA.) Instead, two voices at the same level only 

causes an increase of 3 dB, so 60 dBA plus 60 dBA equals 63 dBA. To illustrate this further, 

Table 4 provides a general guide on how two sound levels sum together. 

Table 4: Guide to Sound Level Summation 

If the difference between two 

sound levels is: 

Add the following value to the greater 

of the two sound levels: 

0 or 1 dB 3 dB 

2 or 3 dB 2 dB 

4 or 9 dB 1 dB 

10 dB or more 0 dB 

Note: For the precise calculation - 𝑳𝒑𝒕𝒐𝒕𝒂𝒍 = 𝟏𝟎 × 𝐥𝐨𝐠𝟏𝟎 (𝟏𝟎
𝑳𝒑𝟏

𝟏𝟎⁄ + 𝟏𝟎
𝑳𝒑𝟐

𝟏𝟎⁄ ) 

In terms of perception of sound level there are two helpful rules of thumb to be aware of: 

1) A change in broadband sound level of 10 dB is perceived as a halving or doubling of 

loudness, depending on if the amplitude of the sound decreased or increased, and 2) 

Changes in sound level of less than 3 dB are generally considered not perceptible. 

Sound Level Metrics 

With sound levels in an environment continuously changing, different sound level metrics 

are used to describe the sound level versus time.  Some common sound level metrics are 

briefly described below: 

• Equivalent Continuous Sound Level (Leq): The Leq is the level of the average sound 

pressure over a specified period of time. It takes into account quieter, long-term 

sound levels along with louder, short-duration sound levels to provide an overall 

sound level for a given time period. The louder sound levels, even with a short-

duration, can have a strong influence on the Leq. The Leq is often used in 

environmental acoustics to convey an average representation of the acoustical 

environment, even though it is influenced more strongly by higher sound levels that 

occur over the specified interval. An Leq may be as short as 1-second or up to an 

hour or more depending on the purpose of the quantification. 

• Statistical Sound Levels (Ln): Statistical sound levels or percentile sound levels 

describe the level that is exceeded for a specified percentage of time. The L10, for 

example, is the level that is exceeded 10% of the time. The L50, is the median sound 
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level: half the time the sound level is above the L50 and half the time the sound 

level is below the L50. And the L90 is the sound level that is exceeded 90% of the 

time. 

• Maximum Sound Level (Lmax): The phrase “maximum sound level” may be used to 

describe the maximum Leq or Ln over a given time period, but it can also be used to 

describe the sound level over a very short-duration typically using either a 1-

second time constant which is referred to as slow-response, or a 125-millisecond 

time constant which is referred to as a fast-response. If the Lmax metric is being 

used, it is good practice to note which time constant is being applied by adding the 

notation S or F to the abbreviation: LSmax or LFmax. The most appropriate time 

constant to use depends on the specific context of the quantification. 

• Day-Night Level (Ldn): The Ldn is similar to the Leq except that it is specifically 

applied over an entire day or 24-hour period with a 10 dB penalty applied to sound 

levels between 10 PM and 7 AM to account for greater sensitivity at night. 
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Table 7: Turbine Sound Power Level (dBA) by Octave Band Center Frequency 

[NONPUBLIC DATA ENDS HERE]
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Appendix C: Model Result Maps 

 

Figure 3: Model Results Map for GE 158 
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Figure 4: Model Results Map for the V162 
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Figure 5: Receptor Map, Eastern Area 

PUBLIC DOCUMENT - NONPUBLIC DATA HAS BEEN EXCISED



Big Bend Wind Noise Assessment Report 

 

49 

 

 

Figure 6: Receptor Map, Western Area 
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Figure 7: Receptor Map, Butterfield Area 
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Figure 8: Receptor Map, Mountain Lake Area 
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Appendix E: Qualifications 

Paxwood Acoustics provides professional consulting services in acoustics and noise 

control engineering with a focus on environmental permitting and compliance. Eddie 

Duncan, Principal Consultant, is a Board-Certified Noise Control Engineer (#09002) 

through the Institute of Noise Control Engineering and is a member of the Acoustical 

Society of America. Mr. Duncan has been practicing acoustic consulting for over 20 years. 

In that time, he has managed over 400 acoustics projects and has worked on 120+ wind 

power projects, 85+ solar projects, and 70+ transmission projects. He has also managed 

noise assessments for a growing portfolio of BESS projects which have often been a 

component of other renewable energy projects.  

Prior to starting Paxwood Acoustics, Mr. Duncan was a Senior Director at RSG where he 

prepared the report for the 2021 Noise Assessment of Big Bend Wind. 
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Appendix F: Section 5, Sound Level Monitoring of 

the 2021 Noise Assessment 

This appendix contains Section 5 of the 2021 Noise Assessment that was conducted by 

RSG. It was not written by Paxwood Acoustics, but as part of a public document, it is 

provided here as a quick reference to the background sound levels measured in the Project 

area. 
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