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The Truth About Wind Power 

Consumer PrtcK . 
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The Rhetoric 
Wind energy is expensive and costs 
more than other sources of electric 

Wind is intermittent; therefore^^t 
threateiwgjfijsHabiiity oHJie 

Ttie sound of operating wind turiiines 
causes a variety of health effects, 
including dizziness, headaches, and 
loss of sleep. / 

The shadows of rotatingwindp«uines 
am bothersome and ^jjsrfiegattve 

The Reality 
Wind power is the lowest cost of new generation; twenty 
year power contracts pravide long-term li^vel power costs 
No fuel cost; no fuel transportation costs. Aging coal fleet 
is being detommissioned; will impact consumer prices 
upward. 

Grid operators already rely on wind power and 
successhifly integrate it in large amounts across the US 
power grid. Over 60,000 MW of wind e n e i ^ is currently 
on the US grid (roughly powers 45,000,000 homes}. 

Independent studies conducted wortdwide have 
lonsistently found that wind farms have no direct impact 
on physical health. Sound levels are modeled during 
development to avoid post-operational issues. 
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Old Turbines 

Energy Incentives 

Wildlife 

^ir \ \ \ 

Turbines often catch fire and when 
diey do they send flaming sfiards into 
fields and forests-

Wind t^ces too much land to make 
much of the nation's energy. 

VWnd power does not reduce carfilm-, 
and may even contribute to dimate 
change. 

Old turbines are left abandoned. 

Renewable energy is subsidized at 
higher rates ttian fossil fue(s 

Wind turbines are IttHing birds, bats 
and eagles at an alarming rate. 

Shadow^icfcer Is predictable and is based on the sun's 
angle, turbine location, and the distance to an 
observer. Flidcer is modeled during deveiopment to 
niinimfze and m i c t i o n measures are available. 

A wind turbine ftre is a very rare event. Turbines are 
closely monitored 24/7 for any operating inconsistencies. 
Extensive precautions are tal^n. Including emergency & 
first responder training. 

Wind energy accounted for A2% of all new energy 
installation in 2012. The projea area may appear to 
spread across a large area, however, the inftBStructure 
requires little land. Wind energy is compatible with 
agricultural activities; farmers can plant up tothe turbine^ 

tock enjoy the shade in summer. 

studies have found that wind ^ditties do not affect long-
term property values. Wind drives communrty economic 
development that benefits all property owners through 
the tax revenues paid annually. 

JAfind power has no ^"rj jqp pm^wtrW^nrtcamttg no 

pollutants or greenhouse gases. Wind power does not use 
any water and does not contribute to water 
contamination. No energy expended to extract fuel. 

History shows that old turbines are repowered with 
newer technology. Current wind practices require a bond 
be posted to protect landowners and community; in 
addition, turbines have a high salvage value. 

Fossil fuels received about five times more in subsidies 
than renewable errergy- Wind's primary incentive is 
the Product Tax Credit, a performance fyased 
incentive. 

Wind generates electricity without many of the 
environmental impacts associated with other energy 
sources and is supported by vwtdlife agenct<>s. Newer 
sitjng requirements and tediniques continue to reduce 
wildlife impacts. 
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a'13/201|4 Wind Turbine Syixlrome I Wind Turbine Syndrome was being documented in science journ^s in the late 70s, early 80s (U.S. Dept. d Energy) 

wjindicurbinesyndromG.com 

http://vvww.windturbinesyndroriie.corri/2013/wind-turbine-syndrome-was-being-documented-in-science-jou^^ 

ZOs-eiarly-SOs-u-s-dept-of-energy/ 

6l 

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

Editor's 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 
argup for the hilarious "nocebo effect" as the cause 
of Wifid Turbine Syndronne, ought to be 
horsewhipped. 

For ititurns out that researchers were reporting and 
analyzing WTS decades ago, in the late 1970s and 
early ;1980s—because the poor saps living within 3 
km of wind turbines were complaining of the same 
symptoms away back then! 

HorsQwhiipped or tarred and feathered? And 
definitely stripped of their professional credentials! 
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8/13/20i4 Wind Turbine S>n<i"ome | Wind Turbine Syidrome was being documented in science journals in the iat© 70s, early eos (U.S. Dept of Energy) 

Compare 
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acoustic and vibration measurements inside and outside of 
their homes during turbine operations, in acraTTion lo ihe 
physical measurements, we visited many of the other com­
plaining families and received a description of the annoying 
sounds. In summary, the complaints centered on the 
following perceptions: 

(0 the annoyance was described as a periodic "thumping" 
sound accompanied by vibrations; 

(//) many persons reported they could **feer' more than 
hear the sounds; 

(iii) the sounds were louder and more annoying inside their 
homes than out; and 

(iv) some experienced the rattle of a loose glass in pieture 
frames mounted on outside walls and small objects such as 

114/Vol. 104, MAY 1982 
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Wind Turbine Syndrome | IMedical doctor sees Wind Turbine Syndrome in liis patients (V.,. Page 1 of 4 

J4(.; windturbinesyndrome.com hitp://ivww.windtufCjnesyndrome.com/201 rt/medicai-docior-sees-wind-lurOitie-synciroine-i'i-hiE-paiienis uenriont/ 

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

"Wind Turbine Noise & Adverse Health Effects" 

iestinony before Ihe Vermont Public Service Board (PSB) 7/29/14^ 

,. — by Sandy Reider. MD 

My ngme is Sandy Reider, I am a primary.Gare physiciaii in Lyndonville, and I have been praclicmg clinical 
medicine in Vermont since I received my license in 1971.' (Or, Reider is a graduate of ttie Harvard 
Oniversity School of Medicine — Editor )• 

In the interest of full disclosure, I am not being paid for involvement m this issue, nor did I seek ihis out; 
rather, it found me by way of a patient 1 had l^nown v^ell for several years, and who. in late 2011, suddenly 
developed severe insomnia, anxiety, headaches, ringing ears, difficulty concentrating, and frequent 
nausea, seemingly out ot the blue. This puzzled us both for a few months before we finally came to 
understand inal he suffered from what was, then, a relaiively new clinical entity known as "wind turbine 
syndrome", related in his particular case Io the comparatively small NPS 100 KW turbine that began 
generating power atop Burke Mountain in the fall of 2011. 

In the course of the 2012 legislative session, I described this patient in detail in testimony for the Senate 
Natural Resources and Health Care Committees, as well as the Governor's Siting Commission Since his 
symptoms were so typical and similar to those described by thousands of other individuals living loo close 
to large wind turbines all over the globe. I have attached my testimony for the Senate Health Care 
Committee and encourage you to review it for its very characteristic description of what it is that this board. 
I trust, hopes to mitigate by recommending more protective sound standards for these industrial wmd 
instatlalions. 

1 should add that I have seen 4 additional patients living close to the large Sheffield and Lowell pro|ects. as well as an individual living near <.-inoiner smglo 
NPS 100KW turbine in Vergennes All presented with similar, though not identical, symptoms to those described in my lesiimony 

Thai lliere have already been so many complaints here in Vermont related to wind turbines suggests that the current noise standards may De inadequate 
Either the utilities have been regularly out of compliance with the current existing standards {Shirley Nelson's detailed daily records suggest this has indeed 
occurred with some regularity) and/or that the scientific daia and studies upon which the current noise standards are based is incomplete or possibly jusi 
plain wrong. 

Over tlie past 2 years I have reviewed much of the relevant scientific literature, and out of my -42 years of experience and perspective as a clinician, 
respectfully offer the following observations and comments 

F^stly, I do not doubt at all that these large turbines can and do cause serious health problems^in a significant number of persons living nearby, even though 
the vibrational-acoustic mechanisms behind this harm are not yet completely understood (1,5) Repetitive sleep disruption'is the most often ciled adverse 
effect, and disturbed sleep and its resulting stress over time is known to cause or exacerbate cardiovascular illnesses (2. ), chronic anxiety and depression, 
as wet as worsening of other pre-existing medical problems. This is especially corice_rriing for the most vulnerable among us — children, the elderly, those; 
who are naturally sensitive to sound, or prone to motion sickness or migraine headaches, and. as mentioned, those who are unwell to start with. 

The position adopted by developers of large industrial wind projects, and thus far supported by regulatory and health agencies, has been that there is no 
evidence of a direct effect on healtti from wind turbines; rattier, that the ciaimed adverse health effects are indirect, due mainly to the individual s negative 
attitude about the wind turbines (so-called "nocebo" effect), and therefore it is their fault, ifs all m their heads, and so on. Not only is this incorrect, it is 
disingenuous. There is simply no clinical justification for ignoring harm being done to individuals and commumlies. whether direct or indirect on these 
grbunds — simply put, harm is harm, whatever the mechanism. 

However, good evidence for direct adverse effects has existed since the mid-80s when Neil Kelley headed a group ol researches, under the auspices of ihe 
tJS DeDarlmeni of Energy and NASA, and found conclusive evidence ihar adverse effects, very similar lo those ihat describe "wincl turbine syndrome' were 
due phmarily to very low frequency sound and inaudible infrasound (6) This role of infrasound was subsequently confirmed by Kelleys icani under controlled 
laboratory conditions, and resulted in a complete redesign of lurbmes from ine downwind trestle-mounted turbines to today s upwind turbine on a single 
massive tower Furthermore, he recommended protective maximum levels of this low frequency sound 

The pint radiation levels (expressed m terms of acoustic intensity and measured external to o structure) m the 8. 16. 31 ^ and 63 Hz standard 
(ISO) octaves should not exceed t)and intensity threshold limits of 60, 50, 40 and 40 dB (re 1 pWm-2) more than 20% of the time-
Ttiese figures compare favorably with a summary of low-freQuency annoyance situations i}y Hubbard 

(ll.is wcjrtn noting thai very often infrasound levels are higher inside a building than outside, the structure acting as a resonating chamber and amplifying the 
lower 'vibration" frequencies. Thus measurements for low frequency sound should be made inside the structure as well as outside. Also, low frequency 
sound levels are not only building design and geometry specific, but also site specific, especially in a place like Vermont where the topography and climactic 
conditions are so variable. There may be unacceptable indoor infrasound levels in one home, while another home over the hill may have undetectable or very 
low levels.) 
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Wind Turbine Syndrome | Medical doctor sees Wind I'urbine Syndrome in his patients (V... Page 2 of 4 

The w i rd industry's assertion tha i the Kelley study is irrelevant and that infrasound levels are negligible with the current, newer turbine design and may be 

ignored is unfounded, and more recent ev idence conf i rms this [See the 2012 Falmouth study by Ambrose and Rand; Bob Thome's excellent quality of life 

stLidy ir 2011 [12], Steven Cooper 's prel iminary results m Austral ia, final results due in September 201*1 [11). and ofhers.) 

The a i cemen i i oned studies were performed by independent professional acousticians not connecied to the w ind industry Incidentally, ihe severely affected 

patient described m my ;^0i2 testimony never did perceive any audible noise from the lurbme (and this is quite typical, the sound is more felt than heard), nor 

did he harbor any (eelmgs pro or con about Ihe insiaNalion when his problems began Ihough after he unders tood the source of his i l l-heallh. I have no doubt 

that the •nocebo" effect may have added Io his stress adding msult Io mjury He has since abandoned thai home, and is once again sleeping soundly and 

feeling //ell 

The cuireni sound standards, based as Ihey are on dBA weighted acoustic measurements, gives particular weight to audible frequencies m the soundscape. 

but ver i ' little or no weigh! to low sound i requencies and infrasound, particularly below 10 Hz. which compr ises a signif icant proport ion of Ihe sound 

g e n c r a e d by largo lurbmes f^eople do not hear dl3A. ihey hear qualitatively differeni sounds, birds, insects, running water, wind in the trees, elc Basing 

noise c'l leria solely on this single number ignores the unique nature of the sound produced by large wind turbines, with its constantly changing loudness, 

frequency, harmonics, pilch and impulsive qual i ly 

11 IS precisely these qualities that make the sound feel so intrusive and annoymg, especially in quiet rural env i ronments where these projects are usually 

locaied (12) Parenthetically, the word • 'annoying" is somewhat misleading, as it implies a minor, temporary, or occasional nuisance that perhaps might be 

moslly ignored, rather Ihan what it is. a repetit ive stressor that can degrade one's short and long term health and wel l being, and from which there is no 

escape over the lifetime of the project short of having to abandon one's home-

It IS worth repeating here that the current Public Service Board threshold of 45 dBA of audible sound, averaged over an hour, has never been proven safe or 

prolccl ve. and that most studies agree thai audible sound should not exceed 35 dl3A, or 5dBA above normal background sound levels. {This is especially 

important in rural areas where background noise is minimal.) The level should be a maximum, not an hourly average. Above 35 dBA there are likely to be 

signi'iC'^ntly more complaints, particularly difficulty sleeping 
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Before concluding, l would like lo emphas ise that Ihe bulk of scientific evidence tor adverse heal lh effects due lo industr ial wind installations comes in the 

form of ihousands of case reports like Ihe patient I descr ibed. One or iwo sporadic anecdotal cases can legit imately be v iewed with a wait-and-see 

sl^eplicism, bul nol thousands where the symptoms are so similar, along with the ease of observing exposure and me'asuring outcomes, wherever these 

projects have been buiH 1 agree with Epidemiologist Carl F-'hillips. who opined thai "Ihese case reports taken together offer the most compell ing scientific 

evidence of serious.harm Just because the prevail ing models have failed to explain observed adverse heal lh effects does not mean they do not exist", and. 

as he succinctly Ihcuoli m my opinion a bil too harshly concluded The attempts to deny the evidence cannot be seen as honest scientific disagreemeni 

and rcDresenl either gross incompetence or intentional bias' (131 

I am aware that Ihe members of the PSB bear a he^vy responsibi l i ty lor Ve rmon l s overall energy future and have many other issues on their plate besides 

this one Rather than presenting you with a long list of l i lerature references, most of which would likely go unread (but they are included just in case ), I 

recom-nend a careful review of just one study in particular Bob Thome, a professional acoustician in Austral ia, presented an excellent and well thought-out 

d in ica study io the Australian Senate in 2011 (12). It really does cover the waterfront, including W H O quality of life measures, audible and infrasound 

rneasLrements, and health measures, in a balanced and scientific way. For your convenience there is a hard copy of this study included with my presentation 

Iqday 

His comprehensive {including Ihe ful l 'sound spect rum, not only dBA weighted sound) and protective recommendat ions for sound critena are reasonable, and 

if adopted, would be likely more acceptable to neighboring households and communit ies However, g iven that w ind developers are these days building bigger 

turbines atop taller towers m order to max imize power generat ion and profits, adoption of these safer l imits wou ld necessi tate sit ing the installations farther 

Irom dwell ings A 1-2 km setback is not nearly sufficient; significant low frequency sound pressure measurements have been recorded in homes 3-6 miles' 

from large projects in Australia. 
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The outcomes of the study are concerned with Ihe poienlial for adverse health effects due lo wina farm modified audible una low frequency 
sound and infrasound The study confirms that the logging of sound levels without a detailed knowledge of what the sound levels relate to 
renders Ihe data uncertain in nature and content. Observation is needed lo confirm the character of the sound being recorded Sound 
recordings are needed to confirm the character of ihe sound being recorded 

The measures of wind turbine noise exposure that the study has identified as being acoustical markers for excessive noise and known nsk of 
senous harm to heallh (significant adverse health effects) 

(1) Criierior) An LAeq or 'F' sound level ol 32 dB(A) or above over any 10 minute interval, outside: 
(2) Criterion An LAeQ or 'F' sound level of 22 dB(A) or above over any 10 minute inten/al inside a dwelling with windows open or closed 
(3) Criterion: f\/leasured sound levels shall not exhibit unreasonable or excessive modulation ('fluctuation') 

(4} Cnlerion. An audible sound teve/ is modutaling wfien measured by tite A-weigNed LAQQ or 'F' (ime-weighUng at 8 to 10 discrete 
samples/second and (a) Ihe amplitude ot peak to trough variation or (b) if the third octave or narrow band charactehstics exhibit a peak lo 
trough variation that exceeds the following critena on a regularly varying basis' 2dB exceedance is negligible. lOB exceedance is 
unreasonable and 6d8 exceedance is excessive 
(5) Criterion A low frequency sound and infrasound is modulating when measured by the Z- weighted LZeq or 7-' time-weignung at S lo 10 
discrete samples/second and (a) the amplitude of peak lo nough vanauon oi (b) if ihe ihird octave or narrow band charactensucs exiiibii a 
peak lo trough variation Ihal exceeds the following critena on a regularly varying basis 2dB exceedance is negligible. idB e'ceedancc is 
unreasonable and 6d8 exceedance is excessive 
(6) Definitions 'LAeq' means Ihe A-weighted eguivateni-contmuous sound pressure level f iBj f- lime-weighimg has Ihe meaning under IBC 
61672-1 and I18j' "regularly varying" is where Ihe sound exceeds the criterion for 10% or more of Ihe measurement time interval [181 of 10 
minutes: and Z-weightmg has Ihe meaning under AS ll-C 61672 l with a lower limit of 0 5IU 
(7) Approval authorities and regulators should sel wind farm noise compliance levels ol Icasi 5 dB(A) below the sound levels m cnlenon (1) 
and criterion (2) above The compliance levels then become the crnena for unreasonable noise 

tvleasures (1-6) above are appropriate for a "noise" assessment by visual display and level comparison Investigation of health effects and the 
complex nature of wind turbine noise require the more detailed perceptual measures of sound character such as audibility, loudness 
fluctuation strength, and dissonance 

Toiexcliide careful independent well-designed case studies like Thome's ( and others ) m a review of the scientific literature that purports to be thorough is, I 
repeat, a serious omission and is nol 'scientific" Careful consideration of these independent well done studies, if nothing else, should encourage regulatory 
agencies to adopt a much more precautionary approach to the siting of today's very big industrial wind projects in order to adequately protect public heallh 

For better or worse, in today's "information age" we are perhaps too fascinated by computers and mountains of data, but truth is truth wherever you find it,' 
even in small places 

Co,ntact 

Sancy Reider, MO 
. POeoxlO 

East Burke. VT 05832 
(802; 626-6007 
sandy'reider@yahoo com 

'Many manks lo Dr Sarah Laurie, C t O of the Waubra Foundaiion, for her tireless work and generosity m sharing so much information. 
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> ^ NINA PIERPONI M.D. PH.D. 

June 30, 2014 

Ms. Esen Fatma Kabadayi -Whi t ing 

Cesme Belediyesi (Municipal i ty) 

inonu Main. 2001 Sk. No : 2 Qe^me / IZMIR 

Turl<ey 

Dear Ms. Kabaday i -Whi t ing, 

I wn'te TO you at the request of Madeleine Kura, who tells me the charming, historical 

town of Cesme is about to have half a dozen 3 M W industrial w ind turbines bui l t on the 

edge of t own , a mere 500 m from people's homes. (I'm to ld that at least one of the 

turbines wil l be 300 m from a school.) Furthermore, all this construct ion wil l be in hilly 

terrain. 

Let me explain, clinically, why this is a bad idea. In 2009 1 pub l ished what was then the 

defini t ive study of health effects caused by wind turbine infrasound on peop le l iving 

within 2 km of industr ial turbines. The book, "Wind Turbine Syndrome: A Report on a 

Natural Exper iment" (K-Selected Books), included 60 pages of raw data in the form of 

case histories (using case cross-over studies), demonstrat ing that l iving in prox imi ty to 

wind turbines dys-regulates the inner ear vestibular organs contro l l ing balance, posi t ion, 

and spatial awareness. Effectively, sufferers experience symptoms of sea-sickness, a long 

wi th several related pathologies. 

It turns out all this has been well known since the 1980s, when the US D e p a n m e n t of 

Energy commiss ioned a report on wind turbine health effects • - the r e p o a subsequent ly 

publ ished by physicist Dr. N D Kelley and his colleagues at the Solar Research Institute m 

Go lden , Co lorado, bear ing the tit le, "A Methodo logy for Assessment of W i n d Turbine 

Noise Genera t ion , " Trarisactlons of the American Society o f Mechanica l Engineers, v. 

104 (May 1982), p p . 112-120. 

(n this paper we have presented evidence to support the hypothesis that or\e of the major 

causal agents responsible for the annoyance of nearby residents by wind turbine noise is 

the exciiLation of highly resonant structural and air volume nnodes by the coherent, low-

frequency sound radiated by large wind turbines. 

> : 
19 Cloy Street 
Malone, New York 12953 

ph l fox (513) 483 6481 

www.niriQpierpont.com 
pierponl@h*vcny. rr.com 

http://www.niriQpierpont.com
http://rr.com
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Further, there is evidence that the strong resonances found in the acoustic pressure field 
within rooms [in people's homes] .. indicates a coupling of sub-audible energy [infrasound! 
to human body resonances at 5, 12, and 17-25 Hj, resulting in a sensation of whole-body 
vibration (p, 120). 

I d iscovered the same thing in my research. What Kelly et al. refer to as a "sensat ion of 

who le-body v ib ra t ion . " I refer to as Visceral Vibratory Vestibular Disturbance (VWD) : 

"The internal qu iver ing, v ibrat ion, or pulsation and the associated comp lex of agi tat ion, 

anxiety, alarm, irritabil ity, tachycardia, nausea, and sleep disturbance toge the r make up 

what 1 refer to as Visceral Vibratory Vestibular Disturbance ( V W D ) " ( "Wind Turbine 

Syndron-ie," p. b9). 

f i ve years later. Or. Kelley gave a fol low-up paper at the W indpower '87 Conference & 

E.xposition in San Francisco, t i t led "A Proposed Metr ic for Assessing the Potential of 

Communi ty Annoyance from Wind Turbine Low-Frequency Noise Emissions." Just so 

you understand the terminology, "emissions" means "noise 8: v ib ra t ion . " A n d the term 

" low f requency" includes infrasound. And the antiseptic phrase " commun i t y 

annoyance" is code for Wind Turbine Syndrome — except the name had no t been 

c:oined i n l 9 8 7 . (I created it decades later.) Kelley's research once again had been 

funded by the US Depar tment of Energy, Contract No. DE-AC02-83CH10093. 

We electronically simulated three interior environments resulting from low-frequency 

acoustical loads radiated from both individual turbines and groups of upwind and 

downwind turbines. . . . 

Experience with wind turbines has shown that it is possible . . . for low-frequency acoustic 
noise radiated from tho turbine rotor to interact with residential structures of nearby 
communities and annoy the occupants. , . 

The modern wind turbme radiates its peak sound power (energy) m the very low frequency 

range, typically between 1 and lOHz[i,e., infrasound!.. . . 

Our experience with the low-frequency noise emissions from a single, 2 MW MOD-1 wind 
turbine demonstrated that . . . il was possible to cause annoyance within homes in the 
surrounding community with relatively low levels of LF-range [low frequency range] acoustic 
noise. An extensive investigation o( the MOD-1 situation revealed that this annoyance was 
the result of a coupling of the turbine's impulsive low-frequency acoustic energy into the 
structures of some of the surrounding homes. This often created an annoyance environment 
that was frequently confined to withm the home itself {p. 1, emphasis in original). 

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

Besides my research, which pretty much duplicates Kelley's, there is the work of Dr. Alec 

Salt, Professor of O to la ryngo logy in the School of Medic ine at Wash ing ton University (St. 

l.ouis, Missouri), v^here he is director of the Cochlear Fluids Research Laboratory. 
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Given the knowledge that the ear responds to low frequency sounds and infrasound, we 

knew that comparisons with benign sources were invalid snd the logic to A-weight sound 
measurements was deeply flawed scientifically.... 

From this understanding we conclude ihat very low frequency sounds and infrasound, at 
levels well below those that are heard, readily stimulate the cochlea. Low frequency sounds 
and nfrasound from wmd turbines can therefore stimulate the ear at levels well below those 
thai are heard. . -

No one has ever evaluated whether tympanostomy tubes ailevale the symptoms of those 

living near wind turbines, f rom the patient's perspective, this may be preferable to moving 

out of theif homes or using medical treatments for vertigo, nausea, and/or sleep 

disturbance. Tlie results of such treatment, whether positive, negative, would likely have 

considerable scientific influence on the wmd turbine noise debate,.., 

Anotfier concern that must be dealt with is the development of wind turbine noise 
measurements that have clinical relevance. The use of A-weighting must be reassessed as it 
is based on insensitive, inner Hair Cell (IHC}-mediated hearing and grossly misrepresents 
inner ear stimulation generated by the noise. In the scientific domain, A-weighting sound 
measurements would be unacceptable when many elements of the ear exhibit a higher 
sensitivity than hearing. The wind industry should be held to the same high standards. Full-
spectrum monitoring, which has been adopted in some reports, is essent ia l . . . . 

Given the present evidence, it seems risky at best to continue the current gamble that 
infrasound stimulation of the ear stays confined to the ear and has no other effects on the 
body. For this to be true, al' the mechanisms we have outlined (low frequency-induced 
amplitude modulat ion, low frequency sound-induced endolymph volume changes, 
infrasound stimulation of type II afferent nerves, infrasound exacerbation of noise-induced 
damage and direct infrasound stimulation of vestibular organs) would have to be 
insignificant. We know this is highly iinlitsely and we anticipate novel findings m the coming 
years that will influence the debate. 

1 suspect you are beg inn ing to get a clear picture of the p rob lem — and why I'm wri t ing 

to you. 

The typical symptoms of what is now known wor ldwide as W i n d Turbine Syndrome are: 

sleep disturbance, headache, tinnitus (ringing or buzzing in the ears), ear pressure, 

dizziness (a general term that includes vert igo, l lght-headedness, sensation of almost 

fainting, etc.), nausea, visual blurr ing, tachycardia (rapid heart rate), irritabil ity, p rob lems 

with concentrat ion and memory, and panic episodes associated wi th sensations of 

intertial pulsat ion or quiver ing which arise when awake or asleep. 

Does everybody l iving near wind turbines experience W m d Turbine 'Syndrome? By no 

means! What 1 d iscovered is that people with (a) mot ion sensitivity, (b) migra ine disorder, 

(c) the elderiy (50 years and older), (d) inner ear damage, and (e) autistic chi ldren and 

adults — all these are at statistically significant high risk. 
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Professor Salt is a highly respected neuro-physiologist specializing in inner ear disorders 

and in part icular the mysteries of the cochlea. 

Prof. Salt's research dovetai ls with mine and with Dc. Kelley's. For many years, 

acousticians and noise engineers have vigorously maintained that " i f you can' t hear it, it 

can't hurt y o u , " That is to say in the case of wind turbines, "If you can' t hear the low-

frequency noise in the infrasound range, it can't hurt you . " ( infrasound, by def in i t ion, is 

noise be low the hear ing threshold, typically pegged at 20 Hz and lower. People fee' 

infrasound in various parts of the body, though typically they cannot hear it.) In any case. 

Professor Salt and his col leagues have demonstrated conclusively, definit ively, that 

infrasound does in fact d is turb the very fine hair cells of the cochlea. 

With this discovery, one of the main arguments advanced by the w ind energy industry — 

namely, that w ind turbine infrasound was too low to be harmful to peop le , since they 

cou ld not hear it — was demol ished. Prof. Salt has proven that, "If you cai i ' t hear i l , it 

can still harm you . " 

This past winter. Professor Salt and his col league. Professor Lichtenhan, pub l ished "Flow 

Does W i n d Turbine Noise Affect f^eople?" Acoustics Today, v. 10 (Winter 2014), pp . 

20-28. The fo l lowing Is a lengthy excerpt: 

The essence of the current debate is that on one hand you have the well-funded wmd 
industry (1) advocating that infrasound be ignored because the measured levels are below 
the threshold of human hearing, allowing noise levels to be adequately documented 
t h r o u g h A - w e i g h r e d s o u n d measurements ; (2) d ismiss ing the poss ib i l i t y that any var iants of 

wind turbine syndrome exist (Pierpont 2009) even when physicians (e.g., Steven D. Rauch, 
M.D. at Harvard Medical School) cannot otherwise explain some patients' symptoms; and (3) 
arguing that it is unnecessary to separate wind turbines and homes based on prevail ng 
sound levels. 

On the other hand, you have many people who claim to be so distressed by the oflects of 
wind turbine noise that they cannot tolerate living in their homes. Some move away, either at 
f inancia l loss or b o u g h t - o u l by the tu rb ine operators . O the rs l ive w i th the d i s c o m f o r t , o f ten 

requ i r i ng m e d i c a l the rap ies to dea l wi th their symp toms . Some, even m e m b e r s of t he same 

fami ly, may b e unaf- fected. Be low is a descr ip t ion of the d i s t u r b a n c e e x p e r i e n c e d by a 

w o m a n in E u r o p e w e rece ived a few weeks ago as part of an unso l i c i t ed e -mai l , 

Fronr̂  the moment that the turbines began working, I experienced vertigo-like symptoms on an 

ongoing basis. In many respects, what I am experiencing now 'S actually worse than the 'dizimess' I 

have previously experienced, as the associated nausea is much more intense, f-or me the pulsating, 

humming, noise that the turbines emu is the predominant sound thai 1 hear and that really seems 

to affect me. 

While the Chief Scientist [the person who came to lake sound measurements in her house) 

undertaking the measurement informed me that he was aware of the low frequency hum the 

turbines produced (he lives close to a -wind farm himself, and had recorded the humming noise 

levels indoors in his own home) he advised that 1 could tune this noise out and that any adverse 

symptoms I was experiencing were simply psychosomatic.. . . 
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The solut ion is s imple: industrial w ind turbines must be set back, wel l away from 

people 's homes, schools, places of work, and anywhere else peop le reguloriy 

congregate. In my 2009 report , I recommended a min imum setback of 2 km in level 

terrain. Studies d o n e around the wor ld since then have persuaded me that 2 km is not 

sufficient, especial ly in hilly or mountainous terrain — as wi th Cesme. In Cesme's case, 

setbacks should be more on the order of 5 km or greater. 

Hence my alarm when not i f ied by Ms. Kura that Cesme is cons ider ing 500 m (or less) 

setbacks. This is whol ly inadequate. 1 guarantee thaL unless the setbacks are increased 

substantially, there wil l be numerous victims of Wind Turbine Syndrome. 

There's more. Dr. Salt referred to Dr. Steven Rauch, above, f^r. Rauch, a physician, is the 

Medical Director of Hansard Medical School's renowned Clinical Balance and Vestibular 

Center, part of the Massachusetts Eye & Ear Infirmary. Dr, Rauch was recently 

in terv iewed by The New Republ ic: 

Dr. Steven Rauch, an otologist at the Massachusetts £ye and Ear Infirmary and a professor at 

Harvard Medical School, believes WTS (Wind Turbine Syndromel is real. Patients who have 

come to him to discuss WTS suffer from a "very consistent" collection of symptoms, he says. 

Rauch compares WTS to migraines, adding that people who suffer from migrames are 

among the mgst susceptible to turbines. There's no existing test for either condit ion but 

"Nobody questions whether or not migraine is real." 

"The patients deserve the benefit of the doubt," Rauch says, "it's clear from the documents 
that come out of the industry that they're trying very hard to suppress the notion of WLS and 
they've done it in a way that (involves) a lot of blaming the victim" ("Big Wind is Better Than 
Big Oil , But Just as Bad at P.R,," by Alex Halperin in The New Republic. Jurxe 16,2014}, 

Dr. Rauch m a d e a similar statement to ABC News last fall. 

1 met wi th Dr. Rauch in Cambr idge , Mass,, several years ago. He has read my " W i n d 

Turbine Syndrome" book. You're welcome to contact him for his clinical op in ion . 

Notice-, he actually treats WTS victims, and furthermore his specialty is neuro-o to logy -

precisely the clinical specialty appropr iate to WTS, smce WTS is mainly a vestibular 

disorder, (You m igh t consider Dr. Rauch the " p o p e " of vestibular disease.) 

Shifting gears, a g roup of mechanical engineers at the University of Minnesota recently 

mapped the airf low turbulence patterns of a 2.5 MW wind turbine. Their technique was 

ingenious: " A large searchlight with custom reflecting opt ics genera ted a two-

dimensional l ight sheet next to the 130-m-tall w ind turbine for i l luminat ing the snow 

particles in a 36-m-wide by 36-m-high area." They literally m a p p e d the vort ices be ing 

hurled off the turb ine blades, using a blizzard (!) as a k ind of background screen. Visit 

this websi te to see and savor the dramatic results. 

http://discover.umn.edu/news/science-technology/new-study-uses-bli2zard-measure-wind-turbine-
airfiow 

http://discover.umn.edu/news/science-technology/new-study-uses-bli2zard-measure-wind-turbineairfiow
http://discover.umn.edu/news/science-technology/new-study-uses-bli2zard-measure-wind-turbineairfiow
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Click open the v ideo and notice the pulsed pressure waves from the b lades — punching 

holes, as it were, m the swirling snow. You can watch the v ideo on YouTube: http:// 

wwwyoutube.com/w3tch?v--^OHI Os'lqqLiY. 

Think of volleys of acoustic artillery, much of it in the low f requency and infrasound 

range. Imagine the residents of Cesme being bombarded by this day and night . 

You are look ing at the huge, pulsed, sound pressure waves responsible for W i n d Turbine 

Syndrome. 

Ms. Kura tells me the turbines dest ined for Cesme are 3 MW. Several years ago , the 

noted Danish noise engineer, Professor Henrik MoHer at Aa lborg University, pub l ished a 

paper t i t led "Low-Frequency Noise from Large Wind Turbines," Journa l o f the Acoust ical 

Society of An^erlca, vol . 129, no. 6 (June 2011), pp. 3727-3744. Mol ler and his 

col league, Christian Sejer Pedersen, demonstrated that " the larger the turbine, the 

greater the U.FN (infrasound and iow frequency noise) p roduced . " The fo l lowing is the 

abstract of their paper. 

As wind turbines get larger, worries fiave emerged that the turbine noise would move down 
m frequency and that the low-freQuency noise would cause annoyance (or the neighbors. 
The noise emission from 48 wmd turbines with nominal electric power up to 3.6 MW is 
analysed and discussed. 

The relative amount of low-frequency noise is higher for large turbines (2.3-3.6 MW) than 

for small turbines (2 MW), and the difference is statistically significant. The difference can 

also be expressed as a downward shift of the spectrum of approximately one-third of an 

octave. 

A further shift of similar size is Suggested lor future turbines in the 10 MW range. 

Due to the air absorption, the higher low-frequency content becomes even more 
pronounced when sound pressure levels m relevant neighbor distances are considered. 

Elven when A-weighted evels are considered, a substantial part of the noise is at low 
frequencies and, for several o ' the investigated large iurbmes, the one-third octave band 
with the highest level is at or below 250 Hz. 

It IS ihus beyond any doubt that the low-frequency part of the spectrurn plays an important 
role in the noise at the neighbors. 

Given all of the above, you can see why I am concerned for the residents of Cesme. 

A final wo rd . The clinical l i terature, including publ icat ions by the W o r l d Health 

Organizat ion on health effects from infrasound exposure, typically use the word that Dr. 

Kelley used in his reports to the US Department of Energy — "annoyance . " It's really not 

an appropr ia te w o r d . It vastly understates the sickness caused by in f rasound exposure. 

http://
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(A mosquito bite is an annoyance. Wind turbine infrasound, on the other hand, triggers a 

debilitating cascade of illnesses whose features I enumerated, above.) 

In medicine, we clinicians are morally bound to exercise what's called the "precautionary 

pnnciple." That is, if we don't know for certain that a procedure is harmless, we are 

obliged to exercise extreme caution in performing 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. It took 
monumental efforts by people like me to debunk this fallacy. Wind industry advocates 
likewise argued that only downwind turbines created noise, that is, low-frequency noise. 
Dr, Kelley and his research team effectively debunked that falsehood, in the articles 
referred to above. Finally, the wind industry clung to the fiction that, "if you can't hear it, 
it can't hurt you," Professor Salt deflated that one. 

It's time to recognize that the global wind industry has hidden behind a series of (what 

turned out to be) falsehoods. Their untruths have been exposed and correcteo in the 

published clinical and scientific literature, as shown above. 

There is no excuse for building wind turbines in proximity to people's homes. 

Sincerely, 

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

'M .D. from The Johns Hopkins University School of Medicme 

"Ph.D. from Princeton University in Population Biology/Evolutionary Biolagy/Ecoiogy 

**'B,A. (Biology, with honors), Yale University 



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 argue for the hilarious "nocebo effect" as the cause of Wind Turbine Syndrome, ought to be 

horsewhipped. For it turns out -thai: researchers were studying WTS decades ago—because the poor saps living 

within 3 km of wind turbines were complaining of the same symptoms decades ago'. ''' - ^ 

f-iorsewhipped or tarred and feathered? And definitely stripped of their professional credentials! 

-Calvin Luther fvlartin, PhD, who wonders why wind companies are still allowed to put these goddam machines 

near people's homes! 

N. D. Kelley 

R. R. Hemphill 

H.E. McKenna 

Solar Energy Research Institute, 
Golden, Colo- 80401 

A Methodology for Assessment of 
Wind Turbine Noise Generation 
The detailed analysis of a series of acoustic measurements taken near several large 
wind turbines UOO kWand above) has identified the maximum acoustic energy as 
being concentrated in the low-frequency audible and subaudible ranges, usually less 
than 100 Hz. These measurements have also shown any reported community an­
noyance associated with turbine operations has often been related to the degree «/ 
coherent impulsiveness present and (He subsequent harmonic coupling of acoustic 
energy to residential structures. Thus, one technique fo assess ihe annoyance 
potential ofa given wind turbine design is to develop a method which quantifies ihis 
degree of impulsiveness or coherency in the radiated acoustic energy spectrum 
under a wide range of operating conditions. Experience has also shown the presence 
of annoying conditions is highly time dependent and nonstationary, and, therefore, 
any attempts to quantify or at least classify ^ind turbine designs in terms of their 
noise annoyance potential must be handled within the proper probabilistic 
framework. A technique is described which employs multidimensional, joint 
probability analysis to establish the expected coincidence of acoustic energy levels in 
a contiguous sequence of octave frequency bands which have been chosen because 
of their relationship to common structural resonant frequencies in residential 
buildings. Evidence is presented to justify the choice of these particular bands. 
Comparisons of the acoustic performance and an estimate of the annoyance 
potential of several large wind turbine designs using this technique is also discussed. 

Introduction 

Until the fall of 1979, noise from large wind turbines had 
not been a major concern. The situation changed however as 
the 2 MW, MOD-1 turbine installed near Boone, North 
Carolina began to undergo a series of operational tests which 
resulted in a number of sporadic and totally unexpected noise 
complaints from a few residents living within 3 km of the 
installation. Since that time, a considerable effort has been 
undertaken by a number of organizations who have studied 
the phenomena to find out the exact nature of the noise 
responsible for annoying the neighbors, its origin and 
production mechanism, its propagation path, and what could 
be done to eliminate or at least reduce it to below perceptible 
levels. Some of the results of these studies have been reported 
previously []]. 

To date, acoustically-related annoyance from large wind 
turbines has been confined to a dozen families living within 3 
km of the MOD-1. There have been no documented com­
plaints of noise the author is aware of with any of the four 
MOD-OA turbines currently operating, and two surveys of 
the MOD-2 turbine have failed to find a tender^py fpy im­
pulsive noi^e fzeneratioq similar to the MOD-1 in the 
measurements taken so far (3, 41. Some impulsive noise has 
been detected in a recent survey of the J7-m Darrieus/VAWT 
[5], The situation in Boone, however, has been severe enough 
to warrant a close examination of the details of the MOD-1 

Contributed by the SoJar Energy Division and presented at the 5th Biennial 
Wind Energy Conference and Workshop, Washington, D.C., October 5-7, 
198). Manu.i!cript received by the Solar Energy Division March A. 1982. 

experience. The causal factors responsible for the noise had to 
be identified; this information would then be used to develop 
a methodology to assess the annoyance potential of other 
wind turbine designs by measuring their acoustic radiation 
with reference to the MOD^l data. 

Characteristics of Large Wind Turbine Noise 

Figure I summarizes the acoustic pressure spectrum 
associated with large wind turbines and indicates Ihe 
dominate noise sources as a function of frequency. Not all 
wind turbines will exhibit the features of the spectrum shown. 
The ultimate cause of aerodynamically generated .sound i,s ihe 
unsteady loading of the blades. The degree of this un­
steadiness, for the most part, is responsible for the 
distribution of acoustic energy across the spectrum of Fig. I. 

Conventional classifications of rotor noise include 
rotational, broadband or vortex, and impulse noise. 
Rotational noise is cfaaracterii«l by the large number of 
discrete frequency bands which are harmonically related lo 
the blade passage frequency. The amplitude of these bands is 
determined by the sum of the steady load, which is a function 
of the commanded level of operation of the machine, and tlie 
unsteady loading at any moment arising from such sources 3S 
inflow turbulence and upstreeun wakes. Broadband or vorte" 
noise results from the slightly viscous interaction of the 
unsteady lift and the blade boundary layer and is responsible 
for such mechanisms as flow separation and tip-and trailing-
edge vortex shedding. Broadband noise, which is described as 
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'• the "swishing" sound associated with the turbine operation, 
! is characterized by largely incoherent radiation over a wide 
: fre(!uency range with a spectral "hump" sometimes found at 
1 relatively high frequencies. Recent measurements of the 
i MOD-2 turbine have found just such a "hump" in the region 
I shown in Fig. 1 [4]. Impulsive noise, such as has been found 
Jwirh t h^ M n n . 1 {.rirTenrififiri w i t i i short, transient f l i ic . 
|tit;^iinn.-{ in fhp raHiafed acnu^sric field w h i ^ ^ can Contain 
I considerable energy.. The dashed lines in the region tran-
I scending the rotational imd broadband regions of the spec-
j trurn in Fig. 1 are indicative of impulsive behavior and reflect 
• the very large number of harmonics necessary to describe the 
biade loading spectrum which are the sources of the radiation. 
Impulsive noise tends to be the most annoying because H 
dominates ail other sources due to a high degree of coherence 
and radiation efficiency, From pig- li the highest levels oi 
acoustic energy can be seen to reside in the low-frequency and 
subaudible (<20 Hz) ranges in the form of discrete bands. 
jThe presence of short period, unsteady blade loads will in-
iCreasc the amount of discrete radiation in the higher 
jrotational harmonics, usuallypeakingin the fi-15 Hz range. 

Low Frequency Sound. The low frequency dominated 
spectrum of Fig. 1 is a result of the low rotational speed of 
wind turbines as compared with other forms of turbine 
machinery. 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 due to our 
limited knowledge of the osvdiolofticai response, and the 
physical parameters involved with transient sounds which are 
perceived by humans as annoyance. As part of their program 
to develop a proposal for wind turbine noise criteria, the 
psychoacQUStics group at the NASA Langley Center has 
performed a series of tests to establish the perception 
threshold for low-frequency audible, impulsive-type sounds. 
Their results are reported in reference tl). 

A Possible Low Frequency Anooyfiace Mechaiusm 

During our March 1980 field measurement program at the 
MOD-1, we were very fortunate to obtain permission from 
two very cooperative families living near the machine (who 
had a history of complaints) to mafce a . ^ e s of detailed 
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acoustic and vibradon measurements inside and outside of 
their homes during turbine operations. In addition to the 

C oivipare physical measurements, we visited many of the other com­
plaining families and received a description of the annoying 

Pipr- sounds. In summary, the complaints centered on the 
following perceptions: 

(0 the annoyance was described as a periodic "thumping" 
sound accompanied by vibrations; 

{ii) many persons reported they could "feel" more than 
hear the sounds; 

(/I'O the sounds were louder and more annoying inside their 
homes than out; and 

(it/) some experienced the rattle of a loose glass in picture 
frames mounted on outside walls and small objects such as 

I 
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perfume bottles atop furniture making contact with an inside 
wall. 

In our visits to other complaining homes, we asked in which 
room the occupants believed the sounds were the most an­
noying. Without fail, we were shown rooms which had at leasl 
one window which faced the turbine. More often than not, the 
room was a smaller one, usually a bedroom. 

Physical Measurement Results. We were able to obtain a 
range of slight to severe annoyance levels while recording i"* 
the conventional two story, frame structure we have identified 



a,>j house #8, which is located about 1 km and 300 m below the 
turbine. We also obtained a well-documented measurement of 
threshold level perception stimuli while recording in the 
double-wide, mobile home identified as house S7, which is 
located approximately the same distance from the turbine and 
less than 0.5 km from house #8. These two data .sets have 
allowed us to compare the impulse excitation levels from both 
inside and outside the homes. We also have been fortunate to 
compare these low-frequency impulsive measurements with 
one involving a slowly varying, broadband source connected 
with the operation of gas turbine peaking station. 

Acoustics. Figure 3 shows the external pressure excitation 
of the radiated impulse and the resulting indoor pressure trace 
in the 31.5 Hz octave frequency band. As can be seen, the 
indoor impulse lasts for a period of over a second compared 
with the individual impulses outside the house lasting for only 
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a few milliseconds. To compare the moderate annoyance level 
stimuli with the perception case, we analyzed the differences 
between indoor and outdoor sound pressure levels and the 
levels indoors as a function of the existing background. These 
results are presented in Figs. 3 and 4. Figures 6 and 7 display 
the acoustic energy density spectra of typical individual 
impulses striking the homes and invoking moderate-to-severe 
aimoyance and perceptible level responses, respectively. 
Figure 5 relates this data to local background. 

Vibration. Figures 8 and 9 plot the frequency spectra of 
the horizontal component of the floor vibration under both 
conditions of perception. In both cases, the sensitive axis of 
the acccleromeier was parallel to the major floor support 
members and in the direction towards the wind turbine. 
Figure 10 plots the relative transmissibilily function for the 
acoustic and vibration data which indicates the level of 
dynamic coupling between the mechanical farcing of the floor 
vibration and the room acoustic pressure field. As is evident, 
the horizontal floor vibration is more highly coupled lo the 
pressure field in several frequency bands than is the vertical 
mode vibration. This is in agreement with the low acceleration 
levels measured in this orientation. 

Comparison with a Non-Impulsive Excitation. Because 
the strong impulses associated with the MOD-1 may be 
unique, and evidence from other turbines seems to indicate 
that partially coherent radiation may be much more common, 
we needed to find a documented source of tow-frequency 
sound to compare with the measurements taken in Boone. We 
were fortunate to obtain a data set connected with the 
operation of a 100-MW gas turbine peaking station located in 
Southwestern Oregon [6]. The complaints of several 
homeowners living about 3-5 km north and northeast of the 
plant paralleled those of the Boone residents. Figure 11 
compares typical outdoor sound pressure spectra from the 
two types of turbines. The characierisiic sound of the gas 
turbine, which was musert hv rffgoj;iaBflss„.ii" ^be exhaiisi 
stacks;, wa'i no; imnnlsive, but a slow i^^qij^ulation was 
reportedly eviĵ e;flt,. While the peak frequencies of the two 
spectra are different, the levels are about the same at 12 Hz. 
Figure 12 replots the comparison with interior background of 
Fig. 5 with the data from one of the homes near the peaking 
station added. Thishgrnc refy^rted similar sensations as the 
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Pl^ 8 Background and peak horizontal floor acceleration levels in 
House #7 under threshold teuel impulse forcing (B , = 0.125 Hz) 
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Bqppe f-ê i(;ier̂ tŝ  but very little audible sound, i.e.. the feeling 
of a pressure waye^ uneasiriess, vibrations, etc. 

tnterpreiation of the Results. The repeated tendencies for 
both the acoustic pressure field and the vibration data to show 
discrete peaks at the same frequencies - the room dynamic 
overpressures .shown in Fig. 3-and the strong resonant 
behavior of the indoor pressure field when excited by an 
external impulsive excitation, ail point to a complex resonance 
condition between the volume of air in ihc rooms and the 
vibration (displacement) of the walls and floors surrounding 
it. One of the finest sources of data on the structural dynamics 
of residential buildings is a NASA Langley study authored by 
Garden and Mayes [7]. Through the use of sinusoidal ex­
citation and aircraft flyover and sonic boom noise, they 
determined the characteristic responses of typical frame 
houses appeared to be largely independent of location and age 
due to the standardization of building codes which call out 
such design details as stud and beam spacing, etc. They also 
found, due to the construction similarities called for by the 
code, the resonant frequencies associated with the structural 

to 

elements p^ most residentjai buildings fall withi'irthe samT 
range bulincJiyjcJuallv depend on the construc'imn detaliis'Qr 
each house. 

The acoustic pressure field within a room of a house is 
dynamically controlled by (/) changes in the .shape of the room 
due to diaphragm action from internal and external pressure 
changes, {ii) higher mode resonances in the walls and floors, 
(.Hi) cavity oscillations (Helmholz-type resonances) from air 
moving in and out of the room through a door or window, 
and {iv) the resonant modes of the volume of air in the room 
itself. The ranges of these resonances are plotted on the data 
of Fig. 1 along with the factors controlling structural mode 
damping in other frequency ranges in Fig. 13. Table 1 lists the 
various resonant modes measured and calculated from the 
dimensions of the two rooms in the Boone homes. 

From an examination of Figs. 3, 4, 5, 8, and 9, the peak 
acoustic and vibration spectra indicate strong resonances at 
many of the frequencies listed in Table 1, particularly ai the 9 
and 14 Hz diaphragm modes. Figure 14 presents an 
illustration from [7] showing the relationship of these modes 
lo the structural features. From the available data, we have 
concluded the internal pressure field'in these rooms and the 
house in Oregon is being driven primarily through the 
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Fig. 10 Acceleration forced acoustic pressure transmissibility 
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diaphragm action of the outside walls facing the turbines. Tĥ  
overshoot of the internal pressure levels evident in Fig ^ 
indicates a dynamic amplification is taking place and i"' 
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(efisifying the low-frequency pressure fluctuations in the 
rooms. Audible sounds are heard in the Boone homes and not 
in the Oregon house due lo the higher wall/floor resonances 
and room modes being excited by the MOD-1 impulse energy 
at 12, 25, and 50 Hz (Figs. 6 and 7), The audibility conclusion 
hai) been drawn by comparing the above background levels 
wiih the NASA perception threshold criteria plotted in Figs. 5 
and 12 [i]. Thus the results show the audible sounds are 
coimected with more impulsive-type excitation, but slowly 

NASA •udtoHythreBrioW 

FtB.12 
Orefjon 

10 Frequency (Hz) -too 

Same as Fig, 5, with tndooi response of home to gas turbine in 

Stiffness-
Control led 

—Modal 

varying, broadband sources with similar levels of sub-audible 
acoustic energy are also capable of causmg aimoyance to the 
residents of exposed homes. 

Human Perception. Comparisons of F"igs. 3,4, 5, 8, and 9 
show the major difference in the acoustic energy distributions 
between the moderate annoyance perception (thumping 
sounds and vibration) and the threshold stimuli (a barely 
discernible thumping soimd but no vibration) appears to be 
the peak level of subaudible energy present. The first modes 
of human body resonance (in the direction parallel to long 
dimensionof a standing pecson) occur at approximately 5, 12, 
and 17-25 Hz (SJ. The position of these frequencies with 
respect to the room resonant pressure fields is shown in Fig. 
12. Some additional supporting evidence for a sensitivity to 
subaudible sounds is plotted in Fig. 15. This graph shows the 
threshold/exposure time for continuous sound pressure levels 
close to the peaks we have measured {see Fig. 4) around the 
most sensitive frequency of 12 Hz [9]. 

W^SutoaUi^aJM QUS of \rk̂  iWi^\ ta^wva t^to^'J w ^\i^ 
annovance associated with the r^ulsatine pressure fields in the 
ropms meE(sifred js a coupUn^ with human body resonances 

Table 1 
Resonant modes of rooms in bouses 7 and 8 (Hz) 

House Kl 

Dimensions (m) 
Wall/floor resonances 

(measured) 
Cavity oscillation 

frequency (door open) 
Room ttiocte ftequccicies 

3x3x2.1 
9,14,20,30,59,79 

=44 

7911101 
80fOO!] 
98[10I,On] 

House HB 

3.6x3.5x2,4 
9,14,21,26,50,60,65 

= 35 

471100,0101 
681110] 
70f00i] 
ssnoi.ou] 
98(111] 

'[ ] give the x.y.z normal modes. 
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Fig. 13 Same as Fig. 1, with structursi, room, and human body 
resonances added 
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wt̂ tch ill turn are responsible for creatine the sensation of a 
whole-body vibration. This perception is more noticeabJe* 
indoors dije to the increased reverberation time ancl dynami°c 
over|iressures from the interaction between the structural an'H' 
air volume resonances. From the meager information 
available from our measurements, we have crudely estimated 
the perception levels for the body resonance frequencies as 60 
dB for 5 Hz, 55 dB for 12 Hz, and 48 dB for the 17-25 Hz: 

Fig. 14 Example ol wall/floor diaphragm modes (source: reference [7]) 
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Fig. 15 Threshoidfexposure time relationship around most sensitive 
frequency {source: reference [9]) 

band, or \ 5,0, and \ 10 dB above the existing backgrouno 
for the respective frequencies. Such a process as proposed 
would explain the perceived annoyance within homes when no 
perceptable sounds could be heard outdoors. 

Assessment Methodology 

We have devised a technique by which the potential for 
community annoyance from the low frequency sound 
radiated by large wind turbines may be evaluated from 
recordings or direct measurements. The method allows foi a 
direct comparison of various turbine desigi« or retrofits. Tl\c 
approach is based on measuring a parameter related to the 
phase coherence between the discrete frequency bands present 
in the acoustic energy spectra of wind turbines (see Figs. 6 and 
7) and responsible for the level of annoyance perceived by 
residents in both indoor and outdoor environments. 

The phase coherence between discrete energy bands is 
determined by computing the joint probability distributions 
of band sound pressure levels in a series of contiguous octave 
frequency bands. These bands, which include more than 90 
percent of the resonemce-controllcd frequency range shown in 
Fig. 13,consist of theS, 16, 31.5, and 63 Hz octaves. In order 
to properly take into account the nonstationary nature of 
wind turbine noise, wc have found it is necessary to use rhe 
time for one complete rotation of a blade as the analysis 
period for the computmg of distributions. 

The actual technique involves the use of an 800-linc 
resolution spectrum analyzer under the control of an external 
computer. The analyzer acquires a time-series record 
corresponding to the desired analysis period, transforms it 
into a narrowband spectrum, and then transfers this spectium 
to the computer for calculation of the four octave band levels, 
The computer, using the method of bins, develops the density 
functions using a 5 dB increment for the band combinations 
<8/16), (16/31.5), (31.5/63), and the triple combination 
(8/16/31.5). The results are then plotted as a series of surfaces 
containing isoplcths of equal joint probability. 

Fjgines 16-19 contain plots of the resuhs of measured joint 
sound pressure distributions listed above, and a plot reflecting 
the triple combination and a conditional probability of an 8 
Hz band level of 70 dB or more (Fig. 19). These distributions 
have been derived from on-axis, below the cenierline 
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measiu-ements at a distance of 1.5 rotor dia for the MOD-1, 
the MOD-OA at Clayton, New Mexico, the unit i?l MOD-2, 
and the 17-m Darrieus/VAWT at Bushland, Texas. Also 
plotted in Figs. 16-18 are the reference background levels for 
Bushland and the threshold perception levels measured 
outside of bouse #7 in Boone. Unfortunately, the data from 
each site were not recorded under similar atmospheric con­
ditions. The MOD-I data represent the most severe sequence 
of impulsive noise and the accompanying adverse community 
reaction we have on tape and corresponds to a period late in 
the evening. The MOD-2 and MOD-OA surfaces were based 

I on a very limited sample taken in the afternoon at both sites. 
The. VAWT data represents the distribution for a series of 

I fneasurements recorded right at local sunset when the machine 
I began to exhibit some impulsive noise characteristics. 
The results of this analysis indicate the following: 

j 0) The MOD-1 data represent a good measure against 
which to compare the acoustic perfonnance of other turbines 

because of the jcppwp anpffvance levels associated with the 
record used to compute the distribution. 

(ii) The shape of the distribution appears to be related to a 
specific machine design. 

(iii) The acoustic pressure pairerns radiated trom large 
wind turbines have a definite structure as compared with the 
natural, wind-induced background (as is shown by Fig. 19 in 
pariicnlar) with the radiation from downwind HAWT sup­
ported by truss-type towers and the Darrieus/VAWT 
exhibiting the maximum structural detail, 

(/y) The importance of the existing background on the 
detection of turbine noise is graphically illustrated in the 
comparison of the Bushland bacVgiound distribution and that 
associated with the threshold perception in Boone which 
indicates this would not be heard in Bushland. 

{v) An interpretation of Figs. 16-19 indicates if the peak 
coherent radiation from a wind turbine can be held 
simultaneously at or below 55-65 and 45-55 dB band pressure 
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levels in the 8 and 16 Hz octave bands and under 35-45 dB in 
the 31.5 and 63 Hz bands at a di.stance of 1.5 rotor dia, the 
probability of community annoyance from low-frequency 
turbine sounds appears remote even under the quietest 
background conditions. 

Conclusions 

In this paper we have presented evidence to support the 
hypothesis that one of the major causal agents responsible for 
the aimoyance of nearby residents by wind turbine noise is the 
excitation of highly resonant structural and air volume modes 
by the coherent, low frequency sound radiated by large wind 
turbines. Further, there is evidence that the strpng, re^prutncjes 
foundJn_ thy, acoustic pressure, field within rooms actually 
measured indicates a coupling of subaudible energy to human 
body resonances at 5, 12, and 17-25 Hz, resultmg in a sen-
sat'ion oi' whole-botiy viljratibn. ^rhe au^mle sounds indoors 
associated with the impulsive excitation of the structure 
appear to be due to the coupling of energy from the higher 
frequency discrete bands in the impulse to higher frequency 
room resonances related to the air volume itself. 

We have described a tinbine noise evaluation technique 
which, in effect, measures the degree of cobwence in the 
acoustic radiation being emitted from a given turbine under 
existing atmospheric conditions. The approach is based on 
computing the joint probability distributions of the band 
pressine levels in a series of octave frequency bands which are 
known to encompass the very lightly damped, structural 
resonances in typical housing construction in the U.S. The 
results of the analysis for a range of wind turbine designs has 
shown the MOD-I to be capable of producing the highest 
coherent band pressure levels, but the Darrieus/VAWT is 

capable of the highest probability of coherence over a much 
narrower range of band pressure levels. 
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