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I. INTRODUCTION

The Georgia ilIountain Commuairy !ü'iod Proiect is a proposal to construct and operate up to five

wind tr¡rbines or¡ rhe bo¡der of Milton and Georgia, \¡ennor:t. Resou¡ce Systems Group, Inc. was

retained to cooducr a noise irr.Fact analysis of the proiect. The study assessed the effects of wind

turbines on souod levels in the surrounding a¡ea. This feport includes:

¡ À site description

¡ À noise primer

¡ À discussion of noise standards and the stand¿¡d recommended for use i¡ this case

e Background sound level mooitoriog results

¡ A discussi,on of noise issues specific to t¡¡ind rurbines

o Computer noise propagation modeling results for the proposed turbines

o Recomrnendations

r Summa¡y and conclusions

2. SITE DESCRIPTION

The proposed tubines would be installed on Georgia Mountain located near Milton, \'ermont.

Frgure 1 shows the location of Frve turbines and the 51¡1¡6s¡ding atea. Ålso sho'rvn 
"r. 

tit.t where.

sound monitoring stations were placed. Tliese will be desc¡ibed i¡ Section 5 of this report'
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3. A ilOlsË PRIilFR

3.1. ruHATlS tlol3E?

Nofuç n dsñßd ¡s "r round of âûy kiñ{ especially when lm¡d, confu¡e4 indirthcq or

diragrecabk."l Pasring vchklet, â noiüy refrig€rator, ot an úr ccàditioaiqg systÊm â¡c sor¡¡ces of

noire rhich mry bc bo¡henonrc or crü$e 
^nîúyâÍcc. 

Tlx¡c ¡cnrad s úc a yar¡ of gencralþ accepted

¡rcfydây life, and cen be meanrred, modekd, aod, if necesrâfy, ccrntfolhd.

3.2. HOVY 18 EOUND DESCRIBED?

So1¡¡d ir c¡r¡ccd þ variations in air prcrsurc 
^t ^ 

râttgl of freguencies. Scn¡¡¡d levcls that are

dcrccøble by human heîring a¡c deñned in the decibel (dB) scab, ç¡th 0 dB beiog the tb¡erhold of

| "Thc¡rrc¡kz¡ tlcriugr Dqionary of the Engli{h lÆt$nSq" tlo$*>ttMiÍftmConryarry,1Ð1.



Georgia Mountaln.Cornmunily Wind - No¡se lmpacl Sludy

26 February 2009

Resoulce Systenrs Group, lnc.

pags 3

iruman ireanng, and 135 dB causrng pain and permanett damage to tlìe ear. Figure 2 shov's the

sou¡d levels of typical activities that generate noise.

In addiúon, the decibel scâle cân be u'eighted to mimic the huma¡ petception of cenai¡ frequencies.

The most common of these rveighting scales is the ",\" weighting and this scale is used most

frequentþ ia e*-i¡onmental ¡oise analysis. Sound levels that a¡e u/eighted by the "-4" scale have units

of dBÅ or dB(À)

To accouot for changes over tirne, a weþhted a\¡eiage sound level called the "equivaleot'' sound level

(L.q) ir often used. L* averages sor¡nd pressure ¡atlet tha¡ decibels, and results in weighting loud

and infrequent noises more heavily than quieter and mo¡e ftequent noises. For example, a train

passing by for one minute out of an hour could produce sound levels arour¡d 90 dB,\ while passing

bp but the equivalent sou¡d level fo¡ the entire hou¡ would be 72 dBÅ. L* is also often used in

envi¡oorneotal noise anaþais. The day-night sound level p¿J is also commonlyused by the U:S.

Environrnental Protecdon,\gency (IJ.S. EPÀ) in referencing community aoise. The L¿., is slnply a

ti:ne-weþhted average, simila¡ to L.r, except that the nighttime sound levels are weþbted by +10 dB.

3.3. WHAT IS THE DIFFERENCE BETWEEN SOUND PRESSURE LEVELS AND SOUND POWER LEVELS?

Both souod power and sound pressure ler"els a¡e desc¡ibed in terrns of decibels, but they a¡e not the

sarne. Sound power is a meãsure of the acoustic porver emitted or radiated by a source. The sound

porx/er level of a soì¡rce does not change u¡ith its surtoundiog conditions.

Sound presslue level is obse¡ved at a speciÂc location and is related to the diffe¡ence in air pressure

above or below aunosphedc pÍessure. This fluctuation in ai¡ pressure is a result of the sound power

of a soqrce, the distznce at which the sound pressute level is þqing observed, and the cha¡acteristics

of the path and envi¡onment âround.the soruce aod receiver, When one refe¡s to sound leveì, thel'

ate generally speaking of the perceived lev4 or sound pressure level.

For example, a coffee grinder rvill have the same sound porver whethe¡ or not it is gdnding indoo¡s

or outdoors. The amouot of sound the coffee grinder generates is alrrays the same. However, if you

are standing six feet away from the coffee grinder indoors, you would expedence a hþher sound

pressure level than you would if you were six feet away frorn the coffee grinder outdoors in an open

field. The reason for this is tl¡at the sound being emitted from the coffee grinder would bou¡ce off
walls and other surfaces itdoors rvhich rvould cause sound to buld up and raise the sound pressure

level.

*
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Sound por,ver cannot be cürectly meâsured. l{orvever, since sound p¡essure and sound porve¡ are

related, sound power câr¡ be calculated b1' rneasu¡ements of souod pressure ancl souod intensiw. lt
can be helpfrri to llote that over soft ground outside, the sound pressure level of a small soruce

observed 50 feet arvay is roughly 33 dB loli/ff than its souod power levei.

3.4. HOW IS SOUND MODELED?

The decibel sourd level is on a loganthrnic scale. One manifestation of this is that soundporaer

i¡creases by a factor of 10 for every 10 dB increase. However, for every 10 dB increase,we percciae an

approximate doubLag of loudness. Smali changes i¡ sound ievel, belorv 3 dB, arc generally not

perceptible.

For a point source, sound level dimrnishes or attenuâtes by 6 dB for everv doubling of distance due

to geometrical divergence. For example, if an idüng t¡uck is measured at 50 feet as 66 dBÀ, at 100

feet it ç-ill be hea¡d as ó0 dB-À, arl'd at 200 feet, 54 dBÀ. Àlong a road, sound is gererated as a line

source. Li¡e sou¡ces atteûuate thei¡ sound at 3 dB to 4.5 dB per doubling distance, depending on the

sound reflectivity of the ground.

Other facrors, such âs inrervering vegetaúon, walls, berms, buildings, and atrnospheric absorption

will also further reduce the sor¡nd level reaching the üstener. In each of these, hþher frequencies will

attenuate faster than lower frequencies. Finally, the ground can also have an impact on sound levels.

Harde¡ ground generally irc¡eases and softe¡ ground generall¡' decreases the sound level at a receiver.

Reflections off of buildings and walls cao increase b¡oadband sound levels by as much as 3 dB.

If we add two equâi soruces together, the resultirrg sound level rvill be 3 dB hþher. For example, if
one machi¡re registers 86 dBÅ at 50 feet, trvo machi¡¡es would register 3 dB more, o¡ 89 dB,\ at that

distance. In a similar rnânneÍ, at a distance of 50 feet, four machines, all operaling at the same place

a¡d time, would register 92 dB-\ and eight machines rvould register 95 dB,\. If the two sources differ

, in sound level then 0-3 dB will be added to the Lugher level as shown in Table 1.

4. NOISE STANDARDS

4.1. LOCAL AND STATE STANDARDS

There are oo quantitaúve noise standards in the Torvn of IVlilton. In the Torvn of Georgia's zonìng

regulations, Secúoa 5û90 requi,res the followi;rg:

..5C'90 PERFONÀ,L{N CE ST,{NDÀRDS

ã

Addlf Two Sources Difter By

0-'t dB 3dB

2dB2-4dB

1d8s9dB
>9 dB 0dB
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The following performance standâ¡ds m1¡st be met in all zoûing dist¡icts for ali uses

except residential and a¡gicultural uses. The applicant or operâ¡or may be required to

ñ¡¡nish engineering or testing results to prove chal the proposed use v-ill nrect, or, il the

câse of an operating business, is rnee ting and will continue to meet, the períormance

staûdârds. The Àdminisuarìve Officer, Planning Commission, o¡ Board of Ådjustment

rnay determine whether the proposed use or present operâtion meets these standards.

The use rnust not:

5090.1 Emit noise in excess of 70 decibels ât the p¡operrv line o¡ a noise which is

conside¡ed offensive. "

The¡e are no stâte stâtutes or regulations that establish quanútative noise standa¡ds that v'ould apply

to this project.

4.2. WORLD HEALTH ORGAT{IZATION

The United Narioa's !üorid Health Or¡pnization (!(+fO) has published "Guidelines for Cornmunirl'

Noise" (1999) whiclr uses the most cur¡ent ¡esea¡ch on the health irnpacts of noise to develop

guideline sound levels for commuaities. The forward of the report states, "The scope of $ØHO's

effort to detive guidelines for communirv noise is ¡o consolidate actual scienti.fic knowiedge on the

health impacrs of commuaity noise and to prolide guidance to environmentai health authorities and

professionals trying to protect people from the harmful effects of noise in non-industriai

envi¡onments."

The S(iHO guidelines suggest a daytime and nþhttime protective noise level. During the da;', the

levels are 55 dBÅ Leqlrc¡, tåat is, 
^n 

aveÍalge over a 1ó-hou¡ day, to protect against serious annoyânce

and 50 dB,\ Leqlro¡ to protect âgainst mode¡ate annoyânce-

Druing the night, the WHO re€ommeûds limits of 45 dBÀ Leqqr¡ and an instantaneous maximum of
ó0 dBÀ L\&nar (fast response maximum). These a¡e to be measured outside the bedroom vindow.

These guidelines ¿¡e based on the assumption that sound levels indoo¡s rvould be ¡educed by 15 dBå
with windows open. That is, sound level inside the bed¡oo¡n that is protective of sleep is 30 dBÅ

Leqqo¡. So long as the sound levels outside of the house rernain at or below 45 dBÀ, sou¡d levels in

the bedroom will remain below 30 dBÅ. Given the clirnate in this region, this is essentially 
^

suu,¡mertime staridâld, since ¡esidents are less likely to have tlei¡ windows open duriag othe¡ times

of the year. By closing windows, an additional - 10 dB of sound attenuation will result.

Table 4.1 of the WFIO's "Guidelines for Community Noise" (1999) provides guideline values for

cornmunity noise in specific envi¡onments. This table is provided in Àppendir Å.

¡I.3. FEDERAL STANDARDS AND GUIDELINES

The¡e are no federal standards that apply to w'ind tu¡bines on private land. Many fede¡al agencies

have adopted guidelines anel standards that apply tt¡ other $pes of proiects. ,{ sumrnary of some of
these standards is shorvn in Table 2. Note that these standa¡ds are in terms of Leq, Ldn, ot L10. The

#
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Leq is the pressure weigirted average souncl level, over a specilìed period of dme. The Ldn is tl¡e À-
weighted day-night Leq, rvhere a penal¡. of 10 dB is appired to nighttime sound. 'fhe i,l0 is the 10d'

percentile sound level. lt is the leveÌ that is excee ded 100;'o c¡f the time, a¡d thus represents the higher

sound levels ovet a period of time.

Table 2: Summary oî Fedelra,t Guldeltnes and Standards îor ExterÍor Noise

The United States Departrnent of the Interior, Bu¡eau of Land lVlanagement @Ll\Ð has developed a

Programmatic Envi¡onmental Impact Statement @EIS) for !üind Energy Development on RLI'I
Lands in the !üestern United States. Noise is add¡essed in severai sections of the PEIS. Several

¡elevant points made in the PEIS are listed below:

r From Section 4.5.7: "a¡ maay wind eriergy proiect sites on Bl}'I-administered lands, large

fluctuations in b¡oadband ¡roi-se ate commofl, and even a 10-dB inc¡ease would be unlikely

to cause an adve¡se. communiry response. In addition, noise containing discrete tones (tonal

noise) is much mo¡e noticeable and more annoy'ngat the same relative ioudness level th¿n

other rypes ofnoise, because it stønds out agâinst background noise."

Environmental Protection Agency Guideline to protect public health

and welfare wilh an adequate

margin of safety

55 dB Ldn

Bureau of Land Management

(BLM)

Guidelines lor the development of

wind turbines on federal lands

manac¡ed bv BLM

Refers to the EPA 55 dB Ldn

guideline.

Federal Energy Regulatory

Commission (FERC)

Compressor facilities under FERC

iurisdiction

55 dB Ldn

Federally funded highway projects.

For "Lands on which serenity ånd

quiêt are ol extraordinary

signilicance and serve an importanl

publíc need and where the

preservat¡on of those qualities is

essential if the area is to continue

to serve its intended ourpose."

For "picnic areas, recreation areas,

playgrounds, active sports areas,

parks, residences, hotels, motels,

schools, libraries, churches, and

hosoitafs."

Federal Highway Administration

(FHWA)

57 dBA Leq or 60 dBA 110 during

the peak hour of trafiic. Ëither

standard can be used, but not both.

67 dBA Leq or 70 dBA 110

Federal lnteragenry Task Force This TaskTorce is sel up to develop

consístency ol noise standärds

amonc federal aclencies

55 to 65 dB Ldn for impacts on

residential areas

ffi
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From Section 1.5.2: "In general, background noise levels (i.e., noise f¡c¡m all soruces nor

associated with a rvind enersv facilin) are highe.r during the day than ât night. For a 4pical
ru¡al envi¡onment, background noise is expected to be approximately 40 dB(,\) during the

day and 30 dBt\) at aight ftIarris 1979), or about 35 dB(,|) as DNL (r\lilier 2002))'

F¡om Section 4.5.4: "The EP,\ guideline recommends a¡ ldn of 55 dB(Å) to prorec rhe

public from the effect of btoadband envi¡oomeÍ¡al noise io rypically t¡uiet outdoor and

residentiai areas @,P,\ 1974). This level is not a regulatorv goal but is 'iotcntionaily
conservative to ptotect the most sensitive ponion of the .l¡nerican population'with 'an

addirional margþ of safery.' For protection against heaÅng loss in the general population
from nonimpulsive noise, the EP,\ gurdeline recomtnends aa Leq of 70 dB(,\) or less over a

40-yeæ period."

F¡om Sectioo 5,5.3.1: "aerodynamic noise is the dominant soluce f¡om modera wind
tnrbiaes fégeant 1999)."

From Section 5.5.3.1: "Considering geomet¡ìc spreading only, this ¡esults in a sound p¡essure

level of 58 to 62 dB(Å) at a distance of 50 m (164 fÐ f¡om the turbine, which is about the

same level âs conversational speech at a 1 m (3 ft) distance. ,{t a receptor approximately

2,0A0 ft (600 m) away, the equivalent sound pressure level would be 36 to 40 dB(,{) when

the wind is blowiag f¡om the turbine toward the receptor. This level is t1'pical of background
levçls of a rural enviro¡rment (Section 4.5.2).To estimate combined noise levels from
multiple turbines, the sound pressure level from each rubine should be estimated and

summed. Differer¡t arrangements of multiple wind turbises (".g., ir a line along a ridge
ve¡sus i:n clusters) ivould result in different noise levels; horvever, the ¡esult¿nt noise ievels

would not varyby mo¡e than 10 dB."

F¡om Section 5.5.3.1: "In general, the effects of v¡rnd speed on noise propagation would
generaliy dominate over those of temperature gtadient."

From Secúo¡ 5.5.3.1:'Vind-genetated ¡oise would i¡c¡ease by about 2.5 dB(Â) per each 3

ft/ s (1 ø/ s) wind speed ìncrease ftIau 2000); the noise level of a wind tu¡bi¡e, horffever,

would increase only by about 1 dB(Ð per 3 ft/s (1 m/Ð. In gerieral, if the background noise

level exceecls the calculated noise level of a rvi¡d tu¡biae by about 6 dB(Å), the larter no

longer contributes to a perceptible increase of noise. Ät wiad speed of about 33 ft/s (10

m/s), wind-generated noise is higher rhan aercdyaamic noise. In addition, it is difficult to

meâsr¡re sound f¡om mode¡n wind ru¡bines above a wind speed of 2ó ft/s (8 m/s) because

the background vriad-generated noise masks the wind t¡¡¡biñi noise at thât speed P\ITÅ
2A03)."

From Sectio¡ 6.4.1.6:'TJoise generated by turbines, substations, t¡ansrnission lines, ancl

maiote¡rance activities during the operatiooal phase would approach typical bacþround
levels fo¡ ¡u¡al areas at distanees of 2,00t ft (600 m) or less and, rherefote, would nor be

expected to result i¡ cumulative irnpacts to local residerts."

a

a

a

a

Æ
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Tlìese statements from the BLN{'s Wird Energy- Development PEIS do not rePteserìt a regulatory

srandard itself, but they do provide some insight on horv one federal âgency is approachin€l noise

generaced fiom r,virrd rurbine profects. This project is desþed to be consistent with these guideLnes

4.4. NATIONAL ACADEMY OF SCIENCÉS STUDì

Last year, the National Research Counci,l of the National ,\cademy of Sciences issued a report

"Environmental hnpacts of \X/ind-Ênerg1 Projects." This report summarized the state of
understanding of wind e¡ergy proiects with respect to its ecologicai and human impacts, the laner of
u'hich includes noise.

With respect to noise, the report conciudes,

"Noise produced by wind rurbines generally is not a mâior concern fo¡ humans beyood a

half mile or so because various meâsures to reduce noise have been implemented in the

desþ of modem rwbine s. The mechanical sound emanat-ing from rotating machinery can

be cont¡olled bJ- sound-isolating techniques. Fu¡thennore, djfferent tlpes of wind tu¡bines

have diffe¡ent noise cha¡acteristics. '\s mentioned earl-ier, mode¡n upwind tu¡bines are less

qoisy than dowàwind tu¡bines. \'ari.able-speed turbi¡es (where rotor speeds are lorve¡ at low

wind speeds) create less noise at lorver r,vind speeds when ambient noise is aiso lorv,

cornpared with consta¡t-speed turbi{res. Direct-drive tnachioes, which have no gearbox or

high speed mechanical comPo¡ertts, a¡e much quietet."

The Georgia ùIountain Commuairy Wind project is proposing to use variable speed upwind turbines.

The gearbox and oihe¡ mechanical components i¡ciude noise isolatioa to reduce impacts.

4.5. PUBLIC SERVICE BOARD PRECEDENTS

The only maior precedent established by the Public Service Boa¡d is the Certificate of Public Good

for the Sheffield llind Proiect @ocket No. 7156). The noise standard for this project reads,

8. UPC shali constnrct and operate the Proiect so that it emits no ptominent discrete tones

pursuant to ÀNSI standards ât the receptor locations, and indoor sound levels at any existing

King George School stn¡ctures used for residential or instruction purposes and any existing

surrounding ¡esidences do not exceed 30 dBÀ(Leq)(1)'

4,6. NOISE THRESHOLD GOALS FOR THE GEORGIA MOUNTAIN COMMUNITYWND PROJECT

The EPÀ Guidelines, the BLI{ PEIS, and the \T{lO Guidel¡nes each provide relevant noise criteria

for a project of this type. Given the scientific evidence regarding sleep disturbance and othe¡

impacrs that was revierved by WHO, we propose that the project should meet a standa¡d of 45 dBÀ

ä
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Leg (nþhr)l averaged oyer th€ entire aight outside the ¡esidence. This would úot ap'ply to areas rhar

have t¡ansient uses such âs driversays, trails, farm fields, and parking arear. Thir staoda¡d is more
süforgeût tha¡ all of the federal ¡ta¡da¡ds mentiooed abovc and win be well bclo,ç' the levcl rhat caa

cause hearbg impairment. This aoise limit is both pcorective of hur¡an health a¡d prevents ar¡y

qualitv-of-life conceÍ¡ s.

5. EXISTING NOISE ENV¡RONMENT

Sound levels u¡e¡e monito¡ed ove¡ a fou¡-dav perio'd to determL¡e bacþound sormd levels in the

area- Ìl{onitoring started on October 18, 20O8 at t}¡¡ee sites chqsen lo represeot different ¡esidential

areas arourd thc proiect. The th¡ee mooitors a¡e labeled Noíh, lVæ|, alld Soalb enú are ¡hoq¡o io
Frgure 1.

All sites were rnonitored with ,\NSI Type I integrati.g sound level ¡r¡e¡ßrs set to log sound levels

every second. Each sound level meter u¡as calibrated before and afte¡ rr¡€âriuemeots and ñtted with a

vfordsc¡ee¡. Wind¡creeas ate used because they teduce the self-r¡oise created þ wind passing over
the meter'g microphone. Each micro,phone was placed betwecn approximateþ 1 aod 1.5 meters

abor¡e the ground. In each case, the ground was conside¡ed "soff', that is, it rras suitable fo¡ the

grovth of veçtation.

Â location descrþtion of each monitoring site is provided below. Tbe l¡e¡moot Starc Plane

coordinates of each site a¡e shown in Table 3 with approxima¡e distaaces &om tlre propo¡ed trubine
locationc. Å summary of the daFime and nighnime sowld levels is provided in Table 4.

1) Thc Nonh ilIonitor was located at the !(/imble Brothe¡s Fa¡m at 1495 GeorþIVfountaio
Roed. Itwas placed approximateþ 110 fee¡ north of Georgh Mou¡t"i' ñoad. This location

was chosen to represcût the north section of the proþct area along Georgia Mounøin Road.

The couod monitoring ¡esults a¡e shown b Figurc 3. The dø¡liønt rources of bacþound
rois€ ¡n drir ¡¡ea are trâf6c on Gcorgia lrfour¡trin Rsid ând f"t 

Tg 
adieit¡Ês.

4 Tbe Wc¡t Moaitor r¡ai locâted on the Ha-isoo plopcrty þt ¡otdr of Showell Road. It u'as

phced approrimateJy 100 fect east of No¡th Road. Thir locatlnw¡r chorea to represent the

lr€rtsm sectioa of"the proiect area along No¡th Road. The soUd monitotiqg results are

shov¡ in Figue 4. The dominant sources of bacþound aofuc io this area a¡e traffic on
North Road and mechanical noise fton¡ the Husty facility aearþ.

3) Tbe South Moaitor w¿s l¡¡cated or the Ha¡riror¡ property iust wert of Ted Road. It was

placed approximately 185 feet no¡th of llestfo¡d Road. Thb bcatioo was chorsr to
reptesent the southers section of the proiect area aloog Wesrford Road. The sound

monitoring results a¡e shown in Figure 5. The dorninant sor¡rces of bacþound noise i:n this

a¡ea a¡e uafûc on Westford Road and Ted Road.

I 'fbe lleç disturbanct stmdatl u*cd hcre is trased oa a wirckrwro¡*n cooditir¡n Dwirg tbc seasoos qbrn g,iodrrws ¡rc

gencrdly closcrl, the s¡îrtdard is 1 0 dB highcr, to accoÈrt fot the addititxnl attcnûiúoõ rrf clxed c'i¡drrs¡.
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6. SOUND LEVELS PRODUCED BY WIND TURBINES

6.I. STANOARDS USED TO IIEASURE YvlND TURBINE SOUND

À manufacrurer of a wind rurbine ¡nûst test and report its turbi¡es' noise emissions using nvo

inte¡national standards:

1) International F,iect¡otechnicai Commission standard IEC ói400-11:2002(E), "]X/ind

Trrbine Gene¡ato¡ St'stems - Pan i 1: ,\coustic Noise À'Ieasurement Techniques"

Z) lntemational Elect¡otechnical Commission standard IEC ó1400-14:2005@'),'qügind

Tr¡¡bine Geqerator Systems -Pa* 14: Declaration of .Àpparent Sound Porver Level and

Tonality Values"

These standards give the sound power emissioo levels from a tutbine, by wind speed and frequeno'

6.2. SOUND LEVELS USED IN IIODELING

F-o¡ the purposes of rnodeling, we used a typical rvind rurbine represerrted by GE 1.5 InV v¡ùid

rurbine. GE provided a meân ¡efe¡ence sound power level of 104+2 dBÀ' The modeling âssumes a

turbi¡e hub heþht of 80 meters and a maximum sou¡d power level of 106 dBÀ.

Note that the sovnd power ntingof a wind rurbi¡e is not the same âs the soundpæ ¡¡are levels refer¡ed

to earlier in this report. 'Ihe sound p wer of a source ìs the total acoustical energv generated by a

souÍce . The soundpnrrvn level of a source is the pressure measu¡ed by a sound level mete¡. By way

of analogy,a light bulb's energy use, i.e., power, is measu¡ed in STatts, while the perceived level of

tight is measgred ir¡ lumens. Sound po',ver is analogous to the bulb energy use rvhile sound pressure is

analogous to lumens in this example. Both power and pressure levels are reported in decibels, so they

a¡e often confused. See Section 3.1 for more i¡formation on sound powet.

7. SOUND FROM WIND TURB¡NES - SPECIAL ISSUES

Wiod rurbines are special sound generators in that thei¡ soufrd emissions ate often masked by noise

f¡om the wind moving through üees ând other vegetation, and their sound level is highly dependent

ár, -.t.orological conditions. In addition,wind turbi¡es ger¡erate lower frequency sound which

t€nds to plopagâte better than hþher frequency sound. These aspects a¡e discussed belov.

7.1. METEOROLOGY

trIeteorological conditions cac signi{icantly affect sound propagation' The trvo most important

conditions to consider arewind shea¡ and temperâture lapse. !íind shea¡ is the difference in wind

speeds by elevation and ternperatrure lâpse râte is the temperantre gtadient by elevation. In condìtions

with high wind shear (arge gradient), sound leveÌs uprvind from the source tend fo decrease and

sound ievels down,.vi¡d teod to iacrease. !üith tempe¡ature lapse, rvhen grouod su¡face temperaRües

are higher thap that aloft, sound levels o¡ the grouod will decrease. The opposite is ütre wheñ

ground temperarufes are lo'uve¡ tha¡ those aloft (ao i¡¡ve¡sion condition)'

N
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Às a substifute fo¡ rhese condirions, we often use "stabilitv class". S¡abilit! clâsses range from Å to

G, rvhere -\ is a highty unstâbie condition (hþh solar ¡adiation and high winds) and G is veri stabie

(clear night, no wind, strong temperâture inversion).

In general rerms, sound tends to propagate best uade¡ stable coodirions with ¡ strorìg inversion. This

occurs duriag the night and is cha¡acteiized by lorv winds.l Ir¡ those situations, sotmd levels from

wind nubines ryould be at tlei¡ lowest. \rülnd speeds under verl' srable conditions (Stability Class G)

are generally too low ro generâte electriciry and thus the wind ru¡bi¡es would produce little o¡ no

noise. -\s a result, worst-case conditions for w¡nd ru¡bines tend to be under moderate nþhttirne

inversions. ,\n anal)rsis of rvind rurbine noise unde¡ stable co¡dirions is provided late¡i¡ this report.

7.2. I|ASKING

Às mentroned above, souad levels f¡om sr¡ind tLubiaes are a ñ¡nction of n¡ind speed. Background

sound is also a function of wind speed, i.e., the suonger the winds, the loudet the resulting

background sound. In a¡eas that are covered by uees and bushes, such as is found in this region, the

effect is ampliñed. Combi¡ed with the fact that the frequency spectrirr¡ from wind is very similar to

the frequenry spectra f¡om a wind ru¡bine, the sound ftom a wi¡d turbine can be masked by wind

noise at dowovind receivets.

It is irnportant ro point out that q¡hile winds may be blowing at the tu¡bi¡e hub, there rnay þ. litde or

r¡o wj¡d at downwi¡d receivers. This is due to the fact that wi¡ds a¡e lighter closer to the ground. Àt

the point at u¡hich rvinds a¡e blorving with relatively low speeds at the hub, but ¡ot on the ground,

the wind ru¡bines would be most audible. The rubines would bc operating at low to medium speeds

aod will have proportionallv lorver sound ernissions'

7.3. INFRASOUND AND LOW FREQUENCY gOUND

Iof¡asound is sound pres$ure fluctuations at frequencies below about 2Ù Hz. Sousd belox' this

frequency is generally nor audible. Low frequency sound is i¡ the audible rarge of human heating"

thar is, above 20 Hz, but below 100 to 200 Hz depeoding on the definition,

Àt very hþh sound levels, infrasound can cause health effects arrd ratde light-weight building

partiúons. However, moder¡ wind mrbures, with tbe hub upwind of the torver, do oot create this

level of inftasound.

Low fréquency sound is generated by wind rurbines. As with i¡frasound, high tevels of low frequency

soürd - above 65 to 70 dB 
^t 

37.5 Hz, fot example - can rattle light weight partiúorrs in buildings. In

additioo, low frequency sound that is rvell above background souod levels at hþher volumes can be

more annoying than higher frequency sounds.

I'fhe 
"mor-r 

<sf pttry>agation is higbly dependent o¡ su¡fece cc¡¡ditio¡s arrd the frci¡ucncy of the soufld. U¡der sr¡me

ci¡cu¡nstanccs highly stablc contlidotrs catr sltow luwcr scrurt<ì levels.

N
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Lol, freguency sound is primarili'generated by the generator ancl mechanical components. Through

improved sound insulation at the hub, much of the mechanical noìse has been ¡educed i¡ modern

rvi¡d rurbines. Lorv frequency sound can also be çnerated at hþher wind speeds v¡hen the i¡{lou¡ ai¡

is ve11, rurbulent. However, ât these rvind speeds, low frequencY sound from the wind turbine blades

is often masked bv wind noise at the dorvnwind ¡eceive¡s.

Finally, lorv frequency sound p¡opagates better than higher frequency sound and tends to diffract

more in the atmosphere under inve¡sion conditions. Ou¡ modeling takes into account nþhttime

inversions a¡d the differential atnrospheric absorption of lorv a¡d hþh frequency sound.

8. SOUND MODELING

8.1. MODELING SOFTWARE

tlodeling wâs completed for the project using Cadna ,\ acoustical modeling software' Nlade by

Datakustik GmbH, Cadna .\ is an i¡ternationâlly accepted acoustical model used by rnanv other

nóise control professionais in ti¡e United States and abroad. The software has a high level of
reliabiliry and follows methods specifìed by the Internationai Standa¡ds Organizationin their iSC)

9613-2 standard, 'i\coustics -,\ttenuation of sor¡nd during propagation outdoors, Part 2: General

ÀIethod of Calculation." The standard states,

"This part of ISO 9ó13 specifies an engineering method for calcuiati¡g the attenuation of sound

dunng propagation ourdoors in order to predict the levels of environmentai noise at a distance

ftom avariety of sou¡ces. The method predicts the equivalent continuous Å-wei.ghted sound

pressure level .:. under r¡eteorological co¡ditions favo¡able to propagation from sources of

k¡own sound emissions. These condiúons are for downrvind propagation ... propagation under

a rvell-deveioped moderate ground-based tempe¡ature inversion, such as commonly occufs ât

night."

The model takes into accourit sowce sound po',ver levels, surface reflection and absotption,

atrnospheric absorptioo, geometric divetgence, meteorolofical conditions, walls, barriers, berms, and

te¡rain.

\üühile standard modeling methodology takes into âccount moderate nrghrtime inversions and

moderare rvind speeds, there may be meteorological conditions that tesult i¡ highet levels of sound

from the tubines. In patticular, much higher wind speeds cãn account for. gteatet downwind

propagation. Ådjustments ca¡ be made to take into acbount the more exfterrre condiúons. For this

srudy, we modeled the sound prcpagattonin accordaoce with ISO 9613-2 with spectral gound

attenuation and no ground absorption which has been found to yield the most accurâte yet

conservative results using staodârd modeling parameters.1

1 Dur,.arr, f ì., and Kaìisk! K., "lm¡roving Souncl l'ropagation illotleling for \!'in<l Powcr Projects," i!coustics'08, 2008, pors,

Fmcc.

N
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À 10 mete¡ b,rr 10 mete¡ grid of modeled receive¡s rvas set uP covering 36 sguare miles around the

site. Tlris accounrs fot a total of about 950,000 modeled receil'ers. ,\ ¡eceive¡ is a point above the

ground at which the compurer n:odel calculates a sound level" In addition, discrete receivers rve¡e

placed at 474 resiclential homes. The closest ho¡nes are approximately 1,130 meters (3,700 feet) awai;

from rhe neârest turbine, rvhich is n'ell be,vond the 2,000 feet se¡back recommended by the BLI{ and

discussed i¡ Section .1.3 of this report. Details of the modeling input assumptions are sho¡ü/n in

Åppendir B.

S.2. HODELIT{G RESULTS

Âs descdbed above, we modeled the proposed wind turbines using thei¡ maximum tated sound

power level.l

Table 5 shows the sound power of the GE 1.5 Nl'ùf rurbine that was used in the rnodeling vith 1/1

octave band center frequencies represented.

Sound Pwver

The results of the modeling are shown in Figute 6. The 6gure shorvs many discrete modeled

receirers âs oraflge circles. The green crosses in the fligure a¡e the proposed wind tubine locatirxs.

Noise isolines are color coded confo¡¡ring to the modeled sound levels ftom the wind tu¡bines,

vhere blue is the highest sound levels and lþht greeri is the lowest- The thicker ted line tepresents

the geographic limit of a 45 dBA sound pressure level. ,{s shown, there a¡e no homes within the 45

dBÅ zone. The worst-case sound level at the nea¡est homes to the west and north no¡theast is 40

dBÀ. This would te¡d to occur on a clear or cloudy nþht and with rviads blorving at mo¡e than 5

m/s (as measured at the sound level meter).

The modeling demonstrares that the project can meet the noise standard of 45 dBÅ (night) at aü

nearby residences during times r,vhen windows would typically be open. In addiúon, the Georgia

Performance standard of 70 dBÀ at all properw lìnes 'ivould also be met.

I Nr¡tc that thcrc arc some circurnstanccs in the *ri¡ter rvhere icc can form on th.,: wi¡¿l tu¡binc bladcs, creating highcr levels of

tubulencc ¡oise, 'l'lrese cverts xre expectccl to ()ccur only r fcrv dmes during a qpicel wintcr e¡d are of shr.rrt duradon. Note

thatwi¡cilw¡ arc m¿stlikcly to bc cl¡isecl duáng thcsc icingevcnts, thus rcducingtheirnt>isc impacts

Æ

PowerLwel Totãl

ln dB

Tolal

ln dBAl0m 2000 {fr00 8000128 254 500ô3

81.2 116.8 106,0103.8 99,9 95.3 88.3113.3 112j 107.8
GE 1.5 MW
Turblne



Gcorgla llount ¡n Community yt¡nd - ilofro b¡rcf SÞdy

26 February 2000

Rc¡orrcr Eyrlem Gro¡p, lnc,

Pago 17

Figura 6; Sound level¡ lrom the Propoæd Geo//gla *lounûln CommunÍty Wind Prcþct at Maxímum

S.3. LOW FRÊQUENCY SOUND

.¡\t thc re¡idence ç'ith the hþhcrt ove¡all sou¡d bels frog the turbines, the hþhest sound level at a

frequency of 31.5 Hz is approximateþ a9 dB. ffhi! ir an unvcigbted sound Pressurc level.) This is

belou¡ the hterior *u¡Åleyet of ó5 to 7O dB that il likeþ to c¡eâtÊ mode¡ateþ PscePtible building

vib¡atioos.

9. CONSTRUCTION IMPACTS AilD OTHER NOISE SOURCES

9.1. CONSTRUCTION lllPACTS

Thc constnrction oithc tu¡bines vill uhe place primarily at the turbi¡e sites. While there may be

activity closer ¡o ¡eside¡cer îor rcraÃ coosüt¡ction and udity vorþ such work will be of a relatively

short du¡ation
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The equipment used for the construction will be varied. Sorne of the louder pieces of equipment are

shown in Table 6 along rvith tlre approximate maximum sound pressure lerrels at 1.5.2 m (50 fce t) and

1.130 rn (3,700 fÐ.

Sound levels lrom Various

Blasting may be tequired. Horvever, the amouot of blasting will be lunited. Blasts will be wamed as

per federal requirernents. Blasts will be designed by a licensed blasting company and charges and

delavs ryill be set such that Bureau of l'Iines standards for vibration and ai¡blast will be complied

with.

Constn¡ction rvill take place over approximately nine months. Llajor constructior¡ rvotk, such as

clearing fo¡ the access roads, rvill occur primurily during the day, ho"vevet, minot constrr¡ction rvork

may extend earlier o¡ later.

Due to the setbacks rnvolved and the Limited du¡ation of the activities, construction noise should not

pose undue quality of lifë conce¡ns.

9.2. OTHER NOISE SOURCES

'fhere rvill be several mi¡ro¡ noise sources at the site. These inciude:

1) T¡ar¡sformers - The elect¡ical equipment has oot yet been specified. There may be a

t¡ansformer at the bâse of each turbine. Transforme¡ noise emissions are subject to

NE].tÀ standards. The transfonners at the base of the trubines are not ükely to be

audible outside of the project area. No step-up transforrner is curreotly proposed.

SOUI{D PRESSURE

LEVEL AT 15.2 m

IdBAI

SOUND PRESSURE

LEVEL AT 1,130 m

{dBAtl

EOUIP}IENl

3882.5M-250 Liftcrane

78 u2250 53 Liftcrane

83 41Ëxcavalor

86 45Dumo truck beins loaded

76 22Dumo lruck at 25 meh acceleralinq

80 39Tractor lrailer at 25 mph

accelerating

3781Concrete truck

85 41Bulldozer

100 49Rock drill

3380Loader

80 36Backhoe

96 55Chiooer

N
1 ,\sr,rrn", a retluction of ó <ìB per donbling r¡f distancc.
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2) Transmission lines - The trâf¡smissioû lioes associated with this ptoiect is 34 hV' The

voltage of these lines is too loç to geûelate aoy significa¡t corona noise aod will likely

be inaudibk next to the li¡es-

3) Maù¡tenance aod cperations - The si¡e will be accessed úa a pickup truck or off-road

vehicle. This level of forc¡eared trafñc u¡ill riot create âoy âdvelse sound impacts.

10. RECOMMENDATIONS

Based on the above anaþsis, we recomtnc¡d:

1) Selecting ru¡bi¡es modelr and a tu¡bbe configuatioa that will not exceed 45 dB,\

outside the nea¡est residence, as demoastrated in this rePort'

2) Selecdqgrvind tu¡bines with no tonaüty or tonality vithin a¡ accepuble level.

3) providing oeþhbors wirh a siæ supernisor to call so as to resoþe noise complaints

PromPtlY.

I1. SUMMARY AilD CONCLUSIONS

This report svâluated the potential noisc impacts of the Georyia Community Wind proiect and

coocluded the following

1) Ån appropriate standa¡d ro appþ to this proiect would be the !ilo¡ld Health

Clrganizatio,n sleep disturbance crite¡ia of 45 dBÅ âveraged over the dudtlg sulnmer

months s¡hen wiodowt are l¡kety to be open'

2) ugrog ffvg wind tübines s'itù a sorr¡d Poyer level gf 106 dB,\ and a hub heþht of 80

metirs, this proþct mee6 tl¡is rt"trd"tA by 5 dB or trofc during the nþht.

3) The sound leeeh from the tu¡ùincs u¡ill not rise to a level that cân creatc hcaring

damaç, activity interfercnce, or Pote quality of life concems'

4) The Georgia ZCIßtîgffiforaoce Performance Standard of 70 dB,\ at the property line

will be s¡et.

Às a result, the Georgia Commuaity Wind proþct can be constructed in such a way as to have ho

undue adverse hp"ct to health o¡ aesthetics with respect to nobe.
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Table 4.1: Guideline values for community noise in specific environments.

Specific
environment

Critical health efiect(s) LAeq
IdBI

Time
base
Ihoursl

LAmax,
fast
tdBl

Outdoor living area Serious annoyance, daytime and evening
Moderate ¿¡nnoyance, daytime and evening

55

50
ló
16

Dwelling indoors

Inside bedrooms

Speech intelligibility and moderate

annoyance, daytime and evening
Sleeo disturbance, nisht+ime

35

30

I6

8 45

Or¡tside bedrooms Sleep disturbance, window open (outdoor

values)
45 8 60

School class rooms
and pre-schools,
indoors

Speech inælligibility, disturbance of
information extraction, message

commmication

35 during
class

Pre-school
Bedrooms, indoors

Sleep disturbance 30 sleeping
-time

45

School, playground
outdoor

Annoyance (extemal source) 55 during
play

Hospital, ward
rooms, indoors

Sleep disturbance, night-time
Sleep disturbance, daytime and evenings

30
30

I
l6

40

Hospitals, treatment
rooms, indoors

Interference with rest and recovery #1

Industrial,
commercial,
shopping and Íaffrc
areas, indoors and

Outdoors

Hearing impairment 70 24 il0

Ceremonies, festivals
and entertainment
events

Hearing impairment (patrons:<S times/year) 100 4 110

Public addresses,

indoors and outdoors

Hearing impairment 8s I 110

Music tlrough
headphones/
Earphones

Hearing impairment (free-field value) 8s #4 I 110

Impulse sounds liom
toys, fireworks and

firearms

-Hearing im pairm ent (aduhÐ

Hearing impairment (children)

140 #2

120 #2

Outdoors in parkland
and conservation
areas

Disruption of tranquillity #3

#ll as low as possible;

#2: peak sound pressure (not LAmax, fast), measured 100 mm from the ear;

#3: existing quiet outdoor a¡eas should be preserved and the ratio ofintruding noise to natural background sound

should be kept low;
#4t under headphones, adapted to free-field values

65
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MODEL INPUT DATA



Turbine ldformation

Name

Name

Modeling perameters

ID Sound
Porer

Height Coordinates

'tl1 ffiave Band sound

zYX

501
520
5æ
4!r4
511

24032ß
244128
239948
240714
24612

1 801 4s4873

1061 801 4il7æ

1061 801 454810

1061 801 4æ592
to6l, sol 4549æ

2r.24.Oq
1i 9.24.0t

i_9.24.0q 5
49.24.08

80.1

Based on l0 degrees
None

from USGS10

each source

model

3-2

m (2.6 miles)
m (13.1 ft)

relative humirJity ,/
Reflectio¡s
Search radius
Receiver height
Contour interval

Absorption


