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Data Requests and Inferrogatories, Cont’d.

Hardin Wind Farm / [nvenergy
December 11, 2009

31. Have any actual (e.g., existing, day vs. night and season vs. season) ambient noise
measurements been conducted? If se, what actual values were measured and when were

the measurements conducted? If not, why not, and does the Applicant plan to conduct
such measurements?

Yes, see attached a report discussing ambient noise measurements.

54. Please provide the forecasted L g omsiz: HOise level' for all residences within one mile of the
project area. Please list, in table format and in a corresponding electronic spreadsheet, the
residence address, contributing turbine(s), distance from the nearest turbine, and measured Lo
nighttime ambient noise level,

Pease see response to Data Request No. 39. Measured L90 daytime and nighttime by

reference wind speed at hub height is provided in the table below. Sound levels shown
below are project wide values.

Measured Sound Levels Referenced to Wind Speeds at 30m Hub Height

Wind Speed at Hub Height
Sound Regression Analysis | Monitoring
Metric Equation Period 4 mfs 5 mfs 6m's 7 m/s 8mfs
Calm | Omph) | (112 (13.4 (15.9 (179
mph) mph) mph) mph)
L y=0.1444x2 - 0.7975x + Day 309 39.7 40.2 41.0 421 434
]
y=0.1692x2 - 0.4268x + Night 307 320 331 3435 36.3 384
L ¥y=0147:2 - 0.683x + 419 Day 41.4 415 4272 431 443 458
10
y=0.1861x2 - 0.5098x + Night 325 338 349 36.5 384 40.7
L y=01266x2 - 0.2833x + Day 345 35.5 36.4 Y 389 40.5
S0
v=01805x2 - 0.6374x + Might 294 302 312 325 342 36.3
Lo y=0.1078x2 - 0.1314x + Day 309 321 330 34.9 353 358
0
y =0.1578x2 - 0.5632x + Night 275 282 280 30.2 3.7 335

' World Health Organization Regional Office for Europe. (2009). Night Noise Guidelines for Europe. Retrieved
from WHO/Europe Web site. hitp://www euro. who.int/Document/E92845.pdf
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What forecasted ambient noise level was input to model Figure 08-01 of the application
and subsequent data request items?

Figure 08-01 of the application presents Project generated sound, i.e. projected sound levels
are independent of existing conditions.

Using the actual ambient noise levels instead of forecasted levels, please ve-run the model
and produce a new noise contour map (similar to Figure 08-01 of the application).

Please see the attached Revised Figure 08-01, which accounts for the cumulative effects of
project-generated sound in conjunction with daytime ambient Leq sound levels under
maximum rotational wind speed. As shown in the above table, nighttime ambient L¢q sound
levels under maximum rotational wind speed are lower than daytime Leq sound levels.
Cumulative effects of project-generated sound and nighttime ambient Lq sound levels under
maximum rotational wind speed would be negligible.



SGS

Hardin Wind Farm
Baseline Sound Survey Report

Hardin County, Ohio

December 11, 2009

Prepared for

—{

hardin

WII

ENET2Y L1k

Hardin Wind Energy LLC

Prepared by

T

TETRATECH EC,:NC,

133 Federal Sireet
Boston, MA 02110
617-457-8200




@ TETRATECH EC. Baseline Sound Survey
Hardin Wind Farm

TABLE OF CONTENTS
1.0 INTRODUCTION 1
2.0 SETTING 1
3.0 ACOUSTIC TERMINOLOGY AND DEFINITIONS 3
4.0 OPSB NOISE RULE AND REQUIREMENTS 7
5.0 METHODOLOGY ” 8
5.1 Acoustic Measurement [nstrumentation 8
5.2 Metearological Measurement InStrumenmtatioNu e esssssersssssesnsarsems - 9
53  Monitoring Positions 9
6.0 SOUND SURVEY RESULTS AND CONCLUSIONS 18
6.0 SOUND SURVEY RESULTS AND CONCLUSIONS 19
TECHNICAL REFERENCES 35
TABLES
Table !  Various indoor and Qutdoor Sound Pressure (LP) Levels............. rerrereerrrersbetats 5
Table2  Acoustic Terms and Defilitions ...........cc.eecsremmersismssisssnssesimssssssssmmmessssssssssssssrssssssrssessen 6
Table3  Measured Sound Levels at Reference Wind Speeds - MP 1 ... cinsnensccssmnmsmsssisneisans 32
Table4  Measured Sound Levels at Reference Wind Speeds - MP 2 .....oovcrcceseesssceserecmsenss s sssssnisns 32
Tabie5  Measured Sound Levels at Reference Wind Speeds - MP 3 . venreeees 33
Table6  Measured Sound Levels at Reference Wind Speeds - MP 4 ., 33
Table7  Measured Sound Levels at Reference Wind Speeds — Al MPS .......coco.ienrmrersmecsesssssassssassas 3
FIGURES

Figure 1 Project Layoul ... s s e ssaonanssnssnss sassasesssans P
Figure 2 Orthophoto of Monitoring POSIHON 1. ..........cccceeierioersseriesinresansnrsnssssssssssnsressessememsmesssesssssaseos 11
Figure 3 Photographs of MOMItOTINE POSION 1 ..v..uuueccrermeueerovrersessssssessossesssmsssesissssssessetisessssinssmassse s 12
Figure 4 Orthophoto of MONIOring POSIION 2. ...cc.u..su.e.ceemeerrereeressssserresrscssssssonmasssossrassussnesissssssssonemsomssre 13
Figure 5 Photographs of MOntOring POSION 2 ........orrcrreeemreemeusssnsssrrsessisesrrsresssersssssssssessassssessssemsnneeee 14
Figure 6 Orthophoto of Monitaring Position 3... e ensrine et rae e s ast siersm R s b e nes s s 15
Figure 7 Photographs of Monitoring POSItion 3 .....e...wsseceessssannees wrrsireensenireanse 10
Figure 8 Orthophoto of Monitoring Position 4...........seeeeserssssenes SRURVOTROR ¥

i



I TETRA TECH EC, Baseline Sound Survey
Hardin Wind Farm

Figure 9 Photographs of Monitoring POSIHION 4 ...c.evceievensiminniiesiininsinees s sresssssnssas st sesemsessens sasemsssssanes 18
Figure 10 Monitoring Station | - Summary of Analyses of Measured Lgg Sound Pressure Levels............ 22
Figure 11 Monitoring Station 2 - Summary of Analyses of Measured Lgg Sound Pressure Levels............ 23
Figure 12 Monitoring Station 3 - Summary of Analyses of Measured Lg, Sound Pressure Levels............ 24
Figure 13 Monitoring Position 4 - Summary of Analyses of Measured Lgg Sound Pressure Levels.......... 25
Figure 14 Summary of Analyses of Measured Lo Sound Pressure Levels for Al MPs ... 26
Figure 15 Monitoring Station 1 - Summary of Analyses of Measured Ly Sound Pressure Levels............. 27
Figure 16 Monitoring Station 2 - Summary of Analyses of Measured Lo Sound Pressure Levels............. 28
Figure 17 Monitoring Station 3 - Summary of Analyses of Measured Lyg Sound Pressure Levels............. 29
Figure 18 Monitoring Station 4 - Summary of Analyses of Measured Lo Scund Pressure Levels.......co.. 30
Figure 19 Summary of Analyses of Measured Ly, Sound Pressure Levels for All MPs........occcciiercemcarenns 31
APPENDICES

MEASUREMENT EQUIPMENT & LABORATORY CALIBRATION CERTIFICATIONS

ii



I TETRATECH EC.

Baseline Sound Survey
Hardin Wind Farm

agl

ANSI

dB

dBA

dBL

Hz

Hardin Wind

MP
mph
MW
NIST
NSA
OPSB
Project
pW

QC

S/N
Tetra Tech
pPa
USEPA
USGS
W

ACRONYMS AND ABBREVIATIONS

above ground level

American National Standards [nstitute
decibel

A-weighted decibel

linear decibel

Hertz

Hardin Wind Energy LLC
day-night averaged sound level
daytime Leq

equivalent sound level

nighttime Leq

sound pressure level

sound power level

statistical sound level

meter

velocity in meters per second
monitoring position

miles per hour

megawatt

National Institute of Standards and Technology
noise sensitive arey

Ohio Power and Siting Board
Hardin Wind Farm

picowatt

quality control

serial number

Tetra Tech EC, Ing,

micropascal

United States Environmental Protection Agency
United States Geological Survey
watt

i



@ TETRATECH EC. Baseline Sound Survey
Hardin Wind Farm

1.0  Introduction

Hardin Wind Energy L1.C (“Hardin Wind”) is proposing to construct and operate a wind energy
facility called the Hardin Wind Farm (the “Project™. The Project is located within Hardin
County, Ohio and consists of General Electric (GE) xle series wind turbines with a nameplate
capacity of either 1.5 megawatt (MW) or 1.6 MW and combined total production capacity of 300
MW. Tetra Tech EC, Inc. (“Tetra Tech™) was retained by Hardin Wind to design and execulc a
baseline sound survey to measure and document the existing ambient sound environment within
the project study area. Acoustical modeling and analyses of the project’s construction amd
operational phases in support of permitting has been completed by Acentech, Inc., one of the
leading acoustic engineering consulting firms in the United States. The following technical report
provides information pertaining to the objectives, survey methodologies, measurement results,
and the overall conclusions solely for the baseline sound study.

For wind energy facilities sited in the state of Ohio, the Ohio Power Siting Board (OPSB) Rule
§4906-17-08(A)2) defines certification requirements for the assessment of noise that must be
addressed during the permitting process. The OPSB Rule dogs not define quantifiable sound
limits either absolute or relative to existing conditions nor does it specifically require the
completion of a baseline sound survey. This survey was completed as a proactive step by the
Hardin Wind Farm, utilizing a well established methodology for baseline sound studies
conducted in conjunction with wind energy facility siting assessments. Data reported may also be
used in response to future OPSB interrogatories.

2.0 Setting

The Project is located entirely on privately owned lands, located approximately 6.4 kilometers (4
miles) south of the Town of Ada and 4.8 kilometers (3 miles) west of the Town of Kenton. The
Project is close to Ohio State Route 309, which is located just north of the project boundary and
runs east-west. The project site is west of Dodds Road (Township Road 65) in McDonald, Hardin
County Ohio. According to the United States Geological Survey (USGS), elevation of the project
site ranges from approximately 297 to 303 meters (975 to 995 feet) above mean sea level. In
general the topography in the immediate vicinity of the site appears to slope gently to the
northwest toward the Scioto River.

The main enterprises within the project site are agriculture, grain farming and some livestock
preduction and dairying. Residences are scattered throughout the project site with a more densely
populated area in the village of McGuffey. Patches of trees and shrubs exist throughout the
project site and are found primarily between agricultural ficlds, in drainages, and as wind shelter
belts around homesteads. Figure 1 presents the project site, locations of the baseline monitoring
positions, project wind turbine layout and existing noise sensitive arcas (NSAs).
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3.0  Acoustic Terminology and Definitions

All sounds originate with a source whether it is a human voice, motor vehicles on a roadway, or a
wind turbine. Sound energy propagates through a medium where it is sensed and then interpreted
by a receiver. A sound source is defined by a sound power level (L), which is independent of
any external factors. By definition, sound power is the rate at which acoustical energy is radiated
outward and is expressed in units of watts (W). Sound energy travels in the form of a wave, a
rapid fluctuation or oscillation of air pressure above and below atmospheric pressure. A sound
pressure level (Lp) is a measure of this fluctuation at a given receiver location and can be obtained
through the use of a microphone or calculated from information about the source sound power
level and the surrounding environment. A source sound power level cannot be measured directly.
It is calculated from measurements of sound intensity or sound pressure at a given distance from
the source outside the acoustic and geometric near-field.

Sound levels are described on a logarithmic scale to account for the large range of pressure that
the human ear can perceive, and is expressed in units of decibels (dB). A decibel is defined as the
ratio between a measured value and a reference value usually corresponding to the lower
threshold of human hearing defined as 2¢ micropascals (jPa). Conversely, sound power is
referenced to 1 picowatt (pW). Broadband sound includes sound energy summed across the
frequency spectrum. In addition to broadband sound pressurs levels, an acoustic assessment may
also include the analysis of the various frequency components of the sound spectrum to determine
tonal characteristics or low frequency noise components. The unit of frequency is Heriz (Hz),
measuring the cycles per second of the sound pressure waves, and typically the frequency
analysis examines 11 octave (or 1/3 octave) bands from 16 Hz (low) to 16,000 Hz (high).

Sound is typically composed of acoustic energy encompassing a wide range of frequencies,
referred to as the frequency spectra; however, the human ear does not interpret the sound energy
from each frequency as equally loud. The A-weighting filter attenuates low and high frequency
energy to simulate the hearing response of the human auditory sysiem. This weighting system has
also been adopted in the evaluation of environmental sound levels and is the most widely
accepted descriptor for community noise impact assessments. Sound levels that are A-weighted to
reflect human response are presented as dBA in this report.

An inherent property of the logarithmic decibel scale is that the sound pressure levels of two
separate sources are not dircetly additive. For example, if a sound of 50 dBA is added to another
sound of 50} dBA, the result is a 3-decibel increase (or 53 dBA), not an arithmetic doubling of 100
dBA. The human ear does not sense changes in the sound pressure level as equal changes in
perceived loudness.
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Scientific research demonstrates that the following general relationships hold between sound
level and human perception for two broadband sound levels with the same or similar frequency
characteristics:

e 1 dBA is the practicaily achievable Limit of the accuracy of sound measurement systems
and corresponds te an approximate 10 percent variation in sound pressure. A 1 dBA
increase or decrease is a non-perceptible change in sound.

s 3 dBA increase or decrease is a doubling (or halving) of acoustic encrgy and it
corresponds to the threshold of perceptibility of change in a laboratory environment. In
practice, the average person is not able to distinguish a 3 dBA difference in
environmental sound outdoors,

¢ 5 dBA increase or decrease is described as a perceptible change in sound level and is a
discernable change in an outdoor environment.

¢ 10 dBA increase or decrease is a tenfold increase or decrease in acoustic energy but is
perceived as a doubling or halving in sound (i.e., the average person will judge a 10 dBA
change in sound level to be twice or half as loud).

Sound can be measured, modeled, and presented in various formats, with the most common
metric being the equivalent sound level (L.,). The L value is the energy averaged sound level
and is defined as the steady, continuous sound level, over a specified time, which has the same
acoustic energy as the actual varying sound levels over the same time. The equivalent sound level
has been shown to provide both an effective and uniform method for comparing time-varying
sound levels and is widely used in acoustic assessments of wind energy facilities. Community
sound levels are also often described in terms of the day-night averaged sound level (L4), which
accounts for the increased potential for annoyance that comes with elevated sound levels at night.

The statistical sound levels (Ls,) provide the sound level exceeded for that percentage of time
over the given measurement period. An L;q level is ofien referred to as the intrusive noise level
and is the A-weighted sound level that is exceeded for 10 percent of the time during a specified
measurement period. The Lgg level is the A-weighted sound level that is exceeded for 90 percent
of the time during the measurement time peried. The Ly can be thought of as the quietest 10
percent of any time period and is often referred to as the residual sound level. The Ly, Lg, and Ly
metrics and percentile statistical sound levels are broadband.

The United States Environmental Protection Agency (USEPA) has published estimates of various
outdoor sound pressure levels and acoustic environments and are presented in Table 1 in terms of
the yearly day-night averaged sound level (Lo ).
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Table1 Various Indoor and Quidoor Sound Pressure (LP) Lavels

LaindB Outdoor Location

Apartment Next to Freeway
3/4 Mile From Touchdown at Major Alrport

"——-

o~

<. DOWNtOWN With Somme Construiction Activity
\ Urban High Density Apartment
~af— Urban Row Housing on Major Avenise
h

Old Urban Residential Afea

i \Wooded Residential

i
o

L

-

Agricultural Crop Land

i
Y RN

Rural Residential

|

Wilderness Ambient

]
wllil
o7

!

Notes:

WPa - Micropascals describe sound pressure levels (force/area).
dBA - A-weighted decibels describe sound pressure on a logarithmic scale referenced to 20 pPa.
Reference: USEPA, Protective Noise Levels. Condensad Version of EPA Levels Document. Publication
EPA-550/9-78-100, November 1978. —
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Table 2 Acoustic Terms and Definitions

Term

Definition
N

Noise

Typically it is unwanted sound. This word adds the subjective response of humans to
the physical phenomenon of sound. The implied use of the term noise is for when
negative effects or responses on people are known 0 occur.

Sound Pressure Level (Lp)

Pressure flucimations in a medium, Sound pressure i3 measured in decibels referenced
to 20 microPascals, the approximate threshokd of human perception to sound at 1000
Hz.

Sound Power Level (Ly)

The total acoustic power of a noise source measured in decibels referenced to 1072
watts. Sound power is independent of the environment. Wind turbine manufacturer
noise specifications are provided in these 1erms as sound power is independent of
environmeni.

A-Weighted Decibel (dBA)

Environmental sound is typically composed of acoustic energy across all frequencies
(Hz). To compensate for the auditory frequency response of the human ear, an A-
weighting flter is commonly used for describing environmental sound levels. Sound
levels that are A-weighted are presented as dBA in this report,

Unweighted Decibiels (dBL)

Unweighted sound levels are referred to as linear. Linear decibels are used to
determine a sound’s tonality and to engineer solutions to reduce or control noise as
techniques are different for low and high frequency noise, Sound levels that are lincar
are presented as dBL in this report,

Leg The equivalent continuous sound level. The notional sound pressure level that would
cause the same sound energy to be received as that due to the actual (fluctuating)
sound over the same total duration.

Ly The dBA level exceedsd N % of the time, for example, Loy, the dBA level exceeded
90% of the time, is commonly used to estimate residual background noise levels.

Lo A 24-hour Ly, except 10 dB is added to all levels measured between the hours of 2200

and 0700 to account for higher sensilivitics to noise during nighttime.

Octave Bands

The audible range of humans spans from 20 to 20,000 Hertz and is typically divided
into the octave band center Frequencies (Hz) from 16 to 16,000 Hz.

Broadband Noise

Noise which covers a wide range of frequencies within the audible spectra, i.e. 200 to
2000 Hz,

Masking

Interference in the perception of one sound by the presence of another sound. At
elevated wind speeds, wind generated noise and leaf rustle will mask wind turbine
sound levels which remain relatively constant.

Frequency (Hz)

The rate of oscillation of a sound, measured in units of Hertz (Hz) or kilohertz (kHz).
One hundred Hz is a rate of one hundred times per second. The frequency of a sound
iz the property perceived a3 pitch: a low-frequency sound (such as a bass note)
oscillates at a relatively slow rate, and a high-frequency sound {such 23 a treble note)
oscillates at a relatively high rate. For comparative purposes, the lowest note on a full
range piano is approximately 32 Hz and middle C is 261 Hez.

Low Frequency Noise

The frequency range of 20 to 200 Hz is typically defined as low frequency noise. At

sufficiently high levels, low frequency noise can canse vibrations in structures and

physiological effects in humans. Low frequency noise is generally associated with

older wind turbines with downwind motor configurations.
——

I

Notgs: Compiled by from multiple technical and enginsering sources
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4.0  OPSB Noise Rule and Requirements

The OPSB, which has jurisdiction over the installation of energy capacity and iransmission
infrastructure in the state, has developed rules applicable to all utility-scale wind energy facilities,
which are codified in the Ohio Administrative Code. A regulatory review completed by Acentech
Ing., did not identify any applicable ordinances or hylaws on the county or local level.

The OPSB §4%06-17-08(A)(2) provides certification requirements for noise that must be
adequately addressed during both project construction and operation. Subsection (A) Health and
safety of Sec. 4906-17-08 Social and ecological data, require the applicant to be address the
following:

s 4906-17-08(A)(2)(a): construction noise levels expected at the nearest property boundary
including:

(i) Dynamiting activities.

(ii) Operation of earth moving equipment.
(iii) Driving of piles.

(iv) Erection of structures,

(v} Truck traffic.
(vi) Installation of equipment.

*  4906-17-08(A)(2)(b): For cach turbine, evaluate and describe the operational noise levels
expected at the property boundary closest to that turbine, under both day and nighttime
conditions. Evaluate and describe the cumulative operational noise levels for the wind
facility at each property boundary for each property adjacent to the project area, under
both day and nighttime operations. The applicant shall use generally accepted computer
modeling software {developed for wind turbine noise measurement) or similar wind
turbine noise methodology, including consideration of broadband, tonal, and low-
frequency noise levels expected at the nearest property boundary during both day and
nighttime conditions

s 4906-17-08(A)2)(c): Indicate the location of any noise-sensitive areas (NSAs) within
one mile of the proposed facility.

o 4906-17-08(A)(2Xd): Describe equipment and procedures to mitigate the effects of noise
emissions from the proposed facility during construction and operation.

The OPSB §4906-17-08(A)(2) does not provide quantitative numerical decibel limits that would
be du‘cctly apphcable to the iject In the absence of decnhel limits that define thresholds relative

undertake the proactwc step to complete a basehne survey to respond to possible future data
requests and interrogatories during the permitting process.
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5.0  Methodology

Following review and careful consideration of the wind turbine array and locations of NSAs, and
direct consultation with Hardin Wind Farm Project Management, Tetra Tech completed a series
of calibrated baseline sound measurements at four discrete NSAs. The baseline sound
mgasurements were made for duration of three weeks, from November 10 to December 1, 2009,
The primary goal of the baseline monitoring program is to collect data at multiple wind speeds
and directions, ranging from calm to wind turbine operating at cut-in through full rotational
speed. Tetra Tech has estimated that approximately 1,500 to 2,000 data points comprise a
statistically sufficient dataset to characterize the existing acoustic environment across the project
site. Extensive experience on many wind facilities in the U.S. and Canada indicates that an
adequate sampling of ambient sound levels at all relevant wind speeds can reasonably be
expected to be obtained during a given two week monitoring period, weather permitting.

5.1 Acoustic Measurement [nstrumentation

All measurements were taken with a Larson Davis 831 real-time sound level analyzer equipped
with a PCB model 377B02 1/2" precision condenser microphone. This instrument has an
operating range of 5 dB to 140 dB, and an overall frequency range of 16 to 20,000 Hz and meets
or exceeds all requirements set forth in the American National Standards Institute (ANSI)
standards for Type | sound level meters for quality and accuracy (precision). Prior to, and
immediately following the measurement session, the sound analyzers were calibrated (no level
adjustment was required} with two ANSI Type 1 calibrators which have an accuracy traceable to
the National Institute of Standards and Technology (NIST). The maximum observed calibration
drift ranged from -0.1 dB to +0.2 dB, which is well within tolerances expected for a long term
baseline sound survey.

The Larsen Davis 831 sound level analyzer is designed for service as a long-terim environmental
sound level data logger measuring the A-weighted sound level. Each sound level analyzer used
was enclosed in a weatherproof case and equipped with a self-contained microphone tripod. The
microphone and windscreen were tripod-mounted at an approximate height of 1.5t0 1.7m (4.9 t0
5.6 ft) above grade away from effects of ground level rustling vegetation and fallen leaves.

When sound measurements are attempied in the presence of elevated wind speeds, extraneous
noise can be self generated across the microphone. Air blowing over a microphone diaphragm
creates a pressure differential and turbulence. All sound level analyzer microphones were
protected from wind-induced self-noise effects by an oversized 180 mm (7} diameter foam
windscreen made of specially prepared open-pored polyurethane. By using this specialized
environmental windscreen, the pressure gradient and turbulence is moved further away from the
microphone, minimizing self-generated noise. Each sound analyzer was programmed to measure
and log broadband A-weighted sound pressure levels in ten and onc-minute time intervals,
including a number of statistical parameters such as the average L., maximum Lp,,, and statistical
Lo, sound levels. Data was collected for 1/] and 1/3 octave band data spanning 6.3 Hz to 20 kHz
and immediately downloaded to 2 computer following the measurement session for the purposes
of storage and further analysis. All instrumentation was laboratory calibrated within the previous
12 month period with calibration documentation provided in the Technical Appendix.
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5.2 Meteorological Measurement Instrumentation

The long-term sound level monitoring stations were deployed on November 10th, 2009 with
measurements and data collection extending through the end of the month of November.
Regional temperature, wind speed/direction, and precipitation data were obtained from the
National Weather Service meteorological station observed in nearby Lima, Ohio. These data
helped confirm that weather conditions were conducive for the collection of accurate monitoring
data with no prolonged precipitation events. Precipitation events were limited to approximately
15% of the total measurement period. Subsequently, sound data collected during these periods of
inclement weather were systematically removed from the dataset.

Onsite meteorological towers measured site-specific wind speed and data logged for the entire
baseline sound survey period. The meteorological towers were installed and are operated by
DNV Global Energy Concepts Inc. (formerly Global Energy Concepts, LLC) to collect, quality
control (QC), validate, summarize, and transmit data for three 60-m meteorological iowers. One
60-m XHD tower, provided by NRG Systems, is identified as Site 4426. Wind Energy Services,
Inc. of Westfield, Indiana, installed the tower on June 11, 2008, under contract with DNV-GEC.
At site 4427, another 60-m XHD tower provided by NRG Systems, was installed by Hardin Wind
Met Central on March 26, 2009. Lastly, at Site 4428 a final 60-m XHD tower provided by NRG
Systems, under contract with Hardin Wind. A detailed summary of meteorological measurement
equipment employed is provided in the Technical Appendix.

53 Monitoring Positions

At the time of the field survey, the number of wind turbines and their locations were not finalized.
Reviewing the distribution of landowners who had optioned to become project participants, the
general extent of the project arca was known. Four monitoring stations were carefully sited to
encompass all major geographical sectors within the project footprint. Long-term unattended
baseline monitoring stations were deployed within 20 to 30 meters (66 to 98 fegt) of a residential
structure with their position secured by fastening the monitoring station to a fencepost or other
stationary object. The measurement sites are representative of various residential homestead
configurations including outbuildings and different types and amounts of vegetation in proximity
to the residential structure. The monitoring positions (MPs) were located far from extraneous
background noisc such as busy highways, rail corridors, and industrial facilities. By comparing
results at the four measurement sites, the objective is to analyze and employ the cumulative data
set to accurately represent the overall acoustic environment across the entire project site,

The project area can be broadly described as rural agricultural and can be further characterized as
consisting mostly of farms on larger tracts of land irregularly interspersed with scattered
residences on smaller parcels. The distribution of residential uses is fairly sparse but there are
several arcas of modestly higher densities. The site topography is essentially flat with some
rolling hills. There are croplands and patches of wooded arcas throughout the site and the
majority of homes and farmsteads have at least a few trees located in proximity to the residential
structure. All properties immediately abut active cropland; however, with the exception of MP 3,
harvesting was completed prior to equipment deployment.

Figures 2 through 9 present photographs of each of the monitoring stations. Aerial orthophotos
show areas of vegetation in green hatching. The location of the monitoring station in the yard is
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shown in red. The figures present photographs of the monitoring station refative to the primary
residential structure and the viewpoint from the monitoring station in the direction of the
proposed project. The four MPs are further identified by address and acoustic measurement serial
numbers below:

Moenitoring Position 1: # 7280 Township Road 120
Alger, OH 45812
Serial No. (8/N): 1708

Monitoring Position 2: # 12074 Township Road 93
Kenton, OH 43326
S/N: 1580

Monitoring Position 3: # 15757 Township Road 95
Kenton, OH 43326
S/N: 1496

Monitoring Position 4: # 13657 Dodds Read (Township Road 130)
Alger, OH 45812
8/N: 1670
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Figure 2 Orthophoto of Monitoring Position 1.
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Figure 3 Photographs of Monitoring Position 1

!
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Photograph in the direction of the primary residential structure. Sound moniforing station
Shown in _foreground secured to a swing set (not in use during test measurements),

Photagraph taken in the direction of the proposed Project.
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Figure 5 Phoicgraphs of Monitoring Position 2
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Photograph taken in the direction of the primary vesidential structure. Sound monitoring
station shown in foreground secured to fence section.

-

Photograph taken in the direction of the proposed Project.
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Photograph taken in the dirvection of the primary vesidential structure. Sound monitoring
station shown in foreground secured to a garden fence.

Photograph taken in the direction of the proposed Project.
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Figure 9 Photographs of Monitering Position 4

Photograph taken in the direction of the primary vesidential siructure. Sound monitoring
station shown in foreground with microphone extending above lamp post used as a support
structure.

Photograph taken in the direction of the proposed Project.
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Photograph taken in the direction of the primary residential structure. Sound monitoring
station shown in foreground with microphone extending above lamp post used as a support
siructure,

Photograph taken in the direction of the proposed Project.

.18 -



[-it] TEFRATECH &C., Baseline Sound Survey
Hardin Wind Farm

6.  Sound Survey Results and Conclusions

The purpose of a baseline sound survey is to determine the regularly occurring average and residual
background sound levels that are consistently present in the project area. To accomplish this several
sound metrics are measured during the long term baseline sound survey, which are then correlated with
wind speed employing a statistical regression analysis.

The site for the Hardin Wind Farm is rural and largely an agriculturally based land use area. The principal
source of anthropogenic and natural noise in the vicinity of the bascline monitoring stations was
intermittent traffic on nearby roadways, wind generated noise during elevated wind conditions, periodic
human activity, farming operations, and natural sounds. The field survey was carried out during the late
fall and early winter season to avoid leaf rusile and insect noise (e.g., cicadas, crickets, etc.) as occurs
during warmer periods, which can contribute to clevated environmental sound levels and negative
correlation effects.

A somewhat unique acoustic characteristic of wind energy facilities, as compared to other types of
commercial, industrial, and farming sound sources, is that wind turbines generate sound limited to time
periods only with sufficiently high wind speeds at hub height to cause the rotor blades to rotate. This
minimal wind speed condition is referred to as the cut-in wind speed. During other time periods when
winds are calm, noise generated by wind energy facilities is minimal, penerally limited to substation
transformers, activity at the Operations and Maintenance building HVAC and support equipment, and
project maintenance. A regression analysis correlating wind speeds to measured sound levels is completed
to avoid invalid comparisons of wind turbine noise with ambient noise. For example, it would be
incorrect to compare the maximum turbine noise level which occurs at elevated wind speeds with the
minimum background noise level during calm wind conditions when a wind turbine would most likely
not be operational and therefore not creating any noise.

This wind speed dependent sound source and background sound relationship is also of importance as
worst case operational conditions in terms of incremental increase relative to ambient typically do not
occur at maximum wind turbine rotational speeds, but at some operational wind speed between cut-in and
maximum rotational. Therefore, when calculating an increase in ambient sound level resulting from
project operations, the ambient sound level relative to wind speed should be considered in an acoustic
modeling analysis to provide the most accurate comparative results. Comparisons of worst case operating
conditions in terms of noise output to lower wind speed or Lo, ambient sound, will likely overstate project
impacts. At wind speeds higher than & m/s (18 mph), background sound levels continue to increase, but
the wind turbine sound emissions will remain relatively constant (or decrease slightly) until the wind
turbing reaches cut-out wind speeds.

Hardin Wind provided wind speed data from the three on-site mefeorological towers (as described in
Section 5.2) and a map showing roughness length values throughout the project area. The roughness
length represents the surface friction imposed on boundary layer winds, in contact with the earth’s
surface, and is dependent on the unevenness of the terrain, the presence of obstacles, and the topography
of the landscape. To accurately characterize the local metecrology, the wind velocity data were scaled up
to hub height using site-specific roughmess length, which was then incorporated into the regression
analysis, Average wind speeds at hub height during the sound survey ranged from near calm to 14.5 mv's
(32.4 mph).
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Several statistical sound levels were measured in consecutive 190 minute intervals over the entire survey.
Of these, the average (L) and residual (Lgo) levels are the most meaningful. Environmental noise is
typically not steady and continuous, but constantly varies over time. The average, or equivalent energy
sound level (L), is the “average” sound level over each measurement interval and is representative of the
typical sound level most likely to be observed at any given moment. Periods commonly used to analyze
Leq sound level measurements and descriptors, including the calculation of Ly, are daytime (07:00 to
22:00) and nighttime (22:00 to 07:00). The measurement data were scgregated into daytime and
nighttime periods to account for diurnal variation. The daytime L, is the 15-hour A-weighted energy
equivalent sound level, denoted as Lp,y and the 9-hour nighttime L., as Luig. Figures 10, 11, 12, 13, and
14 present plots showing the time histories and regression analyses of ambient sound levels during
daytime and nighttime monitoring periods for the four MPs and on a cumulative basis. The wind speed
versus sound pressure level relationship shows that L, sound levels in the project study arca are largely
driven by natural, wind induced sounds.

The Loy statistical sound level is commonly used to conservatively quantify the regularly occurring
background sound levels, The Ly, is the sound level exceeded during 90% of the measurement interval
and has the quality of filtering out short term noise events thereby describing residual background levels
(i.c., it is the quietest 10% of a given measurement period). This consistently present background level
may be used as conservative baseline for evaluating the audibility of a new source. The summary of Lgg
data analyses for the four MPs and cumutatively are provided in Figures 15 through 19,

The 10-minute L., and Ly, sound levels were correlated to wind speed (m/s) at the reference 30 meter
(262 feet) hub height using a regression analysis and the best fit correlation coefficient using a second
order polynomial equation. The scattering and R® coefficient is expected and likely caused by noise
associated with periodic aircraft flyovers, and short-term natural sounds such as wildlife and caitle, in
addition to anthropogenic activity. Short term agricultural activities such as harvesting and the effect of
diurnal wind shear may also act as contributing factors to the scatter seen at the monitoring sites.

The results reveal that L,y sound levels range from a minimum of 32.8 dBA (nighttime) at 4 m/s
representative of the approximate wind turbine cut-in wind speed and increase to 42.5 dBA (daytime) at 8
m/s representative of wind turbine full rotational speed at MP 1, for example. Similar results are shown
for other MPs and using the Lo descriptor, indicating the relative acoustic homogeneity across the project
site, with residences exposed to both similar noise sources and overall background sound levels. The
results of the regression analysis equations and results for all descriptors including L,y and Ly, for the
four MPs are presented in Tables 3, 4, §, and 6. Table 7 presents the regression equation and results for
the project site on a cumulative basis.

The overall findings of the Hardin Wind Farm baseline sound survey are as follows:

® The project site is generally characterized as rural agricultural and existing ambient sound levels
are relatively low, although sound levels may be sporadically elevated in locatized areas.
Overall, sound levels across the entire project site were found to be largely homogenous.

» Using a standard statistical regression data analysis approach, background sound levels, defined
by the Ly descriptor, were found to range from 27.5 dBA during wind turbines operating at cut in
up to 36.8 dBA at wind speeds of sufficient strength for maximum rotational speeds at all

-20-



TETRATECH EC, Baseline Sound Survey
I Hardin Wind Farm

monitoring positions. The energy average L., sound levels ranged from 30.7 dBA to 43.4 dBA
under the same wind conditions.

e For the worst case operational condition in terms of received sound levels, inclusive of both
existing conditions and project wind turbine contributions, the measured baseline sound levels
were lower than estimated values as provided in the Acentech acoustic assessment. This means
that received sound levels at NSAs, as provided in the Acentech acoustic assessment, represent a
conservative set of analysis results when compared to absolute noise thresholds. Therefore, no
additional acoustic analysis is warranted unless substantial changes to the project layout were to
accur.

END OF REPORT TEXT
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Figure 10 Monitoring Station 1 - Summary of Analyses of Measured Lgg Sound Pressure Levels
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Figure 11 Monitoring Station 2 - Summary of Analyses of Measured Lgy Sound Pressure Levels
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Figure 12 Monitoring Station 3 - Summary of Analyses of Measured Lgq Sound Pressure Levels
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Figure 13 Monitoring Position 4 - Summary of Analyses of Measured Lgg Sound Pressure Levels
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Figure 14 Summary of Analyses of Measured Lgg Sound Pressure Levels for All MPs
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Figure 15 Monitoring Statien 1 - Summary of Analyses of Measured Loy Sound Pressure Levels
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Figure 16 Monitoring Station 2 - Summary of Analyses of Measured Lgp Sound Pressure Levels

70 - 20
k18
B0 4
b 16
¢ 50 kg
2
3 m
§ a0 g
, .
§ ' e
@ a0
5 it
a
s
3 »] 1
4
10 4
12
g v r v r r r . . v T T T T . v r 0
M
S G G R S S . B Qe R . B A
Mensoursment
@rﬂnrmu , Wi b
Time History Loy Sound Pressure Levels
70 - | | ! L ey e e - e e O
LS0-Day
52 1 L9O - Mighe
Poly (L0 Digy}
a0
g -Poly (L90- Nigtn)
55
B . b
j u » .
. 50
! . *, o L . #=0! + 020687 +[30.005]
3 P, pe2| ot , ; b . o
- v 4 L S . uel 17 & =g L~
" | o™ ;
For *lpp o D » I ou T A7
gm I » ko 1Y Sl 5 > ol S I ~
v
4 Nty 59,5 fu b, $¢ h
e v!‘n‘ * A
E £ i . ’:"‘bw"‘-‘ ; L " Vi u;}? PTTITE T IT
Pl (e 2 Praefos =08
% :"%'?% Wi | - .
kLY ¥ A Y ) -
“‘E",' vele i >
2 * 0,,:5‘75 2
RE
2 }
a0 3% 40 45 50 55 60 65 YO 75 80 85 00 85 100 WS M0 165 120 125 130 135 MO 145 1540
@Tmmm_ - Wirnd Spovd (sv's} st 28 Mster Mub Heighs

Regression Analysis of Loy Sound Pressure versus Wind Speed

-28 -



TETRATECH EC,

Baseline Sound Survey
Hardin Wind Farm

Figure 17 Monitoring Station 3 - Summary of Analyses of Measured Log Sound Pressure Levels
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Figure 18 Monitoring Station 4 - Summary of Analyses of Measured Ls Sound Pressure Levels

w0 1—«—-—@ S 20
+ 18
6 4
+ 16
E 50 + 14
=
®
3 e g
B 40 =
3 o3
g - &
£ a0 18 -
& ]
E Le
g
b4
1 4
12
0 —_— — —_——— — —— ?
g (\& ,¢$‘.‘ ,‘s.& ,{S@ 45“ ..:\'{s .g\@ ,_-,‘5\ ,.4’ 4\& ,@9 .:fp \\d" ,‘-\'-’ ,\\d. g}* ,Q{’ g\& gs(, ,.‘49 .,\‘9 F & &
@ Measurensm Sinst Baie
TETRATECH -
Time History Loy Sound Pressure Levels
T L s p . W g S R Tk T s I
L99-Oay
85 14 LOG . Hight
POy (L0 D)
Btlf - Pady (1.90-Nige)
i 33 '..NL‘LH%!
s R=gan |
» I > w e e
3 45 B > . y?:’/
4 Mg
S s | ,{,:"; »
Pols o ;
50 e
2 ;
L,:{—g’dj; d v emq:z»n « 30897
g 35 : ] -n
30 2
®
20

30 35 40 45 S0 55 60 65 70 15 a0 85 90 95 10 WS 110 N3 120 125 3¢ 15 WMo WS 150
@HIMTECH ’ Al o y

Regression Analysis af Ly Sound Pressure versus Wind Speed

-30-



TETRATECH EC.
-It Baseline Sound Survey

Hardin Wind Farm
Figure 19 Summary of Analyses of Measured Loy Sound Pressure Levels for All MPs
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Technical References

1. International Electromechanical Commission (IEC) 61400-11:2002(E) Wind
Turbine Generator Systems — Part 11: Acoustic Noise Measurement Techniques,
Second Edition 2002,

2. American Society of Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE), 1989 ASHRAE Handbook—Fundamentals, Atlanta, Georgia, 1989.

3. American National Standards Institute, ANSI S1.4-1983 American National
Standard Specification for Sound Level Meters, (R 2006).

4, USEPA. 1978, Protective Noise Levels. Condensed Version of EPA Levels Document,
Publication EPA-550/9-79-100, November.
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Meteorological Measurement Instrumentation

Location Summary

T C 3
Site Number Jower Type | mstallati j Elevation
4428 MROSO-mXHD| June 1) 2008 | N40°37.000° | WE3*44.180' ) 308 m{1.002M) |
4427 MRG 60-m Xﬁg March 28 NA4D940,130° | W8I 44174 207 m (OT4 R)
4428 NRG 60-m XHD|  May B 2009 N4 202TY | WRI 47807 | 207 m[G74M) |
Sensor Summary - Site 4426
Nominal Bensor | Actual Sensor Sansor Boom
Quantity Hoghtpmi | Weighi(e) | Orisotaion (') | Lsegth il
NRG 340 Anam, 2 58 1 1.
NRG #40 Aneon. 1 50 K] 130 15
NRGE #40 Anem, 1 a0 40 180 15
EG W40 Anem. 1 30 32 180 1.5
[NAG #40 Anem 1 20 20 180 1.9
[NRG #2CIF Vane F] 5, 30 83,473 0 1.5
NRG #1105 Temp 1 3 3 0
Sensor Summary - Site 4427
Mominzl Sensor |Actual Ssmsor Semaor Sonm
Guantity Height (m) | Height (m) Drientation ()} Length (ns)
i % [T) 18,370 24
. 1 50 50 182 22
2 40 40 182, 270 24
MRG #40 Anem. 1 25 23 182 24
NRG $200F Vane 2 56,50 £2.478 ] 34
NRG #1105 T [l 3 3 Q
Sensor Summary - Site 4423
Nominal Sansor  {Actual Sensor Sansor Boowm
Gruaniity Haight (m) Height {m) | Orientation *}* Length {m)
NP3 #40 Anem. 2 Bl 48 182, 26890 24
NRG #40 Anam. 1 50 20 180 24
HRG #40 Anem. R 40 4 199,309 24
NRG % Angm. 1 ?22 3! 182 4
MNRG #200 Vane 2 , . 47. 0 4
HRG #1105 Temp 1 3 3 ]

* An orientation of 180° means the sensor is dus south of ihe tower.
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Acoustic Measurement Instrumentation
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Type 1, 51 250- 2001 Crane 0, 64252-2002

Certificate of Calibration and Conformance
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Dascription Saund | ausl Mgt hFa
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Catbrahen Date 81482000 Casbrabion Due
Caithration Standards Lised:
Mo ik ey Whoddel St ind My Cal he Traweuhiliey Mo.
L D LOSEen i aTenn I8 LA X0 114978
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2 bbb

iavribeped vraciny the staied conddiana mdh My yrement snd

W aihoe f th we-tten approreal of The Madel Shop

Furtnician £d Daulin

1

SR I malH Decainber § 2000

. MO
s H QP

ey

——————
[T

Test Equpment IMRTF} Slandargs fracestie 10 Tre National inettudé of Slerdsids snd Fechnciogy (NETL At of the
Massirement Standa-ds have busn casbrabid (o wwr mamdacarers’ spactian dctuwcy | wrcerdanty  Evidenoe of
latéatuldy ard scorscy 900 die 3t The Modal Shop @ndor Lo Dovs Corporaie Haatquarters.  An accaptabls
0oy L0 heteedr . Siarcenck ) and the ¢8m GGG hat DaRr mEnisnsn T DErumb et o
“xiemin tha ranybciurer's pubENE0 spacACabon uiese roted

"oes rkralor (omBios wdh IR0 370248 pnd ANSE 2340 The colkecinen unoerimnty of the Maat Ginent Stendard
13med s ot et T3 of the ADEOCIDN Ve for sarh CRAFSIRNSEE CoMDdte Lricss Ofherwiss i

Ttu tewdts decumenied £ tus carificata seise oy o the Aemis) calbealsd or besed  Calbation et
ARNGNME vk ddpslirard sy the reaporEksity of tha und wper  Thee cortticale may nal ba reprodueeg, ssce 1

Synature
1] L]
DAL

1
o,
g T

P M0t Shop 10
1180 F ael Mpmper Soadd
Cincenah OH 45241
Phone (513) 351 DA19
{1001 B0 4557

W DG rr Page 14l

- 45 -



T =TT Baseline Sound Survey

Hardin Wind Farm

RN s v g

Moo | W .
Larson Oge_ | LDSugGnz2% | 0760/0108_ | 12Morts. | 162090 | 2000173 |

o IR EDHE TTRLY Qi [Ty ) Page 10l |

Certificate of Calibration and Conformance
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Certificate of Calibration and Conformance

Thes documant cerfthes ihat tha insirument referenoad below mesls pebished specificalons pr
Procedrs PRE-FZE] ANSI 314-1583 (R 2008) Type 1 514A-196% 51431997 Type 1, &1 11-
2004 Oclave Band Class 0, 59 25-1991: IEC B1672-2002 Claes 1 50651-2001 Type 1. 60804-2000
Type 1. 61260-2001 Clash 0 61252-2002.
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Hardin Wind Farm, Hardin County, Ohio December 2009




