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Iam a physician and scicntist my expertise lies i inteal
and covironmental matiers. Whether or notwind proves o
be @ viable source of prwer, i1 absolutely essonial that
windmitls noo be siged any closer than 125 mitles (2 hint from
penple’s homes or anywhere else people regulbarly congregare.
(Highwavs are also a problem for motosists with seizuse aod
mipraine disorders and moden senativity, from the uge

spinning blades and Iandscape-sweeping shadow ticker)

o3

[ consider a 125 mile ser-back a mimmann Apure. In hilly

or meuatainous topographies, where valleys act as aanal
channels for noise, this 123 mile set-back should e exiendad

-

anyvwhere fyom 2-3 marles from homes

Lot me be dear There is nothing, absolutely nothing, i the

wind energ

<

doot to neople’ liemes. Sitneg, after all, is the crux of the wsue.
I "

y praposition thar savs windmills must be sited nest

Trresponsible sitng is what most of the uproar s aboat.
Corporate cconomics favors building wind wrbines in people’s

backvards: sound clinical medicing, however, does not,

Nina Picrpont, AMD. PhD

Fellow of the American Academy of Pediatrics
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The Truth About Wind Power

‘‘‘‘‘‘ The Rhetoric The Realtty
Consumer Pricey Wind enovgy is axpornsive and costs Wi poswer is the Iowaest cost of nadw peneration; twenty
msne than other soumces of dectricity, | yaar power oontracts provide long-term jeve! power costc|
Ko fuel cost; no fuet transportation casts. Aglng coal Rest
i belng decommissioned; will impact consumer prices

, | upward
| Reliakility Wind & intectnittent; tharefore, it Grid operators already vely on wind power and
i threatens the velfability of the slectric | successfully Imtegrte It in targe Smounts 2cross the US
' gid. power grid, Over 60,000 MW of wind energy is currently
on the U5 grid {roughly powers 45,000,000 honras),
Sound Tha sound of operating wind turbines | independént stadies conducted woridwive ko

couser o varkety of health effects, consistently found that wind Earrs have no direct impact
lnchcﬂngdnlnm.hudadm.m on physical hwalth, Sound levels are modeled during

loss of slaep. development to avold post-operstions! issues.

‘ Shadow Hicker The shadows of votating wind turbines | Shodow ficker i predictoble and is baséd on the sun's
are bothersome and cause negative angle, wurbine location, and the distance 0 an
health effects, ohsorver Flickes is modeted during developroent to

minimbee and miliation mesies are awsilable,

Turbings aftan catch fire and when A wind turbine fire 15 » very rare evont, Tuhines are
they do they send Raming shards inta | dosely svonitared 24/7 for any aperating iwonsistencies,
Extensive pracautivns are taken, induding smeigency B
first responsdeer training.

12 el Baloes: too much land to make Wind anergy sccoutted for 42% of all new onigy
rrstadlation i 2012, The project arca may Sppdar to
specad acrosy 7 e aren, howeves, the infrastructure
requires itthe land. Wind energy i compatible with
agvicultural artivities; farmars can plant up to the turbine
birse and ihvestock enjoy the shade In smmmer

Proparty Values Wind farms hurt property values, Studies have found that wind faciities do not atfect long-

. " | tory petaperty valuas, Wind drives commnity economic
development that benefits ol property ownars through
the: tax revenws patd annually.

. | Erndssions Wind power does not reduoe carbon | Wind power has no carbon emissions and emits no
! and may cven contribute to dimate | poliutants or greenhouse gases, Wind power does not use)
change. any water and does not contyibate to water
comtaraimation. No energy expended th extract fuel.

Old Turbines Old turbines are left abandooed, History shows that old turblines are repowsred with

. . ‘ newar technology. Current wind practicss require & bond
be posted to pratect izndowners and comomuriity; in
addition, turbines bave a high aahage value,

Enengy Incentives Renewabile energy I subsiiized at Fossi tuels recaived about five times mone in subhdies
higher vabes than fossi fyels than renewable endrgy. Wind's primary Incentive is
the: Product Tax Credit, o performance baser!
. Incentive.
i [ Witdjife Wind turblnes are kiling birds, bats | WInd genarates electricity Without mary of the
and augles atan akering rate, environmenst Impacts sssociited with ether entopy

: soirrees and & supported by wildlife agencies. Mewer
shing requivernants and techniques coptinue to reduce
wildlife Impacts,
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As the Emam passes the SEQ :,_m low frequency
noise and infrasound is generated at a frequency
related to the hub’s rotation and number of blades.’
These pressure pulsations appear as tones during
analysis but are not heard as tones by most people.
Instead they may feel the pressure changes as
puisations, internai organ vibrations, or as a pain
(like ear aches or migraines).

This frequency is called the Blade Pass Frequency
often abbreviated as BPF,

For modern utility scale wind turbines this frequency
is at 1 Hz or lower. A three bladed wind turbine with
a hub rotation of 20 revolutions per minute {rpm)
has a BPF of 1Hz. This means there is a pressure
pulsation emitted into the community once every
second. At 15 rpm the BPF is 0.75 Hz and at

Ho 63. 0.5 Hz. _N&A u.U\ .
i Snacian ?Mtﬁs.

KR ref 20uPA)
[

_‘..OKV?_S& @ g-covstic . com
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Esm: wind turbine blades S_nm.“m past Em tower a

a short pressure pulse (top graphic} occurs
producing a burst of infrasound.

When analyzed the result is a well defined array of
tonal harmonics below 10 Hz.

(red bars in figure above) :

For impulsive sound of this type the harmonics

are afl “phase-correlated.” This means the peaks

of each occur at the same time. Thus, the peaks add
together in a linear fashion with their individual
maximum sound pressures all coinciding.

Thus, for an impulse having 4 equal amplitude
harmonics (BPF, 2nd, 3rd and 4th) each of the

same amplitude, the peak level is +12 dB

....-...__._: .
P

-_10.equal-harmonics-would-produce-a peak-levetl—

of +20 dB.
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8132014 Wind Turbine Syndreme | Wind Turbine Syndrome was being documontad in scionce journsis in the late 70s. aaly 806 (LS. Det. of Enorgy) O

windturbinesyndrome.com
hilpwww windiurbinasyndrome.com/201 fwind-turbine-s yndrome-was -being-dotumeniod-in-s gience-journals-in-tha-latg-
70s-eacly-80s-u-s-dept-of-onergy/

Wind Turbine Syndrome was being documented in science
journals in the late 70s, early 80s (U.S. Dept. of Energy)

Editors note: Read this article—or skim it, with
attention to the highlighted passages—to discover
why the corrupt bastards with PhD's and MD's, who
argueifor the hilarious “nocebo effect” as the cause
of Wind Turbine Syndrome, ought to be
horsewhipped.

For it turns out that researchers were reparting and
analyzing WTS decades ago, i the late 1970s and
early 1980s—because the poor saps living within 3
km of wind turbines were complaning of the same
symptoms away back then!

Horseﬁvhippad or tarred and feathered? And
deﬁnit?ly stripped of their professional credentials!
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1N Wind Turbine Syndeome | Wind Turbing Syndrome was baing documnentod in seionos journals in tha late 70, sarty B0s (LS, Degt. of Enorgy) @

acoustic and vibration measurements inside and outside of
their homes during turbine operations, In addion 1o the
Compare physical measurements, we visited many of the other ¢com-
: plaining families and received a description of the annoying

| to Pigr sounds. In summary, the complaints centered on the
': foliowing perceptions:
pont et () the annoyance was described as a periodic “‘thumping’’

sound accompanied by vibrations;

(i many persons reported they could “fzel’”” more than
hear the sounds;

({#) the sounds were louder and more annoying inside their
homes than out; and
: (iv) some ¢xperienced the rattle of a loose glass in picture
; frames mounted on outside walls and small objects such as

' 31.

1141Vol. 104, MAY 1982
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Wind Turbing Syndrome | Medical doctor sees Wind Turbine Syndrome in his patients (V... Page | of 4

ﬁ;} windwrbinesyndrome.com P W D eay s e/ 201 Amadical-dogier - LOna-WANG-INIRIND -y N eTw--Rid-baUen 3-vormont/

Medical doctor sees Wind Turbine Syndrome in his patients (Vermont)

!

"\I'Ni"ﬂ Turbsine Noiso & Advorse Hoalth Effects”

Tgstmony befors the Vermont Pubhe Service Bowrd (PSB) 7/28/4
+ By Bundy Reidor, MD

by o w Sundy Roldor, | am » peimary gare QW\\' in Lyndonville, and | have Bedan grachoang clinosl
mirdicine In Vermant singe | récalvad my licanda in 1071, (D, Retter Ia4 graduble of the Hatvard
u.,&wm.ty $ohagl of Mudicing w Editor)

infthe wtorost of Tull disclosurg, | sm not beihg pid tor valvomont in this issue, ROT ¢id | sewk s out;
rather, it found me by way of & patient | hud known well for several yenrs, and who, in late 2011, suddenly
davolopod sovero ingomaia, anxiety, headoghos, nnging ears, difficulty concentroting, and Irugquant
nﬂuuon soomingly out o1 the blua, This puzzlod us bath for & few monthy bafetu wo finally come to
undurstand that he suffered from whol was, ihon, 8 rolatively new chimcal unbly known s "wind wrhine
syndrome’, ralatod in his particular gasy to (ho comparativoly smatl NIZS 100 KW turbing thut bagun
flunorating powoer atop Burko Mouniain in the Tl of 2011,

in the courso of tho 2012 lagislative sexsion, | descnbad this patient in detail n teslmany for tho Sonate
Numml Rougourcos wnd Haelth Care Commuttoas, o woll ws the Sovernos's Siung Somassion, Swet his
sy!-nptums were 30 typical ang simior 10 those duescribad by thousangs of other ndividuats living too cloxe
ta jarge wind Wrbnes all over tho glabe, | have attachad my testimony for tho Sonate Hoalth Care
Commmttoo und sncourage you to review 1IL10r 18 vory characloritic description of whot #15 thit Uus bowrd,
1 u:,ust, hopas tg mitignte By recomminding moro protactive sound S1pndords for thoso indusing) wind
mstalahnng

| ahould add that | have seen 4 addibiontl pationts living close W tha Llarge Shothold nnd Lowolt projacts, ae well as an ngividunl [ving nsie anothor single
NES 100KW lurkinu in Vorgonnes. Al presented with sunilur, hough nat identical, symploms (e Shose doscnbod in my tostimony

Thist thtro hove alicady boen 5o many complnis hare In Vorment rolatad to wand tuipis suguests that 1ho ourrent noise siandards my be nagegunle
Eithet Mo ublibes huvo boon rogularly out of comphanes wilh tho curront existing stangards (Shirley Nelsan's detlod duily rocords suggoest this has indead
mg-,urruu with some regutarity) andfor that the stentific dat and stedics upen which the cunonl noise yundards are Hased is ingompieic, or possIdly just
plain wrong

Ovpr the pas] 2 yoors ! havo rovigwed much of the relevunt stientific titoraturo, 8nd out of my 42 years of uxpurancy und porspuctive u s chimician,
ru.-,?puatfuliy affor the following observations and commonts,

Firdtly, | it not doutt at afl that Thass largs turbines can and do cauag serious hoalth problams i  sipnilcunt numbor of porsona living newrby, pven though
thy vibrational-acaustic mechanismy benind Uns hurm ara wot yor complotely underttand (1,4 Ropotitivg dloop disruption I3 the most aften cited adverac
nnoc( and dwiurbed sloop ard ita rosulting stress ovier imoe 1 known to cougo OF eXACOrHAle cardwvascyulor illnoysuy (2, ), chironic wnxioty und doprossion,

a5 el a5 worsening of other pro-oxiating moedical problms. Thiy s capetinily concqiming for the most vulnartible ameng us — ghildren, tho eldarly, thoae’
whb are nalyrlly sunditive to aguny, or prone to motion sickness or migroing howdachos, and. a8 mantoned, (No3s whe bre unwell 1o e with,

The pasition adopted by davelopars of largu mdustriul wing projocts, ang thys 1r suppotlod by regulstory and hogith agenains, Ras pecn hat thon » Ko
evigence of a direct ahect an Toulth from wingd turbines; rathwr, that the Clawnad udvorsy hoalth offocts sre ingicagt, due mainly to the ndividual's neslive
atitude about the wind ibines {so-cullod "nocobo” effect), and tharators i« thaw fault, it's all in their hoads, ang 50 o0 Nol only s thiy nconoct, d s
disjngarnuous. Thoro iz simply ng glinieal justhealion fur ignonng harm balng deng o INgvkiuaks (nd communitics, whother diroct or indirest. on theee
QrEunds e simply put, hirm 3 harm, whatover the mechamsm

However, good eyidencsy [ drgot odvoivo uffucts has oxisted singe the mig 805 whon Noit Kulioy houdod & group of researchars, under the auspcas of the
US Dopartment af Enargy ang NASA, ang lound conclusive ovidonco thet agverse effects, veny similan W thoso that doscribo “wind Wrbing syndrome” wore
dug primarily to very low frequency sound and inpudibly infrasound {8}, This rele of wntrasgung wiss subuoyuunily cunlirmad by Kolloy's tosm under centroiled
lubbrutory conditions, and roaultod in & gomplate redengn of lubines from tho downwind trastie-mountad turbiaes 10 day's upwind tutbine on o singio
mapsnr tower Furhiuonole, ho rocommendod protostive masimum levals of this low froguoncy sound.

The jaun! ratiation wovels fexpressed in lorme of gooust intensily ang measured externul W o struclur) in the 8, 16, 31.5 and G3 Mz stendarg
(150 octuvys should not cxceod bang intensity threshold fimits of 60, 30, 40 and 40 dB (re 1 pWm -2) morg than 20% of the timo,
Thaso figures compare fevorably with 3 surtmary of low-froquongy annoyshct situations by Hubbard.

(it i warth noting thal very uhon infrasound levals are highor msde & bnlding Whun cutside, the structuro acting o% & fesonating chamber ang amphiying (he
lowor “vibration® froquencies Thus medsuromants for low froquoncy soung should be made insida tho structuro @s well B2 outxide. Alsg, 1gw requency
wund levala are not only burkhng design and geometry ypocific, but klyo sito spocite, etpownlly 1 o placo like Vermoent whore thu topography and ciimuche
condibony wry 4o varinble. Thore may e unacceptoble indpor miragound Jovold in one hone, wiile angibwe home gwar the nill moy have yndotoctoble or very
tawilevels

htip/f'www.windiurbinesyndrome.con/20 1 #/incdical-doctor-sees-wind-turbine-syndreme-i..  8/14,/2014
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Wind Turbine Syndrome | Medical doctor sees Wind ‘Turbine Syndrome in his patients (V... Page 2 of 4

Ty wirtd ingusiny's azsartion that the Koflay stugy s ivelevant and that infrasoeng iovols aro noghaibig with the current, newer turbine design ong may b
grdred v unfounded, und more tecant ovidence confirme this. (Sek the 2042 Faimouth stuty by Amiroge and Rand, Bob Yhome's axeelient quality of hife
ﬂlu@y in 2011 [12], Slven Coopor's beohminory rasulig 1 Ausitalio, final results due in Soptember 2014 [11); and olhers )

lnn AtrmMRREONA SHhidhns wind perarmod by ndepuadont professianal seoustizians hat connaried 10 e wind industry. ineduttally, the sevarely atfocind
potient dusanied n my 2017 toubimony novor did poregive ¥ny iudible howa tram the turkae (and this i quite typicat, the sound & mare foit than hoord), ner
did e Rarbar any faalngs pre or con about The nsiallati whisn ey probloms bagan thaugh after ia understood 1o soures of tuy M-hoalh, | have no doubt
lh.'n:lno "nocabe” ofisct mey hwve addoed to hiy tiraan adiling el ey 1o g Since sbindoned that home, And 1% ante Agatn sleaging soundly and
foollnn waoll,

Ther curran? sound standards, basad as thay are an dHA womihiod ocousiic modsuramonts, qivas paricular waighi (o oudible frequoiitits it lhe soundscape,
bt yarry il o A wergi! 1 1w sound rdquancas wnd infresaund, pariculany below 10 B2, wiieh Compngos o sigrificant-proporiion of tho sound
garioratod by lirrga turbingt. Poople da ot hoar diZA, they heor quohiutively dhiforan! sounds, birds, insects, running woter, wind n Ing toes, ole. Basing
nase SOt SOfey an i singie: Aumier ignsres the unfaue neture of the satind producid by fargo wind turbings, with its constantly changing Iondnass,
frequancy, hanmonics, treh. Gnd imbulsiva quality.

1 as prevanely 1hass fualites el med: the sound feol 8o intiusive and snnoying, asposatly o dquct rardf environments whare thoaa projects sre uaually
Ineated (12} Paseothoueally, the waed “shnaying” & sumowhat inshouding, 8s ttimpliex a minar, iemporacy, o 0eCadiond nuisanco thut parhape might be
imaslly gancad, calhnr DA whitl d i B rapoddnd strosyor that can degrade ona's shart and ieng taray Asalth ond woll boing, snd from which there 12 no

a1cppe over the Motime of the projact shart of having ¥ ahandon ang's hama,
1

1t espworth topuating hayu thul tho turront Public Senden Boerd threshold of 45 6BA of dudiblo sound, svervged over an hour, has navar baan proven ale or
profociive, and that mos! shicias apran thal audible somnd showd Aol gxtood 35 dBA, or 5084 abpve normal backpround soung ipvels (This s pspucially
WnpETiont i rurdl arons whore backgiound nmse 1 minimal.} The laval should ba p maximum, nal an heurly avorage. Abova 35 dBA {horg-ere hkely lo be
ngmhcently more comploints, paricularly ditficully steeping
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Bofore condluding. T would ik to amphagiza thuf tho bulk of scriontfic avidenae for adverss Roalth effacts dum 10 INdustrnl wind inaniiatians comas In the
farmi of thausundy of cuse roparts fkg (R potiont | doscribed. Ono or two aporadic anecdoial casas can legHinmelaly oo wiswed with a wad-and-aea
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propdcts have baon built | agroe with Eprdemictogist Carl hitps, who opinod thal *1nse G rpards ARG faguitor aifer (Mo mast COMANng Scionific
evidince of sonous.hacm Just Beesusa tha prevvaing martets hava Edgd o axpldin obiarved odvdrso health effects dous not mean thay do not exast”, and,
a5 he sucoincly though i my opriian & it log Rarsily conchutad ® 1o allrmals lo dany tha Gvdoncg eonnot bo soon a3 fonast sclantific disogroomant
and regresant aither grass incampatence or intaatanal bins® (13}

1 nmi aware thet tho membors of tho PSB boar » haovy respnaubilily fnr Vermont's overoll grergy fulvl€ and huva many sihor 195u0s on thow plote bosidas
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mopEUremgnts. pne honlth madsuias, 1n o bolancod and seiontlic wity, For your Sonvenience thace I8 & hard copy of this sludy includea with my presentation
logay.
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Wind Turbine Syndrome | Medical doctor sees Wind Turbine Syndrome in his patients (V... Page 3 oi'4

. Tho aulfcomuys of thy sludy ure concarmud will tho weieniial for ddvorso hualth offecls due fo wind form modifiod sudiblo and fow lruguonty
squad and infrdsaund. The shedy Somtens Wal W1 foagnig 6f Sound levels withaul & Oalined Kacwiedge ol whal e 5ound lgvgls relate (o
rendurs fhe ol unceddan m Rature and contend Obgenahon 1 needid jo confirem the charadter of he sound baing rocortpd Sound
recordmgs are necded o conlm the chardcter of the sound bong rotorded.

. The measurels of wind lurbing neige expasure ot the siudy as rdentifiod as being Acoustical MErkers Ior excessive noise and kngw risk of
. v aerious harm to hoolth {significunt advorse heelth alierts)

{1) Critonon. An LAog or 'F' sound level of 32 di3{A} or abbve over wny 10 minute inferyal, outside;

(2] Gritarion: An LAeq or 'F' sound [evel of 22 dB(A} or anove over any 10 rmnita infervai insida a dwaiiing with windows opon or closod,
(3) Criterion Maasured sound levais shall not oxivbil wireasenable or oxcoessive modulstion [ Buctuation’)

{4) Crivnon. An sudibls Sound lavel is modulsting when mepsirod by tho A-woohiod LAGG or ' hime-werghting 8t B 10 10 diserole
samples/zecond and (o} the amplitude of peak lo trough vamation Gr th) o the ird vetave or norrgw band charactoristics oxhibit a poak 1o
trough variation that oxcoods the following critenn on & raguilarly varyniy buwy 200 exceedance is noghigible, 40B oxceodanca is
unreasonable and 5dB oxcoadance is oOxcessive

(5] Crddeerirs R Kow deatepritscoisy sesuaerd oot indfeeasouedd is mogiating wion mansurod by Mo Z- welgiied L2ag ar - Ime-weghtng af 8 (0 10
dmernte sampins/second and (a) the pephiid of peok 1o ough voriotion or (b)) iF o third oclavo or norrow band chordclonshics oxhibil &
' peak i trough vanshion thet axcaeds the fIoHowmng eniead on & reguludy varyma o, 2B excoedanca 1s nogligible, 108 excordunce s
unraasanabin and UdB excesdrnom 15 AXeARSIve

(G) Drtintions ‘LARG' mrans g A-wenghicd equevilual-continvous sound prossure leve! {18]: 'F ima-wmighting has the mesnng under IEC
GHEFP 1 ang {T8] “reguadaniy varywg”™ 3 wilueo (¢ Sound exceuads the criteron for 10% ar mione Of Hiy MeAtuamand e mifdmval ffc‘f.f of 1¢
mmglog; ond £ weaghling has I mogmng uider AR IEC 51672 1 with s lowsr lirmf of O b1y

{7) Appruvul suthoritos und reguieiors Should Sef wind farm noise compunnr‘r\ Inyeds al tenat b Ali(A) Detow [ gound Ievids w grdenon (1}
ang enlengn (2} aluave The cumphanes jovols thon bocome the critens for unréaionahle nose

Maasurss {1-85) above pre Bppropriots for 8 'noise’ a85085ment by wivwal display end lovel comparizan, invesiigation of healtn affaciz snd the
complox naturq of wind lurbing Aoizo roguiro the more detadad prrceptunl meazsuras of soind characior Such oF audibbly. K ingss
thiclualion slrength, and drssonoacy

To gy citalyl mdupondont woll-dosignod caso studles fike Thome's ( ang others } i o reviow of tho scentific ltornturs it puspors & bo thorough 14, |
repdat, s 3asious omisslon and is nat “saisntific” Sareful congidosaton ol thoyo indupendent woll done studies, 1if nathing else. should rncournge reguiatary
agoncios lo adopt 8 much more precautianary approach to the sming of toduy's vury Dig industrinl wind proyecty 0 order 1o Adequately proteg! public noaith

For batter or worge, i tofay's "niormehon pQo" wo are perhapy too fascinated by computers and mountams of dola, bul trelh w hulh. whurevet you nd i,
ovge in singl plucus. .

con'mr.t-

.wndv Ruder, MD

pp Hox 10

Enist Burke, VI 05337
(602} 6206007
aandyreider@lyahoe com

‘Mn-fly (hanks (0 O Socoh Loung, CEQ of tho Waubra Foundation, for ter lysy work, and gonerosify i zhacing £o much mitrmnhon
)
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4. Shopherd, D «t pj 2011 “Evaluating the impact of wind lurbine naise on health reiotod quolly of ile” Neise and Haalth, Ociaber 2011
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: NINA PIERPONT MD. PHD.

June 30, 2014

Ms. Esen Fatma Kabadayi-Whiting
Cuesme Belediyesi (Municipality)

inéni Mah, 2001 Sk, Nex 2 Geyme / 1ZMIR
Turkey

Dear Ms. Kabadayi-Whiting,

) write 10 you at the request of Madelone Kura, whe tells me the charming, historical

town of Cesme is about to have half 3 dozen 3 MW industrial wind wbines built on the

odge of town, a mere 500 m from peopie’s homes. (I'm toid that at lesst one of the
_ turbines will be 300 m frem a school) furthermore, all this construction will be in hilly
! terrain,

Let me explain, clinically, why this is a bad idea. In 2007 { published what was then the
definitive study of health effects caused by wind turbine infrasound on people living
within 2 km of industrial turbines, The book, “Wind Turbine Syndrome: A Report on a
Natural Experiment” {(K-Selected Books), included 60 pages of caw data in the form of
' case histories {using gase cross-over studies), demonstrating that living in proximity to
' wind turbines dys-regulates the inner ear vestibular organs controlling balance, position,
and spatial awareness, Effectively, sufferers experience symploms of sea-sickness, along
with several reloted pathologies,

. It turns out all this has been well known since the 1980s, when the US Department of
. ] Energy commissioned a report on wind wrbing health effects - the report subsequently
published by physicist Dr. N L Kelley and his colleagues st the Solar Research institute in
Golden, Colorado, bearing the title, "A Methodology for Assessmaent of Wind Turbine
‘ Noise Generation,” Transactions of the American Society of Mechanical Engineers. v.
: 104 {(May 1982), pp, 112-120.

i this paper we have presenled evidence to support the hypothaesis that one of the major
causal agents respansitite for the snnayance of naarby residents by wind turbing noise s
; the excitation of hghly resonant struetural and air volume maodes by Lhe coherent, low-
froquency sound radisted by large wind tarbings,

>

1% Cloy Streqt
Maolone, New York 12953

ph|fax (518) 483 6481

www. ninopierpont,com
pierpontiweny.rf.cam
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Furthiy, there is evidence that the strong resonences foung in the agoustic pressure held
within rooms [in prople's homes) |, . indicates a coupling of sub-audible energy [infrasound]
10 human body resonances ot 5, 12, and 17 25 He, resulting in a sensation of whole-bady
vibieation {p. 120).

| discovered the same thing in my research, What Kelly ct al. reter to as a "sensation of
whole body vibration,” | refer 1o gy Visceral Vibratory Vestibular Disturbance (WD)
“The inlernal quivering, vibration, o pulsation and the associated complex of agitation,
anxiety, alarm, irritability, tachycardia, nausen, and sleep dislurbance tagether make up
what | refer to as Visceral Vibratory Vestibular Disturbance (VWD) (“Wind Turbine
Syndrome,” p. 59).

Five years later, Dr Kelley quve o follow up paper at the Windpower ‘87 Conference &
Faposilion in San franciseo, titled "A Proposed Metric for Assessing the Potential of
Comrmunity Annayance from Wind Turbine Low-Fraquency Noise Emissions.”  Just so
you understand the rerminology, "emissions” means "noise & vibration." And the term
"low frequency” includes infrgsound.  And the antiseptic phrase “community
annoyance” is code for Wind Turbine Syndrome —— except the name hag not been
cained in1987. (I created it decades later) Kelley's research ance again had been
funded by the US Department of Energy, Contract No. DE-AC02-83CH10093.

We olectronically simulated teaw intenior onvironments rosulting frem low-fraquency
acoustical Igady radinted from both individual turbines and groups of upwind and
downwind turbines, ..,

Expenienge with wind twurbines has shown that 1115 possible | | | for low-frequency acoustie
noise radiated from the turbine rotor to interact with residential structures of nearby
communities and annoy the occupants,

The modern wind turbine radiates its peak sound puwart (eoergy) o the very low frequency
" range, typically batween 1 snd 10 Hy {ke., infrasound}. . ..

Qur gxpenence with the low-frequency notse smissions rom a single, 2 MW MOD.1 wind
trbing demonsirated that o, . it wes possible to cause annoyance within homes in the
surraunding community with refatively low levels of Uh-range {low frequency range} acoustic
noise, An extensive invesiigolion of the MOD -1 stuation raveaied that this snnoyance was
the result of a coupling of the turbine's impulyive low-frequency acoustic anergy into the
structures of sama of the surrounding homes. This often created an annoyance environment
that was frequently confinpd to withia the home itsell {p. 1, emphasis in onginal).

| am attaching a copy of Kelley's 1987 paper.

Besides my research, which prally much duplicates Kelley's, thare s the work of Dr, Alec
Salt, Profossor of Ololaryngotogy in the Schaol of Mediting st Washington University (St.
Louis, Missour), where he is director of the Cochlewar Fluids Research Laboratory.

B0017/0037
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Protessor Salt is a highly respected neuro-physictogist speciatlzing in inner ear disorders
and in particular the mysteries of the cochlea.

Prof. Salt's research cdovelails with mine and with Dr Kelley's. For many years,
- acousticians and noise engineers have vigorously maintsined that "if you can't hear it, it
can't hurt you,” That is to say in the case of wind turbines, "I you can't hear the low
frequency naise in the infrasound range, it can't hurt you.” (infrasound, by definition, is
noise below the hearing threshold, typically pegged at 20 Hz and lower, Peopic feel
infrasound in various parts of the body, though typically they cannot hear it.) In any case,
; Professor Salt and his colleagues have demonstrated conclusivaly, definitively, that
infrasound daes in fact disturb the very fine hair cells of the cochiea,

With this discovery, one of the main arguments advanced by the wind energy industry
namely, that wind turbine infrasound was too low 1o be harmiu! to people, since they
could not hear it — was demolishod. Prof. Salt has proven that, “if you can’t hear it, it
: gan still harm you,”

. This past winter, Professor Salt and his tolleagup, Professor Lichtenhan, published “How
Does Wind Turbine Noise Affect People?” Acaustics Today, v. 10 (Winter 2014). pp.
20-28, The following is a lengthy excerpt:

The essence of the current dobaty iy that on ono hand you have the well-funded wind
industry {1) edvocating that infrusound be ignured becauso the measured levals are below
the throshold of human hearing, allowing noise levels to be adequately documented
through A-weighted sound mueasuremants; {7) dismissing the possibility that any variants of
wingd tyrbine syndrome exist (Picrpont 2009} even when physicians (e.g., Staven B, Rauch,
M.D. at Harvard Madical School) cannot otharwise explain some patients’ symptoms; and (3)
arguing that it is unnecessary {0 separate wind turbines and homes based on provailing
sound fevels,

Cn the other hand, you have many people who claim to be so distrassed by the ofleels of
wind tirbine noise that they cannot tolorgte living in thoir homes, Some move away, sither at
finengial loss or bought-out by the turbine operators. Others live with the discomiort, often
reguiring medical therapies to doal wilh sheir symptoms, Some, even members of the some
family, may be unafiected, Below is a description of the disturbance sxperienced by
wornyn in Europe we regeived a fow waeeks ago o8 part of vn unsalicited ¢-mail,

Fresva the mamant that the webines begen warking, ! exprrienced vertigo-like sympioms an sn
; ongoing kasiz, h many feapedts, what Fam exparancing naw is actually worso than the 'dizzine.’ |
i have proviously oxperienced, & the associated nausea iy tmuch more intease, For me the puisating,

hurmming, noise that the turbines emit 1 the predominant agund thut | hear ad that roally seams
. ta affect mo,

While: the Chief Scivatist [the person whu came to take sound medsurements v et house]
underisking the measurement infarmad me that he was awarg of the low freguoncy hum the
turbrines produced {hy lives close to g wind farm himsel!, and had recorded the humming noise
‘ levaly indaors in his uwn home) e advised that t aasded turse this noise out and thot any adverse
symploms } was expericncing were simply psychosamatic. ., .
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Given the knowledae thet the car responds tn faw frequenty sounds and infrasound, we
Ynew that comparisans with benign sources ware invalid and the togic to A-weight sound
meanurements was doeply Hawed sciontifically. , ..

From this undarstandimg we canclude thot very low frequency sounds and infrasound, at
luvels well helow those that are heard, readily stimulate the cochlea. Low frequency sounds
and ntrasound from wind turbines can therefore stimulate the ear at lavels well below those
that are heard ...

No one has wver evaluated whether lymparostomy whbos alloviate the symptoms of those
Iving near wind turbines, From the patienl's perspective, this may be preferable to maving
out ot their homes or using medical treatments for vartigo, nauscs, andfor sicep
disturhance, The rasults of such rgatment, whether positive, negative, would hkely have
considarable scientific influence on tha wind turbine noise debate...

Anathar concern that must be dealt with is the dovelapmunt of wind turbine nose
moasurements that have clinical relevance. The nze of A-weighting must be reassessed ay it

is based on insonsitive, Inner Hair Cell {IMC)-mediated hearing and grossly misroprasents
inncr ear stimulation geacratad by the noise. In the sdeotific domain, A-wwighting sound
measurements would be unacteplablc whon many alements of the war exhibit a higha
sasitivity than hearing. The wind ingdustry shoulg be beld 1o the same high standards, Full-
specirum monitaring, which hes been adapted in some reports, is essential, ...

(Givan the present cvadence, it seems nsky at best to continue the current gamble that
infrasound stimulation of the ear stays confined 1o Lthe car and has no other effects on the
budy, For this lo be trup, all the medhanisms we have outlined (low freguency-inducad
gmphtude modulation, low frequency sound-induted  endolymph voluine changes,

' infrasound stirnulation of typa Il afferent norves, mirasaund exacerbation of noise-induced

' damagae and direct infraxound stimulation of vestibulac organs) would have o be
insignidicant. We know this s highly unlikely snd we anticipasle novel findings in the coming
years that will mflugnce the debate.

| suspect you are beginning to get a clear picture of the problem — and why I'n writing
10 you,

The typical symptoms of what is now known worldwide a8 Wind Turbine Syndroma are:

slecp disturbance, hesduche, tinnitus (ringing or buzzing in the ears), ear prossure,

dizziness {a geners) term that includes vertigo, light-headedness, sensation of almost
' lalating, etc.). nawsaa, visual blurting, tachycardia (rapid heart rate), irritability. problems
with concenteation and memory, and panic episodes associated with sensations of
internal pulsation or quivering which arise when awake or asleep,

Does evarybody living near wind lurbines experience Wind Turbing Syndrome? 8y no
moans! What | discovarmd is that people with () motion sensitivity, (B) migraine disorder,
{e) the elderly (B0 years and older), [d) inner var domage, and (o) autistic children and
5 adulls — alf thede aie at staustically significant high nsk.
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The solution is simple: industrial wind turbines must bo set back, well away trom
people's homes, schools, places of work, and anywhere else people regularly
congregate. In my 2009 report, | recommended a minimum setback of 2 km in lavel
terrain, Studies done around the werld since then have persuaded me that 2 ke is not
sufficient, cspecially in hilly or mountainous terrain - as with Cesme, In Cesme's case,
sethacks should be more on the order of & km or greater.

Hence my alarm when notified by Ms, Kura thet Cesme is considering 500 m (or less)
setbacks, This is wholly inadequate. | guargntee that, unless the sothacks are increased
substantially, there will be numerous victims of Wind Turbine Syndrome,

There’s mare. Dr. Salt referred Lo Dr, Steven Rauch, above. Dr, Rauch, a physician, is the
Medical Director of Harvard Medical School's renowned Clinical Balunce and Vestibular
Center, part of the Massachusetts Eye & Ear Infirmary. D Rauch was rocently
interviewaed by The New Republic;

Dr, Steven Rauch, an otologist at the Massachusetts Eye and Ear Infirmary and a professor at
Harvard Medical Schogl, belioves WTS [Wind Turbine Syndrome] is renl, Patients who havo
come 10 him to discuss WTS suffer from a "very consistent” collection of syrmptoms, he says.
Rauech comparcs WIS to migraings, adding that people who sufler from migraines are
amang the most suscoptible to turbines. Thera's no existing test for cither condition but
“Nobody questions whether or not migraine is real.”

"The patignts deserve the benufit of the doubt," Ruuch says. "It's clear from the documants
that come oyt of tho industry that they'ro trying vory hurd 1o suppress tho notion of WTS und
they've done il in a way that [involves] a ot of blaming the victim” {"Big Wind 15 Buttes Than
Big Qil, But Just us Bad at PR, by Alex Halperin in The New Republic, June 16, 2014),

Dir, Rauch made o similar statemeant to ABC News last fall.

I met with Dr. Rauch in Cambridge, Mass., several years ago.  He has read my "Wind
Turbing Syndreme” book,  You're welcome to contact him for his clinical opinion,
Notice, he actually treats WIS victims, and furthermore his specialty is ncurg-otology -

- precisely the dlinical specially appropriate o WTS, singe WTS is mainly a vestibular
disordor, (You might consider Dr. Rauch the “pope” of vestibuler diseuse.)

Shifting geats, a group of mechanical engineers al the University of Minnesata recently
mapped the aiflow turbulence patterns of a 2.5 MW wind turbing, Their technigue was
ingenious:  “A large searchlight with custom reflecting optics generated a twor
dimensional light sheet noxt to the 130 m-tall wind turbine for iluminating the snow
particles in a 36 m-wide by 36-m-high area.” They literally mapped the vorticns being
hured off the rurbina blades, using a  blizsard () a3 » kind of background screon.  Visit
this websile to see and saver the dramatic results,

http://discover.umn,edu/news/science-technolugy/new-study-uses-blizzard-measure-wind-turbine-
girflow
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Click open the video and natice the pulsed pressure waves fram the blades — punching
hales, as it were, in the swirling snow, You can watch the video on YouTube:  hnp//
www.youtute.com/wateh?v- Ol OsdgqUY.

Think of volleys of acoustic artillery, much of it in tha low fraquency and infrasound
range. Imagine the residents of Cesme being bombarded by this day and night.

; You are looking at the huge, pulsed, sound prassure waves responsible for Wind Turbine
Syndroma.

Ms. Kura tells me the turbines destined for Cesme are 3 MW, Several years ago, the
noted Danish naise ongineer, Professor Henrik Moller at Aatborg University, published a
. paper titled “Low-Frequency Noise from Large Wind Turbines,” Journal of the Acousticsl
Society of America, vol. 129, no. 6 (June 2011), pp. 3/2/-3/44. Moller and his
colleague, Christian Sejer Pedersen, demonstaled that “the larger the turbine, the
greater the ILFN (infrasound and low frequency noise) produced.” The following is the
- abstract of their papar.

Az wingd turbings got Iarger, wornes have emarged that ithe tuthing noise would move down
in frecquancy and that the low-frequency noise would cause annoyance far the neighbars,
The noise emission from 48 wind turbines with nominal cleciric power up to 3.6 MW iy
analyzod and discussed,

Tha relative amount of low frequency noise is higher lor large turbines (2.3-3.6 MW) than
fowr small turbines (2 MW), and the dference 15 statistically significant, The dilference can
alio be exprossed as @ downward shift of the spectrum of approximatety one-third of an
Qv

: A further shilt of similar size is suggested for future turbines in the 10 MW range.

Duc to the air absorpnon, the higher low-frequency content becomes oven maore
: pronouncad when sound pressure levels in relevant neighbor distances are considered,

tvan when A-weighted tevals are considered, a substantial part of the nose is al low
frequoncias and, Tor several of the nvestgated targe turnines, the one-third oclyve band
with the hughest lovel s al or below 250 He.

It 15 thus hayond any doubt that the low-frequency part of the spectrum plays an important
rosle i the noise ot the neighbars

Given all of the above, you can ses why | am concerned lor the residents of Cesme,

v

A final word. The clinical literature, including publications by the World Health
Crrganization on health effects from infrasound exposure, typically use the word that Dr,
i Kellay used in his reports to the US Department of Energy — “annoyance,” I1's really not
: an sppropriate word. It vastly understates the sickness caused by infrasound exposure,
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{A mosquito bite is an annoyanee, Wind turbine infrasound, on the other hand, triggers a
debilitating cascade of illnesses whose features | enumerated, above.)

In medicine, we clinicians are morally bound to exercise what's called the "precautionary
principle.” That is, if we don't know for certein that a procedure is harmless, we are
obliged to excrcise extreme caution in perfurming the procedure, in this instance
building industrial wind turbines — which are well-known to produce impulsive (i.e.,
amplitude-modulated) infrasound ~ near people's homes, This is, after all, common
sense.

For decades, the wind industry flatly denied their turbines produced infrasound, [t took
monumenlal efforts by people like me to debunk this fallacy. Wind industry advocalus
likewisa argued that only downwind turbines created noise, that is, low frequency noise,
Or, Kelley and his rescarch team cffectively debunked that talsehood, in the articles
referred to above. Finally, the wind industry clung to the hetion that, "It you can't hear it,
it can't hurt you." Professor Salt detlated that one.

It's time to recognize that the global wing industry has hidden behind a series of (what
turned out to be) falsehoods. Their untruths have been exposed and corrected in the

published clinical and scientific literature, as shown above.

There is no excuse for bullding wind turbines in proximity to people's homes,

Sincerely,

Nina Pierpont, M.D.*, Ph.D.*

"t.D. fram Tho Johnx Hopking University School of Mudicine
**Ph,D. from Princeton University in Population Biology/Evolutionary Biclogy/Ceology
*~B.A. (Biology, with honors}, Yol University
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Road this article—or skim it, with attention to the highlighted passagoes—to discover why tho corrupt bastards with

PhD's and MD's, whe argue for tho hilsrious "nocobe offect” as tho cauze of Wind Turbine Syndrome, aught to be

hersewhipped, For it turns out that researchors woere studying WTS decados age—baecause the poor saps living

within 3 km of wind turbines wore compliining of the same symptoms decades age! *
% —— e

Horsowhipped or tarrod and foathered? And definitely strippod of their professional eredontiais!

p—
et s — es—

—Culvin Luther Martin, PhD, wha wondurs why wind companies are still aHowed to put these goddam machines

near pesple's homas!

'
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A Methodology for Assessment of
Wind Turbine Noise Generation

' | The detailed analysis of a sevies of acoustic mewsurements taken neur several lorge
wind turbires (100 kW and abowe) hay identified the maximum aooustic energy i
N. B. Keliey heing concentrated in the low-frequency audible and sstbhaudinie ranges, usually fess
\ ther 100 Hx, These measurements have aiso shown any reported community ane
i . noyance ussociated with furbing operations hay often been relaied to the degree of
' R. R. Hemphill coherent impulsiveness present end the subseqirent harmanic coupling of acoustic
energy L rewidential sirvclurcs. Thux, one tochnigue lo assess the anitoyance
polential of u giver wind turbine design is o develop a method which quaniifies this
degree of impulsiveness or coherency in rhe radiated acoistic energy Spectrum
under @ wite range of operating conditions. Experience has ¢lso shown the presenze
of annoying conditions i§ kighly time dependent and rnoustationary, end, therefore,
any atlempts to quantlfy or at least class{fy wind furbine desigre in lerms of their
noise (nnoyante potential must be handied wilhin the proper probabilisic
Jromework, A tachiique is deseribed whick employs midtidimensionsl, joine
pruhabifity analyviy tv establish the expected coincidence of acoustic enerpy levels in
a contighous sequence of oclate Jrequency bonds which have been chosen becuuse
of thelr relationship lto common structurgl roonan! frequencies in residential
buildings, Evidence ix presented o justify the choice of these particulor bands,
Cumparisons of the acoustic performance and an estimale of the annoyance
potentlal of scveral large wind turbine designs using this technique & also discussed,

H. E. Mc Kenna

Selar Engrgy Ressarch tnstituto,
Gelcdan, Colo, 80401

3 kel

Introduction

Until the Tall of 1979, noise from large wind turbines had
not been o mojor concern. The sikmtion changed however us
the 2 MW, MOD-I twbine installed near Boone, North
Carollnm began to undergo a series of nperational ety which
resuited in @ number of sporadic and totally uncxpected nolye
cottplaiots from o few residents living within 3 km of the
instaNuiion. Since that tme, a consideruble effort hus been
undertaken by g qgumber of organizations who have studicd
the phenomeng to find out the cxact nature of the noisc
responsible for unnoying the neighbors, ily origin and
production mechanizm, ils propugation puth, aad whet could
bo done to elimingte or ot teast reduce it Lo below porceptiblz
levels. Soroe of the remults of those studies have been reported
previously [I].

To date, atoystically-related ananoyance from large wind
turbines has been confingd £ n dozen Samilics living within 3
km of the MOD-!. There have been o documenterd com-
plaints of noise the awtheor s aware of with any of the four
MOD-OA turbines currently opcrating, and two surveys of
the MOD-2 turbinc have failed to find a

ive n similar to the MOD-1 in tlv.'
measurcments taken 5o far [3, 4]. Some impulsive noisc has
beon detected in y recont survey of the 17-m Darricus/VAWT
I5]. The situation in Boonc, however, has been severs enpugh
to warrant 8 close cxamingtion of the details of the MOD-1

Coniributed by tho Salar Bnergy Divisloo sod preseniod at tho Sth Biepmisl
Wibd Bucrgy Confaonce asd Wodahap, Weshingtsas, D.C,, October 57,
1981, Manueript received by the Xolar Dnergy Divisine March 4, 1961

experience. The cauxal factors responstbie for the notse had to
b identified: this information would then be used to develop
4 methodology to assess the sanovance potentinl of other
wind turbine designs by measuring their acoustic radiaton
with reference to the MOD-1 datn,

Charxcteristics of Large Wittd Tarbine Notse

Figure 1 summerizes the acoustic pressure spectrum
associated with jlarge wind turbines and indicates the
dominafe noiss sources ad o function of frequency. Not all
wingd turbines will exhibit the featurcs of the spectzum shown,
‘The ultimate chuse of aerodyhamically generated zound i the
wngteady loading of the Sludes, The degree of thip un-
steadiness, for the most part, is rssponsiblc for the
distribution of acoustic encrgy across the spectrum of Fig, 1.

Conventional! classifications of rotor neise incluk
rotationl, broadbond or vortex, and impulse nolse
Rotatonul woise is charactarized by the lurge number of
discrete frequency bands which are harmonpically ralated 0
the blade passage frequency, The amplitude of these bands i$
determined by the sunt of the steady logsd, which is a function
of the commanded level of operation of the machine, and the
unsteady londing at any moment arising from such sources a8
inflow turbulcnce and upsirenm wakex, Broadband or vortex
nofise rexylts from the slightly viscous iotaracion of i
unsteady Kit and the blade boundsyy Layer and i responsibie
for such mechanisms as flow separation and tip-and traitieg
edge voriex shedding, Broadband noise, which is discribed 25
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| the “swishing" sound associated with the turbing operation,
| is characterized by largely incoherent radiation over a wide
| {frequeocy range with a spectral “‘hump™ somctimees found at
telatively high froquencics. Recent measurements of the
MOD-2 tyrbine have found just such a “bump* in the region

shown iy Fig, 1 ). In‘_lﬁlsivc' m‘.:iscj sych as has béen found
considersble engray., The dashed lines in ﬂ region trap-

|

|

| ng the rotatiotial aod broadband rogiony of the spee-
| trion in Fig. 1 are imdicative of impulsive bebavior asd reflect
|

the very lurge number of harmonics nocessary to describe the
blade louding spectrumm which are the soutees of the cadiation.
Impulsive noise tends 10 be the most annoying because it
derpinatey all other sources doo to 2 high dagres of coheronee
and radiation cfficlency. From Fig. 1, the highe, Tovels of
acoustic energy can be scen to reside in the low-froquency and
subaudible (<20 Hz) ranges in the form of discrete hands,
The presence of ghort period, wnsleudy blade loads will ine
trense the amount of discrete radistion in the higher
rotationy) harmonics, usually peaking in the 8=15 Hz range.

—>—

‘i T é T r

! Time (aoc}
Fig. 2 Prassure-ting plote of MOD-1 Imputss axcitation and intemat
31.5 Hy ocluve bamd progoure tovet (n frolse No. 3, Boona, N.C,

Low Frequency Sound. The low frequecy dominated
spectram of Fig, | i a vesylt of the low rotational speed of
wind turbimes 25 compared with other forms of lurbipe
moachinery. At the present time no adequate standard exists
for evaluating impulsive noise, particularly when the sound
energy is concentrated below 100 Hz. This gap is duc to our
limited knowledge of the Jea] e and the
physical prramctery involved with trapsient sounds which are
parcvived by humans as annoyance, As part of their program
{0 develop a proposl for wind turbine nouse criteria, the
psychoacousiics proup al the NASA Lunglcy Center has
performed & werics Of tests to cstublish the perception
threshold for low-frequency sudible, impulsive-type sounds.
Their results arereported in reference 111,

A Possibie Low Froquency Annoyance Mechanism

Duriog our Murch 1980 ficld measurament peogram at (he
MOD-1, we were very fortunate 1o oblain parmivsion from
fwo vary coopeorative families living near the machine (who
had a hixtory of complnints) to make a perics of detiled
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ueustic and vibration measurements ingide and outside of
their homes during turblne operations. in addition to the
physical mensurcmonts, we visited many of the other com-
plaining families and received a deseription of the anaoying
sounds, In scoamary, the complaints centered on the
following perceptions:

{N) the annayance was described as a periodic *‘thymping™
sound sccompunied by vibnitions;

(i) muny persons reported they could 'fecl” more than
hear the sounds;

(i) the sounds were louder aad more annoying inxide their
homes than out; pnd

(iv) some experivnesd the rattle of a loase gloss in picture
frames mounted on outside walls and smull objects such ax

1 100
Fraquency (Hrd

Fig. § Paak indoor sound prescurs lovels above oxisting backgrou
{By m 135 HD) tad . b nd

A5

- L3
@ @ ]
L 1 i

Enecgy Density Lavel {d8)

10 100

Froquency (Hz)
Fig, 8  Modasrate-to-srvam impLias percegtion exeitation

pirlll'umc boltlcs atop furniture making contact with an {nsid¢
wall,

In our visits to ot complaining bomes, we aiked in which
room the occupants belicved the sounds were the most af
nroying. Without fail, we wers xhown rooms which had at feaxl
onc window which faced tho tarbine, More often than not, 1h¢
room was 5 smaller onc, usually a bedroom,

Physical Measnrement Resalts. We were able to cbtaind
mange of stight to severe annoyancs [evels while recording
the conventional twe story, frame structure we have identificd

@0025/0037
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g3 houss #8, which it located about § km and 300 m below the

turbing. We alzq obtained n well-documented measurement of
threshold level perception stimull while recording in the
Jouble-wide, mobile home identified ax houss #7, which is
Jocated approximatcly the same distanes from the turbine and
|ess than 0.5 km [rom house #8. These two daty setz have
allowed us to compare the impulse excitation levels from both
iaside and outxide the homes. We aiso huve been fortunute to
eompare these low-frequensy impulsive measurements with
ohe invoiving a slowly varying, broadband source connected
with the operation of gas turbine peaking station.

Acoustics.  Wigurg 2 shows the external pressure excitation
of the radiuted impulse and the resuiting indoor pressure trace
in the 31.5 Hz octave lrequency bund. As can W scen, the
indoor impulse lasts for a period of over a second compured
with the individual impulses outside the house lasting lor only

45

35 -

25 4

15 5

Energy Denglty Lave! €d8)

-15

10 100

Fregquancy (Hz)
Fig.7 ‘Threwhaktlovel porception impula oxcitstion (B, s 1.25 Hy)

GROUNDWORKFAX

2 fow milliseconds. To compare the moderate annayance level
stimuli with the perception cuse, we analyzed the differzaces
between indoor and outdoor sound pressure levels and the
jevcls indoors as a functivn of the existing background, 'These
results are presented in ¥igs, 3 and 4. Figures 6 and 7 display
the ucouwstic energy density spectra of typleal individual
impulses striking the homes and invoking moderute-1o-sovers
annoyance and percoptible level roxponscs, respectively.
Figure 5 relales this data (o locul buckground,

Vibration, Figures 8 and 9 plot the frequenicy spectea of
the harizontal comporent of the Noor vibration under both
conditions of perceplion, 1n both cases, the sentitive axis of
the accelerometer wea parallcl to the major floor apport
members and in the direction towirds the wind turbine.
Fig\m: 10 plots the relative fransmissibility function for the
acoustic and vibration data which indicates the Icvel of
dynamic coupling between the mechxoical forcing of the floor
vibration gnd the room acouxtic pressure (i ficld. As is evident,
the horizontal Moor vibration is more highly coupled to the
pressure field in several frequency bamds (hun js the vertical
mode vibration. This is {n agroement with the low acceleration
levels measured in this orientation,

Comparison with g Non-mpuisive Fecitation. Bogause
the styong impulies ussotiated with the MOD-1 muy be
unique, and evidence from other turbines seems to indicate
that partistly cohevent sediazion may be much more common,
we needed to find a documented source of towfrequency
sound 1o compare with the racpsurements taken in Boong, We
were fortunate to obiiin s data ot connected with the
operation of a 100-MW gas turbine peaking station located in
Southwestern Oregon [6]. The complaints of several
hamcowners living ahout 3-5 km north and northenst of the
plant parglicled those of the Hoone residents, Figure {1
compares typical outdoor sound presyure speciva from the
two types of turbines. The characierisiic sound of the gas

turbme. which wi quused _by.Les0nags. inthe. cxbaust,

wm“, While the peak freqguencice of the two
spectra ure different, the levels are about the same at 12 Hz
Figure 12 replots the comparison with interior background of
Fig, 5 with the data frum ong of the homes near the peuking

stution added. This bome MES.‘!, gimilar sensations as the
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v il ible sound, ia the foeli

of a pressure wave, m:ensinu:sl vihmtions.l ele.

laterprotution of the Rowlty, The zepenicd rendencies for
beath the acoustio pressure ficld and the vibration data Lo show
disarcte peuky nt the same frequencies—the roam dynamic
averpressures shown in Fig, 3-and the strong resonanl
behavier of the indaor pressure ficld when exciled by an
externy] impulsive excitition, all point to a complex resonance
condition between the volume of uir W the rooms and the
vibration {disptacement) of the walls and floors surrounding
it. One of the finest sources of dutu on the structural dyngmics
of residentiatl buildings s 1 NASA Langley study authored hy
Carden and Mayes [7. Throupgh the use of sinusoidal ex-
citution and aireruft flyover and sonic boom hoisc, they
determinsd the characteristic responses of wpical frame
howuses appesred to be larpely independent of location and uge
due ro the stundardization of building codes which cull out
such design details as slud and beaw spacing, cte. They also
found, duec ro the construction similarities culied for by the

vode, the resonant frequencies assogiated with the structural
clemenls of most rmgcnn'al DUildmgs Tall WiTthin CHC Samme.
EEE E“l mglwauﬂﬁ ﬁﬁn_a_ on t!ie COnSiICHIon Ef_m!s o!

euch house,

The agoustic pressure ficld within 2 rpom of 2 howse is
dynamically controllod by () chinges in the shape of the roam
due to diaphragm action from interpal and external prewure
changes, (i) highcr mode resonunces in the walls and floors,
ity cavity oscillations (Helmholztype resonances) from nir
moving in and out of the room through a door or window,
and (fv) the resonaint modes of the volume of wir in the room
itseif. ‘The ranges of these resonances are plotled on the data
of ¥ig, | along with the factors concroliing stritclural mode
damping in other frequency ranges in Fig, 13, Table 1 listz the
various resonant meles measured und calculated from the
diragnsions of the two rgoms in the Boone homes.

From an exgrination of Figs. 3, 4, 5, &, znd ©, the peak
aooustic and vibration spectru indicate strong resonanees at
many of the frequenclies lisied in Table 1, purticularly 21 the 9
and 14 Hz diaphragm modes. Figure 14 presents an
illustration from [7] showing the relationship of theys modes
o the structural Teptures, From Lhe availuble data, we have
concluded the interpal pressure (eld in these rooms and the
howse in Oregon is being driven primarily through the
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Fig 11 Comparison of 100-MW gas and 296W wind twbine acousll
amilasiong

diuphragn action of the ontside walls facing the turbines, T
overshoot of the internal pressure levels cvident in Fig, 3
indicates a dynamic amplificalion is taking place and i
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eqaifying the low-frequency prossure fluctuations i the  varying, broagdband souress with similar ievels of sub-audibie
rooms, Audible sounds arc heard in the Boone homes and nol.  acoustic encrgy arc alse cupable of cansing annoyance to the
in the Qregon house duc to the higher wall/foor resonanees residents of exposed homes,
and room modes baing excited by the MOD-§ impulss encrgy
at 12. 25, and 50 Hz (Figs. 6 and 7). The audibility conchusion Humap Ferception.  Comparisons of Figs. 3, 4, 3, 8, and 9
tas besn drawn by comparing the above background levels  show the major difference in the acoustic energy distnibutions
with the NASA perception threshold criteria plotted in Figs, 5 between  the moderate unnovance peresition {thumping
ond 12 [1]. Thus the regults show the audibic sounds ane  sounds and vibration) and the threshold stimuli (a barely
conneeicd with morc impulsivetype excitation, but glowly disceraiblc thumping sound but no vibration) nppenrs Lo be
. the penk Ievel of submadibic enorgy present. The firt modes
of human buxly resonance (in the direction parallel to long
dimecnsion of u #tanding peraon) ocour at approximately 5, 12,
and [7-25 Hz {8}, The position of these froquencies with
cespact Lo the room resonant pressure felds i shown in Flg.
12. Some additional supporting evidencs for a semgitivity 1o
subaudihle sonnds is plotted in Fig, 15. This graph shows the
threshold/exposure time for continuous sound pressure levels
close to the peaks we have micasured (soe Fig. 4) around the

L,

g most seasitive ﬂ:aqumay of 12 Hz [9].
25
3 Resongut modes of roomes 1o houses 7 and B (Fiz)
i 5 Housc 7 House %
15+ O ———i—— — — —
& Dimenxigns () 3x3%21 36035024
E w?wwm 9,14,20,30,59,79  9,04,21,26,50,60,65
[}
Cavity cacillution ™4l w35
10 frequeny {door opent)
Room modec ippgueneics 36[100,010)* 42 100.010
T9[110] 8L 10)
s sa0tots) asitoL o]
To Frecuency (Hz) 100 ' 98I}
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Fig.12 Samo pa Fip, 5, with indoos meponss of Doms 10 gas nrbine In

°[ lsivethex.yznomal moder.

Unwefghted Sound Pressure Leve| (48)

h [ —

_ Octave Banda - 8= rbv—18—eje-31, 500~ 03 +|
Fragueticy {Hz)

filg. 13 Sama a3 Fig. 1, with structural, room, and humen body

ressnINces added
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which in turn are responsible for creating the jensation of 8

whole. loration, This on 15 more nbliccabic
s due 10 the 1ner | reverberation time @

OVETPreasy: rom the interacuon ocnL the Strudty

alr  volliioe _resohnnecs, From  the mchger il oroation

avalal am our searurements, we have cradely estimunted

the perception levels for the body retonance Froquenties as 60
dB for 5 He, 55 dB for 12 Er, and 4§ dB for the 17-25 Hz
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band, or +5, 0, and + 16 dB above the existing backgroung
Tor Lthe roapective frequencies. Such a PIOCEY: us PrOTosed
would explain the perceived unnoyance within homes when ng
pevceptable sounds could be hekrd outdoors,

Assessment Methodology

We have devized o tochnique by which the potential fop
comnunity annoyance from the low [requendy sound
radiatcd by large wind turbines may be cvaluated (rom
recordings or direct measarenents The method ailows for 5
dircet comparison of various turbine designs or rewrofits. The
approach is based on mensuring o parameter related to the
phase cohorence between the diserete frequency bamds preseny
in the neovstic encrgy spectra of wind turbines {see Figs. 6 and
7) and responsible For the level of annoyance perccived by
residenis izt both indoor and outdonr cnvironments.

The phusc coherence between discrete energy bands iy
determived by computing the joint grobability distributions
of bund sound pressurc Jevels in a series of conlizudus vCtave
frequency bands, Thete bunds, which include more than 90
pereent of the resonance-controlied froquency runge shown i
Fig. 13, consigt of the 8, 16, 31.5, and 63 Hz octaves. In order
to properly takc into sccount the nonstatiomary nature of
wind {urbine noisc, we have found it is nocessary to wse thy
time for ouc completc rotation of a bladc as the anulysi
period for the compunag of distributions.

The actual technique involves the use of g ¥00.lne
resolution spectrum anylyzer vnder the control of an external
computer. The unslyzer acquoires 3 time-gerigs  record
corrcxponding to (he desired analyrds pericd, trapsforms it
into a nasrowbard spoctrum, and then transfers this spectrom
to the computer for calaulation of the four octuve band levels,
The computer, using the method of bing, develops the donsity
functions using a $ dB incremont for the band combinations
®7\&), (16/31.5), (31.5/63), und the triple combination
(2/16/31.5). The results are then plotted as & series of surfaces
containing isopleths of equal joint probubility,

Figures 16~19 contain plots of the resnits of measured joine
soutid pressure distributions listed above, and a ploe reflecting
the triple combinntion und n conditional probability of an §
Hz band leve] of 70 8B or morc (Fig. 19). These distributions
have been derived from op-axis, below the cenierling
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400

meamrements ¥t g distunee of 1.5 rolor dia for the MOD-1,
the MOD-0OA at Clayton, Now Mexico, the unil #] MOD-2,
and the 17-m Darricus/VAWT sl Bushlend, Texns, Also
potled in Figs. 16-18 are the refersuce bagkground levels for
Bushland and the threthold perception levels messured
outside of house #7 in Boone. Unfortunaicly, the data fram
gach site werg pot rocorded under similar atmespheric con-
fitions. The MOD-{ data reprexent the most Severe xequence
of lmpulsive noise and the accompanying advers community
Feaction we have on tape and correiponds 1o A pevied late in
the cvening. The MOD-2 and MOD-OA surfaces were bascd
on a very limited sample taken in the aftergoon at both sites.
The VAWT data represents the distribution for o serics of
Measurements recorded right ut loval sunset when the maching
began to exhibit some impulsive noise characteristics,
#he reaplts of this anglysis indicate the following:

() The MOD-1 data represent a good mensure against
‘lnhxch to compare the acountic performanes of ofber turbines

-

550 W0 5.0 .0 7R %O

J1.5HZ BAND SPL/HZ (OR)
Fig. 18 3{.SEMHx band joint probabiifty distriostion

besnuse of the
record used to compute the distyibution,

(i) The shape of the distribytion appears to be related to o
spegific machine design,

(/i The acoustic prexsure patterns radisted from Jarge
wind lyrbines have a definiic structure 2 compared with the
natural, wind-indeced buckground (a3 is shown by Fig. 19 in
particulur) with the radiztion from downmwind HAWT sup-
ported by trums-type towers aand the Darricun/VAWT
cxhibiting the sxnximum stepctural detadl,

fiv) T imporiance of the existiog beckground on the
detection of turbine nolse is graphically illustrated in the
comparjson of the Bushiangd background distribution and that
associgtcd with the threshold perccption in Boone which
indicates this would not be heard in Bushiand.

(v) An interpretaton of Figs. 16-19 indicotes if the peak
coherent radiation from a wind turtine can be held
simultansously at or below 55-65 and 45-35 dB band pressure

associated with (he
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levels in the § and 16 Hz octive bands and ander 35-45 dB in
the 31,5 and 63 Hz bands at a distance of 1.5 rotor dia, the
prabability of community annoyance from low-Traquency
turbine zounds appears remote even under the guictest
background conditions.

Conclpsions

$n this paper we have presented cvidance to support the
hypothesis thut oie of Lie oujor cuusal sgents responsible {or
the annoyance of uearby residents by wind turbine noise is the
excitarion of highly resonant structura] and air volume modes
by chie coliereat, low frequeacy souud racdisted by lirge wind
turbiney. W

found j

bady mommucs at §, 12, and 17-25 % resulﬁnﬂ i a Kefl-
sation ol whole- vibfation, a NAoors
nsociated with the IMpUBIVE sxcitubion of the structure
appesr 1o be duc to the coupling of energy from the higher
fraquency discrete bands in the impulse to higher fraquency
room resenances related (o the air volume itsclf.

We have deseribed a turbine moise evaluation technmique
which, in effect, measures the degrec of coherence in the
acouetic radiztion being cmitted from a given turbing undor
existing atmpspheric conditions. The npproach is based on
computing the Joint probability distributions of the band
pressure levels in o seriex of dctave frequency bands which are
knowa to crcompass the very lightly damped, structural
resonanees in typical housing construction in the 1.8, The
results of the analysis for 3 range of wind turbine designs has
shown the MOR-1 to be capable of producing the highest
coherent band pressune levels, but the Darrisus/VAWT s

capablie of the highest probability of coherence over 4 much
narrower range of band pressure levels.
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The Reallty

| Consumer Prices

Wind energy is expensive and costs
more than other sources of electrteily.

Wind power is the lowost eost of new genaration; twenty
year power contracts provide long-term level power costs,
No fuel cost; no foel transportation costs. Aging cosl fleet
is being decommitssioned: will impact consumer prices
upward.

Wind is intermittent; therefore, it Grid oparators akeady rely on wind power and
threatens the reilabllity of the efectric | successfully integrate it in lange amounts across the US
grid. power grid. Over 60,000 MW of wind energy |s currently

on the US grid (roughly powers 45,000,000 homes).

“The sound of operating wind turbines
causes a variety of haalth effects,

independent studias conducted workdwide have
conzistently found that wind farms have no direct impact

are bothersome and Qduse negative
health effects.

inchuding dizriness, headaches, and on physical health. Sound levels are modeled during
loss of sleep. development to avoid post-operational issues.
The shadows of rotating wind turbines | Shadow Sicker I5 predictable snd is bazed on the sun’s

angle, turbine location, and the distance 0 an
observer. Fliicker ik modeled during dewelopment to
minimize and migfiistion measures arc aveliable.

v ——

Turbines often catch fire and whan

g&wmmwmmm

A wind turbine fin is 2 vary rare event. Turbines are
glasaly monimmrd 7417 InT 3 nnarsting lneroineasise
txtensive precautions are taleen, includl

ng emergency &
first responder training.

Wind anergy acoounted for 42% of sll new energy
instlition In 207.2. The project arca may 3ppéar to
spread auross a lange arme, however, the infrastructure
requires iinte land. Wind energy ls compatitite with
agricuitural activities: fermars can plant up to the turbine
base and fivestock enjoy the shade in summer.

Wind farms. hurt property values.

Srudies have foand that wind facilities do not affect long.
term property values. Wind drives community #conomic
developrvent that bavefits sil progerty cemers through
the tax revenves paid annually.

Wind power does ROt redute carbon
and may even contribvte to climate
change.

Wind power has Ao carbon emissions and emits ng
poliutants or greenhouse gases. Wind power does nat use|
2y water 3nd dORs NOt CONTIIDUTE 1O waber

ontamination. No energy expendad 10 extract fuel.

Old turbines are left dbandoned,

History shows that olid tiurbines are repowered with
newer tezhnology. Curment wind peactices require 2 bond
be posted to protect landowners and commuynity; in
addition, turbines have 3 high salvage value,

Renevwable anergy s subsidized
higher rates than fossh fuels

Foasd} fueks recieived about five times more In subsidies
than renewable cnorgy. Wind’s primary incentive Is
the Prduct Tax Credit, o performance basedd
inentive.

v e —

Wind turtines are killing birts, bats
and cagles at an slarming fate,

Wind genurates slectricity without many of the
environmental impacts associated with other energy
souross and is supported by wildife agencies. Newer
shting requirements snd techniques continue to reduce
wildiife {mpacts,
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Lam a physicin and =ccnng iy expevitse hes m clicad

and envitonmental ouitters W Serther o not wind Proves 1o

bea viabic source ol power, i as absolurely crgoennial tha
windmulis nor be sied any choser than 120 pules (2 kit fiom

proples homes oramowhere dse people regularh congsosny,

(Hrhaa s ase also a problem e motortsts with scizore and
mizraine disorders and medon seasuivie, from the hope

spintng biades and Iindsaape sweepmy shadow Hicker )

Feorader o 125 mile set-back @ moimuan figore. Tn hilly

or mauntanens topowaphics, where valievs act as sl

channels tor narse, this 123 mike ser-back should e exienddd

amvwicre from 223 mides from hones,

Letme be cears There s nothine, abaoluely nothimy, ia the

wind vnergy proposisen thac savowindnlls mivest be vred nexe

door o people’s hames Sinng, alter all

i :

1sihe ooy oF the e

Trresponsib Hng s what mosr of the uproar s hout.

Corporate cecononmics tavors bniding swind wirhines m people's

Pul

backvards: sound clinical medicing, however. does not.

B

Nina Prerpone MDD, DPhiD

Pelloms o the \nserican Aerdery of Pediaries
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