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1.0 INTRODUCTION

 

 

 

2.0 STUDY AREA

Figure 1: Study Area Map Showing Wind Turbines, Municipal Boundaries, and Study Participant Locations
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3.0 NOISE STANDARD

�“Allegheny Wind shall make a good faith effort to maintain a noise level attributable to the wind
turbine generators of not more than 45 dBA within a reasonable margin of error as measured at
existing Non Participating residences;�”

4.0 RESIDENCE NOISE LOG RESULTS

4.1 Noise Log Description

4.2 Summer Noise Log
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Figure 2: Map of Noise Log Participants

4.3 Winter Noise Log

5.0 LONG TERM SOUND LEVELMONITORING
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5.1 Equipment Description

5.2 Sound Monitoring Locations

Figure 3: Map of Long term Noise Monitor Locations
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Figure 4: Picture of the Reilly Monitor Looking Southwest towards the House

 

Figure 5: Picture of the M. BaumMonitor Looking Southwest towards the House
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Figure 6: Picture of the Batdorf Monitor Looking Southwest towards the House

 

Figure 7: Picture of the Chappell Monitor Looking Northwest towards the House
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Figure 8: View from the Stull Monitor Looking North towards Turbine A20

5.3 Weather Conditions

5.3.1 Weather during the Winter Monitoring Period
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Figure 9: Average Wind Speed and Gust Speed (10 min, mph) at the Reilly Station for the Winter Monitoring Period
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Figure 10: Average Wind Speed and Gust Speed (10 min, mph) at the Stull Station for the Winter Monitoring Period
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Figure 11: Temperature and Relative Humidity (10 min, F, %) at the Reilly Station for the Winter Monitoring Period
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5.3.2 Weather during the Spring Monitoring Period
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Figure 12: Average Wind Speed and Gust Speed (10 min, mph) at the Reilly Station for the Spring Monitoring Period
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Figure 13: Temperature and Relative Humidity (10 min, F, %) at the Reilly Station for the Spring Monitoring Period
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5.4 Sound Level Monitoring Results

5.4.1 Reilly Monitor

Figure 14: Winter Monitoring Results at the Reilly Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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1 ANSI S12.18, �“Procedures for Outdoor Measurement of Sound Pressure Level,�” states that �“no sound level measurement shall be made
when the average wind velocity exceeds 5 m/s�” when measured at a height of 1.8 to 2.2 meters above the ground.
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Figure 15: Spring Monitoring Results at the Reilly Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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5.4.2 M. BaumMonitor

Figure 16: Winter Monitoring Results at the M. Baum Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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Figure 17: Spring Monitoring Results at the M. Baum Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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5.4.3 Batdorf Monitor
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Figure 18: Winter Monitoring Results at the Batdorf Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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Figure 19: Spring Monitoring Results at the Batdorf Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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5.4.4 Chappell Monitor
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Figure 20: Winter Monitoring Results at the Chappell Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line

20

25

30

35

40

45

50

55

60

65

70

75

80

2/11/09 2/12/09 2/13/09 2/14/09 2/15/09 2/16/09 2/17/09 2/18/09 2/19/09

So
un

d
Pr
es
su
re

Le
ve
l(
dB

A
)

Leq (10 min)

L90 (10 min)

Figure 21: Spring Monitoring Results at the Chappell Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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5.4.5 Stull Monitor

Figure 22: Winter Monitoring Results at the Stull Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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Figure 23: Spring Monitoring Results at the Stull Monitor Ten Minute Leq and L90 with a 45 dBA Limit Line
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6.0 SHORT TERM SOUND LEVELMONITORING

 

 

 

 

6.1 First On Call Visit, February 11 at the Stull Residence
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Figure 24: Monitoring Results from the First On Call Visit at the Stull Residence on February 11, 2009
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6.2 Second On Call Visit, February 13 at the Baum Residence

 

 

 

Figure 25: Monitoring Results from the Second On Call Visit at the M. Baum Residence on February 13, 2009
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6.3 Third On Call Visit, February 14 at the Baum Residence
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Figure 26: Monitoring Results from the Third On Call Visit at the M. Baum Residence on February 14, 2009
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6.4 Fourth On Call Visit, February 16 at the Reilly Residence
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Figure 27: Monitoring Results from the Fourth On Call Visit at the Reilly Residence on February 16, 2009
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Jim Cummings
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Figure 28: Spectrogram of Typical Swooshing Noise Created by Wind Turbines

Figure 29: Spectrogram of the Swooshing Noise Produced at the Reilly Residence on February 16

The spaced out vertical red lines
represent the beat of the
swooshing sound. The yellow and
red colors represent higher levels.

Lower Frequencies (0 to 30 Hz)

The spaced out vertical red lines
represent the beat of the
swooshing sound. The yellow and
red colors represent higher levels.

Lower Frequencies (0 to 30 Hz)
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7.0 DISCUSSION AND CONCLUSIONS

 

 

 

 

Jim Cummings


Jim Cummings


Jim Cummings




APPENDIX A

Noise Log Results Memo



 

 

 

MEMORANDUM 
 
 
To: Michael Routch 
 Myrle Baum 
 David Smith 
From: Kenneth Kaliski, P.E., INCE Bd. Cert. 
 Kevin Hathaway 
Subject: Residence noise log results 
Date: 15 October 2008 

INTRODUCTION 

This memo summarizes the results of resident noise logs between June 5 and August 18, 2008. The 
purpose of the logs was to determine what meteorological conditions resulted in high sound levels from 
the wind turbines at the Allegheny Ridge Wind Farm. 

SUMMARY STATISTICS 

20 sets of paper logs with postage paid envelopes were sent to Brian for distribution. In addition, a 
website was made available to residents as an alternative to filling out the paper logs. A copy of the paper 
log is shown in Appendix A. 

Eight residences responded with at least one observation. In total, 384 observations were recorded. All 
but four observations were via the paper logs. The eight residences are shown in Figure 1. A summary of 
the reported loudness, with 5 being the loudest, is shown in Table 1. (Note the residents were asked to 
report when the turbines were loud, and did not report each day). 

Pressure and temperature data was not available from the met tower during the monitoring period. 
Therefore, hourly met data from the Johnstown Airport was obtained and added to the data set. A 
summary of this data is shown in Tables 3 and 4. 

Wind speed, wind direction, power output, and RPM data for the 27 closest turbines were provided by 
the Allegheny Ridge Wind Farm. These were also added to the data set. 

The met data during each logged event was averaged over a four hour period to allow for the fact that 
events lasted for some finite period of time. 

In total, we had 86 variables to work with, including the logs, airport met data, and turbine data. The 
entire data set, excluding the confidential turbine data, is attached to this email as a Microsoft Excel file. 

Jim Cummings
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Figure 1: Location of Respondents 

 

Table 1:  Summary Statistics of Reported Turbine Loudness (5 being the loudest) 
Loudness 
Rating Frequency Percent 
      

1 78 20.31 
2 79 20.57 
3 143 37.24 
4 60 15.63 
5 24 6.25 

      
Total 384 100 

Jim Cummings


Jim Cummings
8 residents responded; it could be interesting to know how the 384 were distributed.
Average would be 48 each, so a pretty good range; more likely is a few with even more than this, and a few with just a few reports (the latter may be less reliable in terms of understanding the distribution)
"asked to report when turbines were loud", so that implies ALL of these are times of relative loudness??  or did fuller respondents report quiet times?
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Table 2: Summary Statistics of Airport Meteorological Data 
variable mean St dev median min max 
            
temp 70 7 71 52 85 
dew pt  58 6 61 42 66 
humidity 69 14 66 37 94 
pressure 30 0 30 30 30 
visibility 9 2 10 0 10 
wind speed 8 3 8 4 20 

Table 3:  Summary Statistics of Frequency of Rising and Falling Air Pressure 

  Frequency Percent 
Cumulative 

percent
       
Falling 180 49 49
Stable 23 6 55
Rising 164 45 100
       
Total 367 100  

 

STATISTICAL MODELING 

Our primary aim was to determine which meteorological conditions were most strongly associated with a 
neighbor recording a �“4�” or �“5�” on the survey�’s loud rating scale (referred hereafter as a loud period). 
These responses represent the most problematic conditions and were the focus of our modeling effort. 
To do this, binary logistic regression (generalized linear model with logit link and binomial distribution) 
was employed to estimate the odds of observing loud periods relative to other periods (1, 2 or 3 on the 
loud rating scale). Logistic regression is statistical modeling approach used to describe the relationship of 
one or more explanatory variables (X1, X2, �… Xk) to a dichotomous outcome variable, Y. Equation 1 
describes this formula: 

(1)    
k

j
jjo X

YYE

1
exp1

1)1Pr()(  
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The model is fitted to the data being studied using maximum likelihood1. In our case, we wish to test the 
strength that several meteorological conditions are associated with our loud period outcome, Y. 
Consistent with outdoor acoustical theory, we tested wind speed, temperature, humidity, and cloud cover. 
All four variables were significantly associated with our outcome. Conversely, other attributes such as 
atmospheric pressure and wind direction provided no significant explanatory power with this sampling 
dataset. The model was fit using STATA 9.0 (College Station, TX). The resulting statistical table below 
shows the results of our analysis. 
 

Table 1: Results from Logistic Regression 

Logi s ti c regres s i on Number of obs = 363
LR chi2(6) = 47.17

Log l i kel i hood (nul l ) = 187.58155 Prob > chi2 = 0.000
Log l i kel i hood (ful l ) = 163.99891

Loud Per i od Odds Rati o SE z P>z [95% Conf. Interva l ]

Wind Speed 1.21 0.07 3.33 0.001 1.08 1.35
i .Partly Cloudy 0.27 0.09 4.09 0.000 0.15 0.51
i .Mostly Cloudy 0.78 0.30 0.63 0.526 0.37 1.66
i .Full Clouds 1.80 1.33 0.8 0.424 0.42 7.66
Temp (F) 1.10 0.03 3.36 0.001 1.04 1.17
Humidity 1.05 0.02 3.09 0.002 1.02 1.08

*The cloudiness variable was modeled using reference cell coded indicator variables

relative to
clear skies*

 

Statistical Table Explained 

LRchi2(6): The Chi-square statistic with 6 degrees of freedom for the likelihood ratio test.  

Calculated by LRchi2 = -2logLnull – (-2logLreduced) = (-2)*(-187.58) – (-2)*(-163.99)  

Prob>chi2: The probability of observing a LR chi-squared statistic this large by chance. Tells us our model is significantly better than no 

model at all (null model). 

Odds Ratio:  Odds ratios describe the relative odds of observing a loud period compared to the other period described by respondents. If 

an odds ratio is greater than 1 (and significant at 5% type I error, p<0.05), we conclude that variable increases the odds of a loud period. 

Alternatively, an odd ratio less than 1 tells us a variable is associated with decreased odds of a loud period.  

SE: standard error of the estimate 

                                                      

1 Kleinbaum, Kupper, Muller, and Nizam. Applied Regression and Other Multivariable Methods: Ch 23, Logistic Regression Analysis, 3rd Ed. Duxbury 

Press, Pacific Grove, CA. 1998. 
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Z: The Z test statistic indicating the number of standard deviates the estimate is from the expected value (null hypothesis that the variable�’s 

odds ratio is 1). 

P>z: The probability that we would observe a z statistic this large by chance alone. E.g. 0.001 indicates that only 1 in 1000 samples would 

provide an effect this large by chance. 

95% Confidence Intervals: Indicate that if we repeated this sampling 100 times and constructed 100 confidence intervals for some 

variable X, 95 of them would contain the true value we are estimating. 

Logistic regression produces a useful summary estimator known as an odds ratio. From this table, we 
conclude that increasing wind speed, temperature, and humidity increased the odds of observing loud 
periods. Conversely, partly cloudy days were less likely than clear days to occur with loud periods. More 
specifically, a 1 meter per second increase in wind speed will increase our odds by 21% (1.21, 95% CI 
1.08-1.35) of observing a loud period. Similar inferences can be made for the other estimates.  

 
Figure2: ROC Plot for Logistic Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

We conducted a number of other tests, but found that other combinations of variables did not increase 
the likelihood of loud events, or that the events were not predictable, and therefore not useful for the 
purpose of predicting events. 
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Area under ROC curve= 0.7435

 

Logistic model explanatory

power can be graphically

summarized using an ROC

(receiver operating curve)

figure (Figure 0 1). An area of

0.5 (red line) would indicate

the model provides no useful

power. Here we see a value of

0.74, considered to provide

reasonable predictive ability

by statisticians (sensitivity

indicates the ability of a test,

or model, to correctly detect

true positives and specificity

indicates the model�’s detection

of true negatives).
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CONCLUSIONS 

In finding a period of time to monitor the wind farm, we will be looking for an extended period with 
higher temperatures, moderate to high winds, higher-than-average humidity, and clear or overcast skies. 

To get a good distribution of monitoring sites, we recommend placing sound level meters at Stull, 
Chappell, Brian Baum, and either at Myrle Baum, Reilly, or Black. 

  



 

APPENDIX A 

RESIDENT LOG 



Comments

Just Lawn and/or low lying gardens

Lawn with a couple trees and/or taller bushes

Lawn with several trees and/or taller bushes

Forested




