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July 26, 2013 

 

Senie & Associates, P.C.     

5 East Main Street, Suite 4 

Westborough, MA  01581 

 

Attention: Brian Schwartz 

Subject: Peer-Review: Sound Survey and Analysis Report 

  Proposed Douglas Woods Wind Farm, Douglas, Massachusetts 

Reference: Acoustic Analysis, Atlantic Design Engineers, October 19, 2010 

 

Dear Mr. Schwartz: 

Per your request, we are submitting our peer-review of the October 19, 2010 Acoustic Analysis, 

Douglas Woods Wind Farm, a report submitted by Atlantic Design Engineers (ADE), Inc. for a 

wind turbine facility proposed by American Pro Wind, LLC in Douglas and adjacent to Webster, 

Massachusetts. 

The review was performed by Stephen Ambrose, INCE, Bd. Cert. of SE Ambrose & Associates 

and Robert Rand, INCE of Rand Acoustics.  Each has over 30 years of professional experience in 

acoustics with expertise in environmental noise measurement and community impact assessment.  

We find that the proposed facility will cause an adverse noise impact for people living east of 

Upper Gore Road in Webster, Massachusetts, and along Webster Street (Rte. 16) and Old 

Douglas Road to the north.  Our professional evaluation of ADE’s submittal and extensive 

experience reviewing wind turbine facilities concludes: 

 1. The proposed facility is certain to exceed the MassDEP noise limits. There are no reliable 

noise control engineering options for complying with the noise limits without using significant 

separation distance. This project lacks the required separation distance needed for compliance 

with the MassDEP noise limits. 

 2. The proposed facility has high probability to create a nuisance and cause harm or injury 

to neighbors as defined by the MassDEP.  Harm, injury, and home abandonment have been 

documented at similar wind power facilities. The same outcome is expected in Webster. 

Respectfully Submitted, 

 

 ____________________________________ ____________________   

         Stephen E. Ambrose, INCE, Board Certified Robert W. Rand, INCE   
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INTRODUCTION 

Atlantic Design Engineers (ADE) Inc. has prepared six acoustic reports for the proposed Douglas 

Woods Wind Farm in Douglas next to Webster, MA. Initially, 13 industrial wind turbines were 

proposed, and after revisions reduced to 11. This review was for the October 19, 2010 report 

identified as the “Final” Acoustic Analysis Douglas Woods Wind Farm.   

The Town of Webster directly abuts the proposed wind turbine site near the Douglas State Forest, 

which is located in the Town of Douglas.  The nearest Webster residences are located south of 

Webster Street (Rte. 16) and Old Douglas Road, and east of Upper Gore Road including 

Blueberry Hill Road and Way. The closet lot line in Webster is approximately 945 feet from the 

nearest turbine. There are approximately 188 homes in Webster within 4000 feet of the proposed 

wind turbines to be located in the adjacent Douglas State Forest. 

 

NOISE LIMITS 

Webster: Webster has an ordinance that prohibits noise sufficient to cause a nuisance, with no 

numerical limits. However, the ADE report did not evaluate for nuisance potential. There was no 

assessment for wind turbine noise causing an adverse community reaction.  ADE did not 

reference published documents that describe reliable and established methods based on actual 

measurements (see Attachment 1), nor did they assess for nuisance using a known, protective 

low frequency noise standard (see Attachment 2).   

Massachusetts: The MassDEP defines a noise nuisance as follows (see Attachment 3). 

Noise is a type of air pollution that results from sounds that cause a nuisance, are or 

could injure public health, or unreasonably interfere with the comfortable enjoyment of 

life, property, or the conduct of business., … 

A noise source will be considered to be violating the Department’s noise regulation (310 

CMR 7.10) if the sources: 

1) Increases the broadband sound level by more than 10 dB(A) above ambient. 

2) Produce a “pure tone” condition – when any octave band center frequency 

sound pressure level exceeds the two adjacent center frequency sound pressure 

levels by 3 dB or more. 

These criteria are measured both at the property line and at the nearest inhabited 

residence.  “Ambient” is defined as the background A-weighted sound level that is 

exceeded 90% of the time, measured during equipment operating hours.  “Ambient” may 

also be established by other means with consent by the Department. 

 

The MassDEP policy is to assess wind turbines based on the maximum (Lmax) noise level 

during turbine operation versus the quietest ambient nighttime L90 when not operating.  The 

MassDEP does not consider increased background ambient noise levels caused by wind in trees.  
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The Mass DEP noise limits were designed and enacted into law to prevent nuisance or injury to 

health. MassDEP regulations that are not properly followed have resulted in numerous reports of 

harm (nuisance, injury, and interference with life, property and the conduct of business).   Sites 

include Falmouth, Kingston, Fairhaven, Scituate, and Hoosac. 

 

Note: How the MassDEP assesses for noise limits compliance 

The regulation requires the maximum noise level generated by the wind turbine 

facility be compared with the quietest (lowest) ambient background (L90) sound 

level when not operating (facility off, shut down).  

Noise predictions are conservative when 1) the lowest ambient background (L90) 

sound levels are used, 2) the wind turbine noise model predictions are validated 

by measurements taken at similar facilities and operating conditions, and 3) the 

prediction includes a design safety margin (in dB) to ensure compliance with the 

Mass DEP noise limits.  

Compliance is not achieved when 1) the background sound levels are 

inappropriately increased, or 2) the prediction noise model uses average rather 

than high-wind-shear turbine sound power level (Lw). Other inappropriate 

actions include ignoring large decibel uncertainties inherent in the model 

equations, large level variations caused by aerodynamic amplitude modulation 

(AAM) and turbulence, using high attenuation factors for vegetation and ground 

cover, and omitting a design margin. 

Our review of several wind turbine facilities in Massachusetts have found that 1) 

ambient noise measurements failed to identify the quietest nighttime conditions 

and  2) noise predictions omitted numerous factors leading to under-predicting 

actual noise levels.  We are not surprised that so many wind turbine sites in quiet 

areas exceed MassDEP noise limits. 
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EXISTING AMBIENT NOISE LEVELS 

The ADE report's Section 5, Existing Ambient Sound Levels, was found to be significantly 

deficient and misleading. 

ADE primarily conducted background noise measurements with unattended noise monitors. For 

the more than 1000 ten-minute noise level measurements, there were no charts, tables or time 

presented to understand when sound levels occurred and what contributed to those levels.  There 

was no way to determine when the quietest nighttime L90 levels occurred, as required for review 

with the MassDEP regulations. 

ADE selected two locations between the nearby residences and the closest wind turbines just east 

of the Webster/Douglas town line. There was no discussion of audible sound sources occurring 

during the ambient noise measurements. There is no way to know what sounds contributed to the 

measurements. Monitoring Location 2 appears to be in woods, which does not follow the intent 

of American National Standards Institute (ANSI) S12.9 and S12.18.  

ADE’s increased ambient noise measurements for wind in trees. This approach is not justified or 

valid (paragraph 1, last two-sentences highlighted and shown below).  

 

ADE's report failed to determine and identify the atmospheric stability class during the surveys 

(see Attachment 4).  Stable atmospheric conditions have strong winds aloft and absent near 

ground.  Strong hub-height winds enable wind turbines to operate at full power. In contrast, 

ground level background noise levels are normally very low (prior to wind turbines). 

We understand that stable atmospheric conditions occur frequently in Massachusetts at night. 

Atmospheric studies with SODAR document the presence of stable atmospheric conditions in 

Massachusetts [example, ref. 1]. SODAR data can be used to determine the local wind shear 

profile during day and night. ADE stated they had acquired wind data with a SODAR wind 

profiling system, but inexplicably withheld all SODAR data from their report. The entire third 

paragraph of the existing ambient noise section only discusses weather conditions.  

 

                                                 
1
 SODAR Shear Measurements at Brewster, Massachusetts FSRP0040-B June 6, 2008. 
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The section titled “Existing Ambient Noise Levels”, should present the measured ambient noise 

levels.  There is none, so the reader looked elsewhere in the report to find. 

"Elsewhere" was found in Section 6.3 Results.  There are two tables, Location A and Location B, 

each with Ambient L90 Level (dBA).  Ambient noise levels for location A and B range from 32.8 

to 35.0 dBA and 31.2 to 39.3 dBA, respectively.  The noise level range differs considerably 

between the two measurement locations; A by 2.2 dB, and B by 8.1 dB.  ADE fails to explain the 

reason for nearly 6 dB discrepancy.  

Background sound levels in the mid to high 30s dBA are inconsistent with the much lower 

background sound measurements that are typically found in similar quiet rural areas away from 

industry and traffic.  These are typically less than 30 dBA, see Figure 1. Ambient background 

sound level measurements made at other wind turbine sites in Massachusetts has found noise 

levels also less than 30 dBA, see Table 1 below. Save Cohasset, which is still only proposed (and 

in a lawsuit for potential noise impacts), all of these wind turbine facilities have created a 

nuisance with widespread complaints, appeals to stop the noise, and threats of legal action. 

Table 1. Representative minimum L90 sound levels at wind turbine sites. 

Location Date Context L90, dBA 

Cohasset March 2012 Peer Review Noise Survey 27 

Fairhaven May 2013 Post-op MassDEP Test Report 28 

Falmouth May 2012 Post-op MassDEP Test Report 27 

Kingston April 2013 Independent Test Report 29 

Scituate April 2008 Preconstruction Report 29 

Note: [sources, ref. 2]. 

 

The following conclusions were reached on the ADE background sound measurements: 

1. There is strong evidence that the quietest L90 nighttime measurements were not 

identified or used by ADE during assessment of compliance with MassDEP noise limits. 

2. There is high probability that the lowest L90 background sound levels occurring during 

a wind turbine noise test at night would range from 27-29 dBA rather than the 31-39 dBA 

used by ADE. There is a significant 4-10 dB adjustment that needs to be made to ADE’s 

increases over background to determine compliance with the MassDEP noise regulations. 

 

                                                 
2
 refs: Ambrose, S., Rand, R., Advisory Letter – Noise, TTOR Wind Turbine Project, Cohasset, MA, April 2012. 

 MassDEP, Interim Test Report, Fairhaven, MA, May 2013. 

 MassDEP, Attended Sampling of Sound from Wind Turbine #1, Falmouth, MA, May 2012. 

 NCE, Inc., O’Donnell Wind Turbines Noise Evaluation, Kingston, MA, 23 April 2013. 

 Guldberg, P., Acoustic Study of Three Wind Turbines, Scituate, MA, April 2008. 
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PROJECTED SOUND LEVELS 

The noise prediction model used by ADE is weak: 1) it was not validated with measurements, 2) 

it failed to account for nighttime wind shear, and 3) computer noise model input parameters were 

selected to under-predict actual worst-case noise levels. The noise model, WindPro, predicts the 

average wind turbine noise levels under neutral atmospheric conditions per the wind turbine 

noise standard IEC 61400-11. It must be noted that manufacturers do offer high-wind-shear 

maximum noise levels upon request, but these were not used by ADE. MassDEP requires that the 

maximum noise levels be predicted and used for comparison with the lowest ambient 

background noise level (L90). Further, no design safety margin was found (see Attachment 5). 

 

Measured N100/2500 sound levels prove ADE predictions are low 

In December 2012, a cooperative measurement survey was performed on eight Nordex 

N100/2500 2.5MW wind turbines installed and operating in Shirley, Wisconsin [3]. This is an 

operating wind facility with the same Nordex N100/2500 2.5MW wind turbines as proposed for 

Douglas Woods Wind Farm.  

The Douglas Woods Wind Farm, as proposed, consists of eleven Nordex N100/2500 wind 

turbines with 100-meter hub height and 100-meter rotor diameter concentrated in an approximate 

1/2 square mile area on the west side of the Town of Douglas, Massachusetts. The landscape in 

adjoining Webster residential areas is gently sloping cleared land. Adjacent non-participating 

residential properties in Webster are located as close as 945 feet from the nearest turbine.  

The Shirley Wind facility consists of eight Nordex N100/2500 wind turbines with 85-meter hub 

height and 100-meter rotor diameter. These turbines are distributed over an approximately six 

square mile area in Brown County, WI. The landscape is rolling flat farmland. Adjacent non-

participating residential properties are located as close as 1100 feet from the nearest turbine. 

The Shirley wind facility is documented to have produced strong complaints, appeals to stop the 

noise, and homes abandoned to seek relief from the noise. The nuisance at the Shirley site is 

undisputed by regulatory authorities. The Wisconsin Public Service Commission accepted the 

veracity of neighbor affidavits and ordered the noise study to investigate for the presence of low 

frequency noise, which was confirmed. The Shirley and Douglas sites are similar, with the 

Douglas Woods Wind Farm proposing to place more wind turbines much closer to a larger 

number of nearby homes than those spread out in the Midwestern farmlands in Shirley.  

As part of the Shirley study, noise measurements were acquired at three outdoor locations near 

the operating wind turbines. It must be noted that the Shirley wind turbines were not operating at 

                                                 
3
 Channel Islands Acoustics, Camarillo, CA, Principal: Dr. Bruce Walker; Hessler Associates, Inc., Haymarket, VA 

Principals: George F. and David M. Hessler; Rand Acoustics, Brunswick, ME, Principal: Robert Rand; Schomer and 

Associates, Inc., Champaign, IL, Principal: Dr. Paul Schomer, "A Cooperative Measurement Survey and Analysis of 

Low Frequency and Infrasound at the Shirley Wind Farm in Brown County, Wisconsin", PSC REF#:178263, 

December 24, 2012. 
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full power during the study. The Shirley noise measurements were carefully compared to the 

ADE 2010 maximum predicted noise levels, as shown in Figure 2.  

The measured sound levels at Shirley clearly show and prove that the ADE predictions are 

low by at least 6 dB.  This is of added concern because the Shirley wind turbines were 

discovered during legal review of SCADA data to have operated at less than full power. The 

conclusion is that ADE's compliance assessment to the MassDEP noise limits is 6 dB low.  

 

Night wind shear must be factored into selection of minimum background sound levels 

Seconding the obvious discrepancy between ADE’s predicted and Shirley measured noise levels, 

the MassDEP compliance assessment was incorrect. The report's L90 ambient noise levels are 

biased upward due to a flawed methodology, and are too high.  MassDEP noise policy does not 

permit increasing the ambient background sound level (L90) with wind speed.  

Under nighttime "stable atmospheric conditions" with high wind shear, winds can be absent on 

the ground and in trees in the "surface layer", yet strong aloft. We understand this atmospheric 

condition occurs frequently in New England at night. Thus during the normally quiet night, and 

right at the time when people are trying to sleep, hub-height winds are strong enough for the 

wind turbines to operate at full power and at their loudest.  

ADE's prediction method assumed a low wind shear ("alpha" or α) of approximately 0.16. This 

can be understood as winds in the trees and near the ground being roughly similar to winds up at 

hub height over 300 feet in the air. This low wind shear value is built into the neutral wind 

profile (roughness = 0.05m) used with sound levels supplied through the IEC 61400-11 standard 

test method. ADE did not present the results of their SODAR wind shear measurements, which 

might have provided useful information about higher local wind shears at night. However, 

SODAR surveys have been conducted at other locations in Massachusetts.  These surveys reveal 

that wind shears at night can average 0.41 [4] and range much higher in forested areas, up over 

1.0 [5]. This is understandable because higher wind shears will be present when more obstacles 

are present to slow down the wind.  

A simple calculation was done for this review, which confirmed that typical night wind shears 

can be sufficient for wind turbines to operate at full power with winds near the ground being 

light, corresponding to the lowest background sound levels. The calculation is shown below.  

 

 

                                                 
4
 GEC Inc., "Shear Measurements at Brewster, Massachusetts", Mass Technology Collaborative, June 2008. 

5
 Manwell, J. et al, "Salem: SODAR-Based Wind Resource Assessment", RERL, December 2008. 
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This calculation shows that under ADE's presumption that the winds are smooth 

and neutral in profile (α = 0.16), for a 10m wind speed of 7 m/s, the wind speed at 

100m hub height is 10.1 m/s, sufficient to drive the wind turbine at maximum 

sound power. However with actual wind shear α = 0.41-1.1 (high wind shear at 

night), the equivalent wind speed at the hub (10.1 m/s) translates back down to a 

low wind speed at 10m off the ground of 3.9 to only 0.8 m/s, or virtually still air 

near the ground. Thus, during high wind shear, stable conditions at night, wind 

speeds can be low on the ground yet strong enough to drive the wind turbine at 

full sound power level 100 meters in the air (more than a football field up). 

 

Computer noise model input parameters under-predicted actual worst-case noise levels 

ADE predicted noise levels are for 11 Nordex N100 wind turbines using a computer model that 

was not verified for accuracy with noise measurements from another site. It has been established 

in this review that the ADE predictions are at least 6 dB too low.  

Currently, best available operating noise measurement data for the Nordex N100/2500 wind 

turbines is from the Shirley, Wisconsin 2012 testing with 8 widely spaced wind turbines.  ADE 

predicted 35, 40, and 45 dBA noise contours in Webster, which are used as a baseline [6]. These 

have been increased by 6 dB based on the noise measurements at the Shirley wind turbine site, 

and are presented on noise contours as shown in Figure 3. ADE’s 35 dBA contour is corrected to 

41 dBA, which encompass about 114 homes with predicted noise levels greater than 40 dBA. 

ADE’s 40 dBA contour increases to 46 dBA, resulting in about 32 homes experiencing noise 

levels higher than 45 dBA. 

 

 

                                                 
6
 ADE WindPro plot, DECIBEL - Map 12.0 m/s, 7/12/2010 4:20 PM/2.7.473, printed 7/14/2010 9:21 AM / 7. 
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COMPLIANCE WITH MASSDEP NOISE LIMITS   

The ADE report concluded that the Douglas Woods Wind Farm would comply with the 

MassDEP noise limits.  MassDEP requires the lowest observed ambient L90 to be subtracted 

from the highest predicted or measured wind turbine noise.  This difference must not be greater 

than 10 dB. However, ADE did not account for wind shear effects and did not use the lowest 

L90. 

Again, ADE’s predicted contours are used now to show the increase over the minimum L90 of 

31 dBA, and the difference with a plus 6 dB correction, as shown on Figure 4.  Increases of 4, 9 

and 14 dB were noted for the ADE prediction contours (over the lowest L90 31 dBA), and rise to 

10, 15 and 20 dB increases based on the measured data in Shirley. The contours show numerous 

homes will be impacted with sound level increases more than 10 dB over the minimum 

background L90.  

The increases over background are even greater if the ambient background is quieter. For 

example, if the minimum background L90 is assumed to be 27-29 dBA, as found at other wind 

turbine sites, 2 to 4 dB would be added to the increases shown. 

 

Three conclusions were drawn by this review: 

1. ADE predictions of compliance with the MassDEP noise limits are unsupported. The 

facility will exceed the MassDEP noise limits at several nearby residential property lines. 

When the actual measured N100/2500 noise levels at Shirley are considered, the increases 

over background range up to 20 dB. 

2. There is no accounting by ADE of high wind shear at night, which means the background 

levels used by ADE are too high and the increases computed by ADE are too small. 

3. Based on measured N100/2500 noise levels and the lowest background L90 sound level, 

more than 100 homes will be exposed to noise levels in excess of the MassDEP noise limits, 

thereby creating a widespread nuisance caused by wind turbine noise.  
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Figure 1. Comparison of Representative Outdoor and Indoor Sound Levels 

Note; Quiet Rural Nighttime > 25 dBA 
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Figure 2. ADE predicted and, actual measured noise levels, Shirley, Wisconsin, 2012. 

 

Note: At Shirley, A-weighted noise levels at Monitor 1 were controlled (dominated) by the 

nearest turbine WTG6 at 550 ft, with other turbines much farther away. At Shirley R2, A-

weighted noise levels were controlled (dominated) by WTG8 at 1100 ft, with other turbines 

much farther away. At Shirley R1, the nearest turbine WTG6 was 3190 feet away, and the next 

nearest two turbines (WTG4 and WTG5) were 4000 and 5000 feet away, resulting in WTG6 

controlling the sound levels at R1. While WTG4 and WTG5 would normally be expected to 

contribute to slightly higher noise levels at R1, there were indications in the operating SCADA 

data that the turbines were running at low power during the survey. As a result the noise levels at 

the three measurement locations exhibited hemispherical divergence with 6 dB slope per 

doubling of distance on the log scale.  

  The ADE predicted levels were taken along a northwest line from Turbine #1 [7]. This direction 

was selected in order to isolate the prediction for a nearest turbine "controlling" (dominating) the 

sound level. This method provided a 6 dB slope per doubling of distance for comparison of ADE 

predicted with the Shirley measured noise data. The result is that the wind turbine sound level of 

the operating Shirley site and the predicted Douglas Woods Wind Farm can be compared.  

 

                                                 
7
 ADE WindPro plot, DECIBEL - Map 12.0 m/s, 7/12/2010 4:20 PM/2.7.473, printed 7/14/2010 9:21 AM / 7. 
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Figure 3. Noise level contours based on ADE WindPro output and 6 dB differential between 

ADE predicted noise levels and measured noise levels at Shirley, WI. Turbine IDs shown. 

Contour label values:   ADE PREDICTED / SHIRLEY MEASURED 
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Figure 4. Contours, increase in dB over lowest measured L90 (31 dBA).  

Increase based on ADE predicted and Shirley measured noise levels. Turbine IDs shown. 

Contour label values:   ADE PREDICTED / SHIRLEY MEASURED 

 

 

Note: Any values above 10 dB exceed the Mass DEP noise regulations. 
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Attachment 1 - Community Reaction to Environmental Noise. 

Excerpt From: Information On Levels Of Environmental Noise Requisite To Protect Public 

Health And Welfare With An Adequate Margin Of Safety, 550/9-74-004, March 1974. 

There are two methods of indirectly assessing the cumulative effects of environmental noise on 

people. These are examining the reactions of individuals or groups of individuals to specific 

intruding noises, either (a) with respect to actions taken (complaints, suits, etc.), or (b) in terms 

of responses made to social survey questionnaires. The first category, involving overt action by 

individuals or groups, is summarized in this section, and key data regarding the second category, 

involving responses indicating annoyance, is summarized in the next section. 

In the last 25 years, many new types of noise sources have been introduced into suburban and 

urban residential communities. These sources, such a jet aircraft, urban freeways, new industrial 

plants, and homeowner equipment, have created numerous community problems with 

environmental noise. These problems have provided significant data and insight relating to 

community reaction and annoyance and stimulated the development of several indices for 

measurement of the magnitude of intruding noises. 

Various U.S. Governmental agencies began to investigate the relationships between aircraft noise 

and its effect on people in communities in the early 1950's. This early research resulted in the 

proposal of a model by Bolt, Rosenblith and Stevens for relating aircraft noise intrusion and the 

probable community reaction. This model, first published by the Air Force, accounted for the 

following seven factors: 

   1. Magnitude of the noise with a frequency weighting relating to human response. 

   2. Duration of the intruding noise. 

   3. Time of year (windows open or closed). 

   4. Time of day noise occurs. 

   5. Outdoor noise level in community when the intruding noise is not present. 

   6. History of prior exposure to the noise source and attitude toward its owner. 

   7. Existence of pure-tone or impulsive character in the noise. 

Correction for these factors were initially made in 5 dB intervals since the magnitudes of many 

of the corrections were based solely on the intuition of the authors, and it was considered 

difficult to assess the response to any greater degree of accuracy. This model was incorporated in 

the first Air Force Land Use Planning Guide in 1957 and was later simplified for ease of 

application by the Air Force and the Federal Aviation Administration. 

Recently the day-night sound level has been derived for a series of 55 community noise 

problems to relate the normalized measured Ldn with the observed community reaction. The 

normalization procedure followed the Bolt, Rosenblith and Stevens method with a few minor 

modifications. The correction factors which were added to the measured Ldn to obtain the 
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normalized Ldn are given in Table D-7. The distribution of the cases among the various noise 

sources having impact on the community are listed in Table D-8. The results are summarized in 

Figure D-7. 

The "no reaction" response in Figure D-7 corresponds to a normalized outdoor day-night sound 

level which ranges between 50 and 61 dB with a mean of 55 dB. This mean value is 5 dB below 

the value that was utilized for categorizing the day-night sound level for a "residential urban 

community," which is the baseline category for the data in the figure. Consequently, from these 

results, it appears that no community reaction to an intruding noise is expected, on the average, 

when the normalized day-night sound level of an identifiable intruding noise is approximately 5 

dB less than the day-night sound level that exists in the absence of the identifiable intruding 

noise. This conclusion is not surprising; it simply suggests that people tend to judge the 

magnitude of an intrusion with reference to the noise environment that exists without the 

presence of the intruding noise source. 

The data in Figure D-7 indicate that widespread complaints may be expected when the 

normalized value of the outdoor day-night sound level of the intruding noise exceeds that 

existing without the intruding noise by approximately 5 dB, and vigorous community reaction 

may be expected when the excess approaches 20 dB. The standard deviation of these data is 3.3 

dB about their means and an envelope of +5 dB encloses approximately 90 percent of the cases. 

Hence, this relationship between the normalized outdoor day-night sound level and community 

reaction appears to be a reasonably accurate and useful tool in assessing the probable reaction of 

a community to an intruding noise and in obtaining one type of measure of the impact of an 

intruding noise on a community. 

The methodology applied to arrive at the correlation between normalized Ldn and community 

complaint behavior illustrated in Figure D-7 is probably the best available at present to predict 

the most likely community reaction in the U.S. Unfortunately, readiness to complain and to take 

action is not necessarily an early indicator of interference with activities and annoyance that the 

noise creates. The fact that correction for the normal background noise level without intruding 

noise results in better correlation of the data points might be interpreted to mean that urban 

communities have adapted to somewhat higher residual noise levels that are not perceived as 

interfering or annoying. On the other hand, it is more likely that the higher threshold for 

complaining is caused by the feeling that higher residual noise is unavoidable in an urban 

community and that complaining about "normal" noise would be useless. 
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Table D-7. CORRECTIONS TO BE ADDED TO THE MEASURED DAY-NIGHT SOUND 

LEVEL (Ldn) OF INTRUDING NOISE TO OBTAIN NORMALIZED Ldn
1
 

Type of 

Correction 
Description 

Amount of Correction to 

be Added to Measured 

Ldn in dB 

Seasonal 

Correction 

Summer (or year-round operation)  

 

Winter only (or windows always closed) 

0  

 

-5 

Correction 

for Outdoor 

Noise Level 

Measured in 

Absence of 

Intruding 

Noise 

Quiet suburban or rural community (remote from large 

cities and from industrial activity and trucking) 
+10 

Normal suburban community (not located near 

industrial activity) 
+5 

Urban residential community (not immediately adjacent 

to heavily traveled roads and industrial areas) 
0 

Noisy urban residential community (near relatively busy 

roads or industrial areas) 
-5 

Very noisy urban residential community -10 

Correction 

for Previous 

Exposure & 

Community 

Attitudes 

No prior experience with the intruding noise  +5 

Community has had some previous exposure to 

intruding noise but little effort is being made to control 

the noise. This correction may also be applied in a 

situation where the community has not been exposed to 

the noise previously, but the people are aware that bona 

fide efforts are being made to control the noise. 

0 

Community has had considerable previous exposure to 

the intruding noise and the noise maker's relations with 

the community are good 

-5 

Community aware that operation causing noise is very 

necessary and it will not continue indefinitely. This 

correction can be applied for an operation of limited 

duration and under emergency circumstances. 

-10 

Pure Tone 

or Impulse 

No pure tone or impulsive character  

 

Pure tone or impulsive character present 

0  

 

+5 
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Table D-8. NUMBER OF COMMUNITY NOISE REACTION CASES  

AS A FUNCTION OF NOISE SOURCE TYPE AND REACTION CATEGORY  

Type of Source 

Community Reaction Categories 

Total Cases Vigorous Threats 

of Legal Action 

Wide Spread 

Complaints 

No Reaction or 

Sporadic 

Complaints 

Transportation vehicles, 

including:  

Aircraft operations  

Local traffic  

Freeway  

Rail  

Auto race track  

 

Total Transportation 

 

6  

 

1  

 

2 

 

2  

 

 

1 

4  

3  

 

 

12  

3  

1  

1  

2 

9 3 7 19 

Other single-event or 

intermittent operations, 
including circuit breaker 

testing, target shooting, 

rocket testing and body shop 

5    

Steady state neighborhood 

sources, including 

transformer substations, 

residential air conditioning 

1 4 2 7 

Steady state industrial 

operations, including 

blowers, general 

manufacturing, chemical, oil 

refineries, et cetera 

7 7 10 24 

Total Cases 22 14 19 55 
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Figure D-7. Community Reaction to Intensive Noises of Many Types as a Function of the 

Normalized Outdoor Day Night Sound Level of the Intruding Noise
1
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Eldred, K. M., "Community Noise", Environmental Protection Agency NTID 300.3, 

December 1971. 
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Attachment 2 - Nuisance from Low Frequency Noise. 

The Mass DEP regulations and the Webster Town codes do not directly regulate or provide 

guidance on low frequency noise emissions from power generation facilities. The A-weighted 

sound level by design filters out the low frequency noise contributions so that it is not possible to 

effectively evaluate for the potential for low frequency community noise impacts. Officials 

reviewing wind turbine proposals should understand the potential for an adverse community 

reaction to low frequency noise.  Wind turbines have proven themselves to be a significant 

producer of low frequency energy. 

ADE's report was silent on the potential for low frequency noise impacts and resulting nuisance. 

This is remarkable because since at least 1987, low frequency community noise impacts have 

been known and published by a number of acoustic researchers, among others, the US 

Department of Energy [8].  

Much more has been learned on the community response to large industrial wind turbines since 

the ADE report was issued in 2010. The following discussion addresses a method for assessing 

impacts of low frequency noise emissions, which are demonstrated to be audible and capable of 

creating a nuisance at residences near the Douglas Woods Wind Farm. 

 

Denmark has a long and well-established history with wind turbines. We understand that recent 

replacement of older, smaller wind turbines with newer, larger industrial wind turbines has 

provoked community resistance and complaints. The Danish Ministry of Health has an industrial 

indoors low frequency night noise limit of 20 Lpa,LF (10-160 Hz A-weighted one-third octave 

bands) which provides an established metric for assessing for and preventing potential low 

frequency noise disturbance indoors. In 1999 the Dutch Foundation for Noise Nuisance (NSG) 

published a guideline for low frequency noise [9] which became a basis for case law. The criteria 

are based on hearing thresholds for the 10% most sensitive people in an ontologically unselected 

population aged 50-60 years. These 10% thresholds are typically about 4-5 dB lower than the 

average threshold for ontologically normal young adults (18-25 years) as given in ISO 226. 

Denmark extended the law to regulate industrial wind turbines effective January 1, 2012. 

For this review, low frequency emissions from the proposed Douglas Woods Wind Farm were 

assessed by using known one-third octave band sound levels for the Nordex N100/2500 at 1100ft 

(Shirley study, location R2). Example house noise reductions used in the Danish law are under 

                                                 
8
 Kelley, N., "A Proposed Metric for Assessing the Potential of Community Annoyance from Wind Turbine Low-

Frequency Noise Emissions". US Department of Energy, Contract No. DE-AC02-83CH1 0093, November 1987, 

Presented at the Windpower '87 Conference and Exposition, October 5-8, 1987. 
9
 G.P. van den Berg, "Assessment Of Low Frequency Noise Complaints", Science Shop for Physics, University of 

Groningen, Presented At Internoise '99. 
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controversy as they allow higher interior sound levels a percentage of the time [10]. House noise 

reduction values were taken from the Epsilon 2006 study Table 4.3-1 [11]. The expected interior 

sound levels from the Douglas Woods Wind Farm were plotted with the NSG hearing threshold 

and the Danish 20 dBA low frequency noise limit as shown in Figure 2-1. The Douglas wind 

turbines are expected to exceed the limits set in Denmark law to prevent nuisance. 

We understand that while the Danish indoors industrial noise limits limits have no direct legal 

bearing in Massachusetts, they are validated by medical research and used by the Danish state for 

preventing nuisance. They should be considered a validated reference and criterion for 

preventing nuisance from industrial low frequency noise. 

 

Figure 2-1. Indoors, low-frequency noise impact at 1100 feet, based on Nordex N100/2500 noise 

levels measured at Location R2, Shirley, Wisconsin, December 2012.  

 

 

  

                                                 
10

 "The Danish Environmental Protection Agency measurements of sound insulation is fundamentally wrong, and 

the data should be discarded," Persson Waye with Aalborg researchers in the scientific journal, the Journal of Low 

Frequency Noise, Vibration and Active Control. 
11

 "A Study of Low Frequency Noise and Infrasound from Wind Turbines", Epsilon Report No. 2433-01, 2006. 
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This review's indoors low frequency calculation determined the following. 

Conclusion: Expected indoors noise levels from the Douglas facility exceed reference limits 

established to prevent nuisance from low-frequency industrial noise.  

 -- At 1100 feet, the distance to nearby homes, the proposed Douglas Woods Wind Farm would 

produce audible low frequency sound indoors at 27 Lpa,LF, which strongly exceeds the Danish 

20 Lpa,LF limit indoors. Exceedences of 20 Lpa,LF rapidly escalate annoyance and levels 

nearing 30 dBA are considering strongly annoying. A nuisance condition is expected.  

 -- This low frequency analysis determined that the difference in decibels between Lpa,LF and 

dBA was 21 dB (example 48 dBA, 27 Lpa,LF). This determination is buttressed by the research 

published by Moller et al, 2011, who found a similar, 20-dB difference between dBA and Lpa,LF 

for the Vestas V112-3MW turbine. The similar results suggest a predictable degree of low 

frequency noise from the large turbines of this size (blades 50-56 meters in length).  

 -- For planning to avoid indoors low frequency impacts, the wind turbine's outdoors dBA level 

should be kept below 40 dBA at nearby homes. That criterion should keep indoors low frequency 

intrusive noise below 20 Lpa,LF, the protective maximum limit on nuisance from low frequency 

noise established by the Danish Ministry of Health. 

 -- From this analysis, the distance to the 20 Lpa,LF Danish limit from the Nordex N100/2500 

wind turbines was computed to be 2460 feet. In other words, about a 1/2 mile minimum setback 

would be needed to reduce the indoors, low frequency noise levels to the 20 Lpa,LF protective 

limits established by the Danish Ministry of Health. Larger distances would be needed as a 

design safety margin to assure no low frequency impacts. Distances of a 1/2 mile or more for 

setback to prevent nuisance are not available at the Douglas Woods Wind Farm.  
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Attachment 3 - Massachusetts Noise Regulations Fact Sheet. 

  
  



Proposed Douglas Woods Wind Farm July 26, 2013 - Peer-Review, Ambrose & Rand  

   

 - 23 - 

 
  



Proposed Douglas Woods Wind Farm July 26, 2013 - Peer-Review, Ambrose & Rand  

   

 - 24 - 

 
 

 

  

 

 

 

 

  



Proposed Douglas Woods Wind Farm July 26, 2013 - Peer-Review, Ambrose & Rand  

   

 - 25 - 

Attachment 4 - Optimal wind conditions for wind turbine noise surveys. 

 

The Pasquill stability classes are presented below as they are defined by the prevailing 

meteorological conditions of: (a) surface wind speed measured at 10 meters above ground level 

and (b) day-time incoming solar radiation or the night-time percentage of cloud cover [note 1]. 

 

Surface 

Wind speed 

Daytime 

Incoming Solar Radiation 

Night-time 

Cloud Cover 

m/s mi/hr Strong Moderate Slight > 50% < 50% 

<2 <5 A A-B B E F 

2-3   5-7 A-B B C E F 

3-5 7-11 B B-C C D E 

5-6 11-13 C C-D D D D 

>6 >13  C D D D D 

 Note: Class D applies to heavily overcast skies, at any wind speed day or night.  

 

 

In stable conditions (stability classes E and F), winds are light on the ground yet strong aloft. The 

higher wind gradient causes a non-optimal angle of attack at the blade tips when the tips travel 

far below and above the hub. This is known to increase sound level (van den Berg 2006).  

 

The optimal atmospheric conditions for obtaining lowest (worst-case) background sound 

measurements for future consideration of intrusive wind turbine noise is with surface wind 

speeds below 5 mi/hr, and during occurrence of stability class E or F. Measurements should be 

taken with wind turbines running with wind speed at hub height sufficient to meet nominal 

power output or higher and at 2 m/s or below at the microphone location. Conditions for 

background and wind turbine measurements should reflect the worst case sound emissions from 

the wind turbine project. This will normally involve tests taken during the evening or night when 

winds are calm (2m/sec or less) at the ground surface yet, at hub height, sufficient to operate the 

turbines. 

 

 

NOTES: 

(1) NOAA reference, http://www.arl.noaa.gov/READYpgclass.php 

(2) m/s = meters per second 

(3) mi/hr = statute miles per hour 
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Attachment 5 - Design margin needed to assure compliance with Mass DEP noise limits. 

There was no evidence found for including a design margin to ensure the wind turbine would 

meet the Mass DEP maximum allowed increases. An appropriate design margin of 3 to 5 dB 

would strengthen assurances that the wind turbine would meet the state regulations. 

 

ADE’s prediction tabulated data for Locations A, A1, B and B1 are shown below in Table 5-1.  

This is followed by Table 5-2 which used the same data and includes correction factor 

adjustments that are appropriate for determining compliance with the MassDEP regulations. The 

second table confirms that ADE’s report presents data that under-predicts wind turbine noise 

levels, resulting in higher exceedences of the MassDEP noise limits. 

 

Tables 5-1 and 5-2. MassDEP Compliance Assessment, using lowest L90 per MassDEP. 

Table 5-1.      

ADE's Data Units A A1 B B1 

Nordex N100 Sound Power Level dBA 106.0 106.0 106.0 106.0 

Highest Predicted Average Sound Level dBA 40.7 40.9 41.3 44.2 

Lowest Measured Ambient L90 dBA 31.2 31.2 31.2 31.2 

Increase Over Background Ambient dB 9.5 9.7 10.1 13.0 

MassDEP Allowed Increase Above L90 dB 10 10 10 10 

MassDEP Exceedence dB -0.5 -0.3 +0.1 +3.0 

      

Table 5-2. 
     

ADE's Data with Correction Factors 
 

A A1 B B1 

Nordex N100 Sound Power Level dBA 106.0 106.0 106.0 106.0 

Highest Predicted Average Sound Level dBA 40.7 40.9 41.3 44.2 

Amplitude Modulation Adjustment (3-6) dB 3 3 3 3 

Design Safety Margin of (3-5) dB 3 3 3 3 

Corrected Predicted Average Sound Level dB 46.7 46.9 47.3 50.2 

Lowest Measured Ambient L90 dBA 31.2 31.2 31.2 31.2 

Increase Over Background Ambient dB 15.5 15.7 16.1 19.0 

MassDEP Allowed Increase Above L90 dB 10 10 10 10 

MassDEP Exceedence dB +5.5 +5.7 +6.1 +9.0 
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During permitting of new baseload power plants in Massachusetts, the Energy Facilities Siting 

Board (EFSB) has set permit conditions limiting maximum increases in sound levels at 

community residences to less than the 10 dBA maximum increase in the MADEP Noise 

Guideline, limiting increases to 6 -7 dBA above the background ambient L90.  

Use of the EFSB 6-7 dB limit on increases due to power plant noise effectively provides a design 

margin of 3-4 dB on a 10-dB rise over the background L90. 

Under EFSB permitting, and assuming that the appropriate background L90 is closer to 27 dBA 

as measured at other wind facility locations, then the Douglas Wind project would need to not 

exceed 33 dBA at nearest neighbors. It is worth noting that this criterion level is consistent with 

the community reaction of no more than "Sporadic Complaints" (based on the EPA Normalized 

Community Reaction method and Levels Document Appendix G when adjusted for intrusive 

wind turbine noise in quiet areas).  Whereas, ADE’s predictions would result in "Widespread 

Complaints” to "Strong Appeals to stop the noise" at nearest neighbors. 

About 1-1/4 miles would be needed to achieve a wind turbine sound level of 33 dBA from the 

Douglas Woods Wind Farm.  These distances are not available at the proposed site. 

 


