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Do they belong HERE Mr. Kiernan?
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The Truth About Wind Power
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The Rhetoric

+

The Reality

Consumer Prices

IHE et
i

Wind energy is expensive and costs
more than other sources of electri

Wind power is the lowest cost of new generation; twenty
year power contracts provide long-term level power costs,
No fuel cost; no fuel transportation casts. Aging coal fleet
is being decommissioned; will impact consumer prices
upward.

Reliability

l’3‘;«, |

\ threatens iability )
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wind is intermittent; therefore,fit

Grid operators already rely on wind power and
successfully integrate it in large amounts across the US

causes a variety of health effects,
inchuding dizziness, headaches, and
loss of sleep.

\‘ power grid. Over 60,000 MW of wind energy is currently
T{ \on the US grid {roughly powers 45,000,000 homes).
Sound The sound of operating wind turbines | Independent studies conducted worldwide have

onsistently found that wind farms have no direct impact
on physical health. Sound levels are modeled during
development ta avoid post-operational issues.

Shadow Flicker

A

The shadows of rotating wind ines
are bothersome and ¢a egative
h

Shadow flicker |s predictable and is based on the sun's
angle, turbine location, and the distance to an
observer. Flicker is modeled during development to
minimize and migifation measures are available.

Turbines often catch fire and when
they do they send flaming shards into
frelds and forests.

A wind turbine fire is a very rare event. Turbines are
closely monitored 24/7 for any operating inconsistencies.
Extensive precautions are taken, ncluding emergency &
first responder training.

FURET mm too much land to make

Wind energy accounted for 42% of all new energy

r‘ X"‘s much of the nation’s energy. instaliation in 2012, The praject area may appedar to
\QM (‘Q spread across a large area, however, the infrastructure
&d 'Sa reguires Jittle land, Wingd energy i compatible with
'\f' v /—i agricutturat activities; farmers can plant up to the turbine
ot iy ock enjoy the shade in summet.
Property Values Wirtd farms hurt property valu Studies have found that wind fadilities do not affect long-
\/\U\ term property values. Wind drives community economic
"h\p‘- ’ development that benefits ali property owners through
\f\ Q___; the tax revenues paid annuatly,
Emissions wind power does not reduce carbon—_|_Wind power has no carbion emissionsand emits no

L

and eagles at an alarming rate.

"'U\JWL'{" G..L:n U-’(- and may even contribute to climate poliutants or greenhouse gasas. Wind power doas not use
_ change. ary water and does not contribute 1o water
T LEN contamination. No energy expended to extract fuel.
Old Turbines Old turbines are left abandoned. History shows that old turbines are repowered with
. V-Q/ \I‘j’ newer technology. Current wind practices require a bond
b ,( be posted to protect landowners and community; in
Raad QQB addition, turbines have a high salvage value.
Energy Incentives Renewable energy is subsidized at Fossil fuels received about five times more in subsidies
\ \ higher rates than fossil fuels than renewabie energy. Wind's primary incentive is
hp , our u)“(\P . the Product Tax Credit, @ performance based
$ @ incentive.
KoX
Wildlife Wind turbines are kilting birds, bats Wind generates electricity without many of the

enwironmental impacts associated with other energy
sources and is supported by wildlife agendies. Newer
siting regquiraments and techniques continve to reduce
wildlife impacts.




] am a phesician and sciengist; my expestise Hes in clinical

and envitonmental matters. Whether or not wind proves to
}Vﬁubuwgnsétﬁ?sfuﬂ,;.,,,.E.wl.mETn‘vmaﬁnﬁémmﬁﬁﬁjgﬁwi ....... ‘

windmills not be sited any closer than 1.25 miles (2 km) from

people’s homes or anywhere else people regulatly congregare.
(Highways arc also a problem for maotorists with scizure and

migraine disorders and motion sensitivity, from the huge

~

spinning biades and landscape-sweeping shadow flicker)

I consider a 1.23 mile sct-back a minimum figure. In hilly

ropographies, whére valleys act as natural

Of IOUNaNOUS
channels for noise, this 1.23 mile set-back should be extended

anywherte from 2-3 miles from homes.

Let me be clear. There is nothing, absolutely nothing, in the

wind energy proposition that says windmills must be sited next

2

doot to people’s homes. Siting, after all, s the crux of the tssuc

Trresponsible siting is what most of the uproar 1s about.

?

Cotporate economics favors building wind turhines in people’

backyards; sound clinical medicine, howevet, does not.

Nina Picrpont, MD, PhD
Fellow of the American Academy of Pediatrics
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As the blade passes the Sémﬂ the 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
pulsations, internal 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

L0 rpm, O Rik Joosa,
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When wind turbine blades rotate past the 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 all "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 jevelis +12 dB.

10 egual harmenies would produce a peak level

of +20 dB.

Ao
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windturbinesyndrome.com
http /iwww.windturbines yndrome.com/2013/wind-turbine-syndrome-was-being-documented-in-science-journals-in-the-late-
70s5-early-80s-u-s-dept-of-energy/

81372014 Wind Turbine Syndrome | Wind Turbine Syndrome was being documented in science journals in the late 70s, early 80s (U.S. Dept. of Energy) N
< <

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
aﬁentiort 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.

FFor 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!

Horsewhipped or tarred and feathered? And
definitely stripped of their professional credentials!
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http://wjindicurbinesyndromG.com
http://vvww.windturbinesyndroriie.corri/2013/wind-turbine-syndrome-was-being-documented-in-science-jou%5e%5e

8/13/2014 Wind Turbine Syndrome | Wind Turbine Syndrome was being documented in science journals in the late 70s, early 80s (U.S. Dept. of Energy) é)

W acoustic and vibration measurements inside and outside of
: their homes during turbinc operations. In adaiion 10 the
- Compare physical measurements, we visited many of the other com-
: plaining families and received a descriplion of the annoying

o Pisr- sounds, In summary, the complaints centered on the
; following perceptions:

- pont et (/) the annoyance was described as a periodic ‘‘thumping’’
sound accompanied by vibrations;

al. 1 (ify many persons reported  they could “‘feel’”” more than

hear the sounds;

(sif} the sounds werc louder and more annoying inside their
homes than out; and
| (iv) some cxperienced the rattle of a loose glass in picture |
N frames mounted on outside walls and small objects such as |

114/ Vol. 104, MAY 1082
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Wind Turbine Syndrome | Medical doctor sees Wind Turbine Syndrome in his patients (V... Page | of 4

;’;_ windturbinesyndrome.com hitp www. windturbinesyndrome .com/20 1 4/medical-doclor-sees-wind-turding-synyrome-in-ms-patents -venionty

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

“Wind Turbine Noise & Adverse Health Effects”

‘ﬁestimony before the Vermont Public Service Board (PSB) 7/29/14¢
.. = by Sandy Reider, MD

My neme is Sandy Reider. | am a prmary.cara phy.s{irqig_@‘ in Lyndonwville, and | have been practicing clinical
medicing in Vermont since | received my license in 1871 {Dr. Reider is a graduate of the Harvard
Universily Scheool of Medicine — Editor ¥

I the interest of full disclosure. { am not being paid for involvement 10 this 1ssue, nor did | seek this out;
rathier, 11 found me by way of a patient | had known well for several years, and who, in jate 2011, suddenly
developed severe msomnia, anxiety, headaches, ringing ears, difficulty concentrating, and frequent
nausea, seemmingly oul ot the biue. This puzzied us both for a tew months before we finally came 1o
understand that he suffered from what was, then, a relatively new clinical entity known as "wing turbine
syndrome”, related in his particular case o the comparatively small NPS 100 KW turbine that began
generating power atop Burke Mountain in the fall of 2011,

:
E

R A (T

In the course of the 2012 {egisiative session, | 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
symploms were so typical and similar to those described by thousands of other individuals living loo close
tg large wind turbines all aver the globe, | have attached my testimony for the Senate Health Care
Commuttee and encourage you to review it for its very characteristic description of what it is that this board.
i Irust. hopes to mitigale by recommeanding more protective sound standards for these industnal wand
nstallations.

{ shouid add that [ have seen 4 additonal patients hving close to the large Sheflield and Lowell projects, as well as an individual living near another singfe
NPS 100KW turbine in Vergennes All presented with similar, though not identicai, symptoms to those described in my testimony

That there nave already been so many complaints here in Vermont related to wind turbmes suggeslts that the current noise standards may be inadequale
Either the utiliies have been regularly out of comphance with the current existing standards (Sturley Nelson's detanad daly records suggest this has indeed
occurrad with some requlanty) and/or that the scientific dala and studies upon which he current noise standards are based 1s ncomplete ar possibly just
plain wrong,

Over tire past 2 years | have reviewed much of the relevant scientific iterature. and out of my 42 years of experence and perspective as a clinician.
respectiuily offer the following observations and comments

Firstly, | 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 Ihough
the vibrational-acoustic mechanisms behind this harm are not yet completely understood (1.5) Repetitive sicep disruptionis the most often ciled adverse
effect, and disturbed sleep and is resulting stress over time is known to cause or exacerbate cardiovascular illnesses (2. ), chromic anxiely and depression.
as wel as worsening of other pre-existing medical problems. This is especially concerning for the most vulnersble among us —- children. the elderly, those:
whe are naturally sensitive tc sound, or prone to motion sickness or migraine headééheé, and. as menticned, these who are unwell to starl with.

The position adopled by developers of large industrial wind projects. and thus far supported by regulatory and health agencies. has been thal there 15 no
evidence of a direct effect on health from wind tucanes, rather, that the clawmed adverse health effects are indirect. due mawnly o the indwidual's negalve
athitude about Ihe wind turbines (so-called "nocebo” effect), and therefore it 1s their fault. 1t's aif n their heads. and so on. Not only is this incorrect, 1tis
disingenuous. There is simply no ¢linical jusufication for ignering harm being done 10 individuals and communities. whether direct or indirect on these
grpunds — simply put, harm 1s harm, whataver the mechanism.

However. good evidence for direct adverse effects has exsted since the mid-80's when Meil Kelley headed & group of researchers. under the auspices of the
UE Deosanimanit of Energy and NASA, and found conclusive ewndence \nal adverse effects. very sirmitar 1o those that descnbe "wind wrtne syndrome’ were
due primarily to very low frequency sound and inaudible infrasound {6) This role of infrasound was subsequently confirmed by Kalley's team under controlied
iaboratory conditions. and resuhad in & compiete redesign of turines from the downwing trestie-meunted Wuroines 10 today $ upwind urine on a single
massive tower Furthermore. he recommended protective maximum levels of this low frequency sound

The joint rachaltion levels {expressed in terms of acoustic intensity and measured external o & structure) i the 8, 18, 31 5 and 63 Hz standard
(IS0} octaves should not exceed band intensity threshold limits of 60, 50, 40 and 40 dB (re 1 pWm -2) more than 20% of the time.
These figures compare favorably with a summary of low-frequency annoyance situations by Hubbard

(ILis worth noting thal very often infrasound levels are higher inside a buiding than cutside, the structure acting as a resonating chamber and amplifying the
lower “vibration” frequencies. Thus measurements for low frequency sound should be made inside tha structure as well as outside. Also, fow frequency
sound levels are not only building design and gecmetry spectfic, bul also site specific, especially in a place like Vermont where the topography and climactic
conditions are so variable. There may be unacceptable indoor infrascund levels in one home, while another home over the hill may have undetectable or very
low levizls )

http/A www. windturbinesyndrome.com/2014/medical-doctor-sees-wind-turhine-svndrome-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

The wir d induslry's assertion thal the Kelley study s ielevant and that infrasound levels arg neghgible with the current, newer turbine design and may be
ignured 1s unfounded. and more recent evidence confirms this  (See the 2012 Falmouth study by Ambrose and Rand: Bob Thorne's excellenl qualily cf life
study w 2011 [12]. Steven Couper's preliminary results in Australia. finai results due in Seplember 2014 [11]. and others.)

The afcrementioned sludies were performed by independent professional acousticians not connecled to the wind industry  Incidentally, the severely affected
patient described in my 2012 lesimony never did parceve any audible noise from the turbine {and this 1s quite typical, the sound 1s morg felt than heard), nor
drd he harbor any feelmgs pro o con about the instaliation when fis problems began though afler he undersiood the source of fis ill-health, | have no doubl
|hat ihe "nocebe” effect may have added lo his slr¢ss adding insult to njury  He has since abandeoned thal home. and 15 once agam sleeping soundly and
feeling well

The cutrent sound standards. based as lhey are on dBA weghled acoustic measurements, gives particular weighl to audible frequencies in the soundscape.
but very hittle or ng weigh! Lo low sound freguencies and infrasound. particularly below 10 Hz, which comprises a significant proportion of the sound
gencra ed by large turbines People do nol hear dB3A. Ihey hear qualitatively different sounds. birds, nsects, running water. wind in the trees, elc Basing
noise crlena sclely on this single numbper ignores the unigue nature of the sound produced by large wind turbines. with its constantly changing toudness.
frequency. harmoncs, pilch and impulsive qualily

It 1s precisely these gualties that make the sound feel so intrusive and annoying, e@specially In guigd rural environments where these projects are usually
locaied (12) Parenthelcally. the word “annoying” 18 somewhat nisieading, as it implies a minor, temporary, or occasional nuisance thal perhaps might be
moslly ignored, rather than whal 1115, a repelitive stressor that can degrade one’s short and long lerm health and well being, and from which Lhere 1s no
escape over lhe lifeime of the project short of having to abandon one's home.

it 1s worth repealing here that the current Public Service Board threshold of 45 dBA of audible sound, averaged over an hour, has never been proven safe or
protect ve, and thal most studies agree that audible socund should not exceed 35 dBA, or 5dBA above normal background sound levels. (This is especially
mbodanl i rural areas where background noise is minimal.} The level should be 8 maximum, not an hourly average. Above 35 dBA there-are likely to be
signifhicantly more complaints, parlicularly difficulty sleeping

Predicted Community Reaction for Wind Turbine Noise in Quiet Areas
Rispf::; ’L‘i"‘ih WHO 200% . HOEL WHO 2009 - LOBAL ’ r.Iuiﬂ-siuﬁyC‘o‘;p.‘;nsc;;l‘sk's;ws WI;-& T-;.lrl:;lne‘ i Q?l
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Before concluging. | would ike lo emphasize that the bulk of scienlific evidence for adverse heailh effects due 10 industrial wing installations comes in the
form o7 thousands of case reports ke the patient | descnbed. One or lwo sporadic anecdotal cases can legitmately be viewed with a wail-ang-see
skeplicism, bul nol thousands where the symploms aré 5o similar, along with the sase of chserving exposure and measuring outgomes, wherever these
projecls have been bull 1 agree with Epdemioiogist Carl Phillips. who opined tha! "lhese case reporls taken together offer the most compeliing scientific
evidence of senous harm  Just because lhe prevalding models have failled to explain cbserved adverse health effects does not mean they do not exisl”. and.
as he sucaincily though m my opinion @ bit toe harshly concluded "The attempts to deny the evidence cannot be seen as honest scienhific disagreement
and reresent edher gross incompetence or mtenlonal tias’ (13)

| am aware ihat the members of the PSB bear a hegvy responsibiiity for Vermont's overall energy future and have many other issues on thair plale besides
this one Rather than presenting you with a long hsl of literalure referances, most of which would hkely go unread {but they are in¢luded just in case ), |
recom mend a carelul review of Just one sludy in parlicular Bob Thorne, a professional acoustician in Australia, presented an excellent and well thought-out
clinica sludy lo the Ausiralian Senate in 2011 {12). It really does cover the walerfront, including WHO guality of life measures, audibie and infrasoung
measLrements. and heaith measures, in @ balanced and scientific way. For your convenrence there is a hard copy of this study included with my presentation
loday

His comprehensive {including the full sound spectrum, not only dBA weighted sound) and protective recommendations for sound criteria are reasonable, and
f adopied. would be likely more scceplable o neighboring households and communilies However, given thal wind developers are these days building bigger
turbines atop talles towers i order 10 Marxumize power generaton and profils, adoption of these safer Umits would necessitale swing the installations farther
from dv;'e\lmgs 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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Wind Turbine Syndrome | Medical doctor sees Wind Turbine Syndrome in his paticnts (V... Page 53 0l'4

The outcomeas of the sludy are concerned wilth the poteniial for adverse heaith effects due to wind farm modified audible and low frequency
sound and mfrasound The sludy Confirms that the fogging of sound fevels withou! a detaited knowledge of what the sound levels relate to
renders the data uncedan i nature and content. Chservation 15 needed lo confirm the character of the sound being recorded Sound
recordings are needed (o confirm the character of the sound being recorded

The measures of wind turbine noise exposure that the study has identified as being acoustical markers for excessive noise and known risk of
serous harm 1o health (significart adverse health effects)

(1) Criterion An LAeg or 'F' sound levet of 32 dB(A) or above over any 10 minule inlerval. cutside;

{2) Criterion An LAeq or 'F' sound level of 22 dB(A) or above gver any 10 minule interval inside a dwelling with windows open or ¢losed
(3) Criterion. Measured sound levels shall nof exhibil unreasonable or excessive modulation (fluctuation’)

(4} Criterion. An audible sound level is modulaling when measured by the A-weighied LAeg or 'F' time-wetghling at 8 10 12 discrele
samplesssecond and (8) the amplitude of geak (a trouglt varialion or (b)) i the third ootave or narrow hand characterstics exhibil @ peak (o
irough variation that exceeds the following criterta on a regularly varying basis' 2dB exceedance is negiigible. 4dB exceedance is
unreasenabie and 608 exceedance is excessive

(5) Crterion A low frequency sound and infrasound is modulating when measured by the Z- weighted L.Zeq or F time-weighting at 810 10
discrele samples/second and (a) the amphiude of peak (o trough vanaton or (b if the thurd oclave or narrgw band characienshcs exnint a
peak to trough vanalion that exceeds the following crtena on a regularly varying basis 208 exceedance is neghgible. 148 exceedance s
unreasanable and 6¢8 exceedance 15 excessive

(6} Definitions "LAeq means the A-weighted equivaleni-continuous sound pressure lovel [18] £ ime-weighing has the meamng under IEC
61672-1 and [18] “requiarly vanying’ 1s where the sound exceeds the crieron for 10% or more of the measuremeni hme mierval (18] of 10
mmutes: and Z-werghling has the meaming under AS 1EC 61672 1 with a lower bmif of Q Stz

(7) Approval suthormes and requiators showld sel wind farm noise comphance Ievels at least 5 1A} bofow the sound levels i crlenon (1)
and criterion (2} above The comphance levels then become the critena Ior unreasonable noise

Measures (1-6) gbove are appropnate for @ nose’ assessment Dy visual chsplay and level companson Investigalion of health effecls and the
complex nalure of wind turbine noise require the more delarled perceptual measures of sound character such as audiily, loudness
flucluation strenglh. and dissonance

Tojexclude careful ndependent well-designed case studies ke Thorne's { and others ) in a review of the scientific iterature that purports 10 be lhorough s, |
repeal, a serious omission and is not “scientific” Careful consideration of these independent welt done studies. if nothing else. should encourage reguialory
ag{encies 10 adopt @ much more precauticnary approach to the siting of today’s very big industrial wind projects in order 10 adequately prolect public heaith

For belter or worse. in today's “information age” we are perhaps too fascmaled by computers and mountains of data, but truth is truth wherever you find 1!
even in small places .

Co:ntacl

ancy Reider, MD
PO Eox 10
Easi Burke. VT 05832
(802, 626-6007
sandyreider@yahoo com

*Many lnanks lo Dr Sarah Laune, CEQ of the Waubra Foundation, for her ureless work and generosity 1 sharing s¢ much information.
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\’mNA PIERPONT MD. PHD.

June 30, 2014

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

indni Mah. 2001 Sk. No: 2 Cesme / 1ZMIR
Turkey

Dear Ms. Kabadayi-Whiting,

| write 10 you at the request of Madesleine Kura, who tells me the charmung, historicat
town of Cesme is about to have half a dozen 3 MW industrial wind turbines built on the
edge of town, a mere 500 m from people’s homes. (I'm told that at least one of the
turbines will be 300 m fram a schoaol) Furthermore, all this construction will be in hilly
terrain.

Let me explain, clinically, why this is a bad idea. In 2009 | 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 raw dats in the form of
case histories (using case cross-over studies), demonstrating that living in proximity to
wind turbines dys-requlates the inner ear vestibular organs controlling balance, positian,
and spatial awareness. Effectively, sufferers experience symptoms of sea-sickness, along
with several related pathologies.

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

In this paper we have presented evidence to support the hypothesis that one of the major
causal agents respansible for the annoyance of nearby resideats by wind turhine noise is
the excitation af highly resonantl structural and aic volume modes by the coherent, low-
frequency sound radiated by large wind turbines.

>

19 Clay Street
Malane, New Yerk 12953

phifox [518) 483 648)

www. ninapierpont.com
pierpont@rweny.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 af sub-audible energy [infrasound]
to human body resonances at 5, 12, and 17.25 Hz, resulting in & sensation of whole-body
wibration {p. 120}

' discovered the same thing in my research. What Kelly et al. refer to as a “sensation of
whole-body vibration,” | refer to as Visceral Vibratory Vestibular Disturbance (VWVD):
“The internal quivering, vibration, or pulsation and the associated complex of agitation,
anxiety, alarm, irritability, tachycardia, nausea, and sleep disturbance together make up
what | refer to as Visceral Vibratory Vestibular Disturbance (VWVD)" ("Wind Turbine
Syndrome,” p. 59}

five years later, Dr. Kelley gave a follow-up paper ot the Windpower '87 Conference &
Exposition in San francisco, titled "A Proposed Metric for Assessing the Potential of
Community Annoyance from Wind Turbine Low-Frequency Noise Emissions.”  Just so
you understand the terminology, “emissions” means "noise & vibration.” And the term
“low frequency” inciudes infrasound, And the antiseptic phrase “community
annoyance” is code for Wind Turbine Syndrome — except the name had not been
coined in1987. (I crested it decades later) Keiley's research once again had been
funded by the US Department of Energy, Contract No. DE-AC02-83CH10093.

We slectronically simulated three interior envirgnments resulting from  low-frequency
acoustical loads radiated from both indwidual 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 the twrbine rotor 10 interact with residential structures of nearby
communities and annoy the occupants.

The modern wind turbine radiates ils peak sound power {energy} in the very low freguency
range, typically between 1 and 10 Hz {i.e, infrasound]. . ..

Our expenence with the low-frequency noise emissions from a single, 2 MW MODB-1 wind
turbine demonstrated that . . . it was possible to cause annoyance within homes in the
surrounding community with relatively low levels of LF-range [low frequency range] acoustic
noisg. An extensive investigation of the MOD-1 situation revealed that this annoyance was
the result of a couplhng of the turbine's impulsive low-frequency acoustic enargy into the
structures of some of the surrounding homes. This often created an annoyance environment
that was frequently conlined to within the home itseif (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 Oteolaryngology in the School of Medicine at Washington University (St.
Louis, Missour), where he iy 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 and the logic to A-weight sound
measurements was deeply flawed scientifically. . .

Feom this understanding we conclude that very low frequency sounds and infrasound. at
levels well below those that are heard, readily stimulate the cochlea. Low frequency sounds
and nfrasound from wind wrbings can therelore simutate the ear at levels well below those
that are heard. .

No one has ever evaluated whether tympanostomy tubes alleviate the symptoms of those
living near wind turbines, From the patient's perspective, this may be preferable to moving
out of thew homes or using medical wreatments for vertigo, nausea, and/or sleep
disturbance. The results of such reatment, whether positive, negative, would likely have
considerable scientific influgnce on the wind turbine noise debate....

Anather concern that must be dealt with is the development of wind turbine noise
measurements that have clinical celevance. The use of A-weighting must be reassessed as it
is based on insensitive, Inner Hair Cell (IHC}-mediated hearing and grossly misrepresents
nner 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 10 the same high standards. Full-
spectrum monitaring, which has been adopted in same reports, 5 essential. |

Given the presentl evidence, it seems risky at best 10 continue the current gamble that
infrasound stimulation of the ear stays confined 1o the ear and has no other effects on the
body. For this to be true, al' the mechanisms we have outlined (low frequency-induced
ampltude modulation, low lrequency sound-induced endolymph volume changes,
infrasound stimulation of type |l afferent nerves, infrasound exacerbation of noise-induced
damage and direct infrasound stimulation of vestibular organs) would have to be
insignificant. We know this is lighty unlikely and we antcipate novel findings in the coming
yoars that will influence the debate.

| suspect you are beginning to get a clear picture of the problem — and why I'm writing
to you.

The typical symptoms of what is now known worldwide as Wind Turbine Syndrome are:
sleep disturbance, headache, tinnitus [ringing or buzzing in the sars), ear pressure,
dizziness (a general term that includes vertigo, light-headedness, sensation of almost
fainting, etc.). nausea, visual blurring, tachycardia (rapid heart rate), irritability, problems
with concentration and memory, and panic episodes associated with sensations of
internal pulsation or quivering which anse when awake or asleep.

Does everybody living near wind turbines experience Wind Turbine Syndrome? By no
means! What | discovered is that peopie with (3] motion sensitivity, (b) migraine disorder,
{c) the elderly (50 years and older}, (d) inner ear damage, and (e} autistic children and
adults — all these are at stabisticaily significant high risk.
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Professor Salt is a highly respected neuro-physiologist speciaiizing in inner ear disorders
and in particular the mysteries of the cochlea.

Prof. Salt's research dovetails with mine and with Dr. Kelley's. For many vyears,
acousticians and noise engineers have vigorously maintained that “if you can't hear it, it
can't hurt you,” That is to say in the case of wind twrbines, “If you can't hear the low-
frequency noise 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. People fee:
infrasound in various parts of the bedy, though typically they cannot hear it.) In any case,
Professor Salt and his colleagues have demonstrated conclusively, definitively, that
infrasound does in fact disturb the very fine hair cells of the cochlea.

With this discovery, one of the main arguments advanced by the wind energy industry -—
namely, that wind turbine infrasound was too low to be harmiul to people, since they
could not hear it — was demolished. Prof. Salt has proven that, “!f you can't hear it, it
can stilt harm you.”

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

The essence of the current debate 1s that on one hand you have the well-funded wind
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
through A-weighted sound measurements; (2) dismissing the possibility that any variants of
wind turbine syndrome exist (Fierpont 200%) even when physicians (e.g., Steven D. Rauch,
M., at Harvard Medicat 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 eflects of
wind turbine notse that they cannot tolerate iiving in their homes. Some maove away, either at
financial loss or bought-out by the turbine operators. (Jthers five with the discomiart, often
requiring medical therapies to deal with their symptoms. Some, even members of the seme
family, may be unaffected. Below is a description of the disturbance experienced by a
woman in Europe we received a few weeks ago as part of an unsolicited e-mail,

From the moment that the turbines began working, | expenenced vertigo-like symptoms on an
ongoing basis. In many respects, what  am experieacing now 15 actually worse than the ‘dizziness’ !
have previously experienced, as the associated nausea 1s much more intense. For me the pulsating,
humming, noise that the turbines emut is the predominant sound that | hear and that really seems
to affect me.

while the Chief Scientist [the person who came to take sound measurements in her house]
undertaking the measurement informed me that he was aware of the low frequency hum the
torbines produced (he lives close o a wind {arm himseli, and had recorded the humming noise
levels indoars in his own home) he advised that | could tune this noise out and that any adverse
symptoms | was experiencing were simply psychosomatic. . .
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The solution s simple: industrial wind turbines must be set back, wel away from
people's homes, schools, places of work, and anywhere else people regularly
congregate. In my 2009 report, | recommended a mmimum setback of 2 km in level
terrain. Studies done around the world since then have persuaded me that 2 km is not
sufficient, especiaily in hilly or mountainous terrain — as with Cesme. in Cesme’s case,
setbacks should be more on the order of 5 km or greater.

Hence my alarm when notified by Ms. Kura that Cesme is considering 500 m {or less)
setbacks. This is wholly inadequate. 1 guarantee thet, unless the setbacks are increased
substantially, there will be aumerous victims of Wind Turbine Syndrome.

There's more. Dr. Salt referred to Dr. Steven Rauch, above. Dr. Rauch, a physician, is the
Medical Director of Harvard Medical School's renowned Clinical Balance and Vestibular
Center, part of the Massachusetts Eye & Ear Infirmary.  Dr. Rauch was recently
interviewed by The New Republic:

Dr. Steven Rauch, an otologist at the Massachusetts Eye and Ear Infirmary and a professor at
Harvard Medical School, believes WTS {Wind Turbine Syndrome! 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 migraines are
among the most susceptible to turbires. There's no existing test for either condition 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 WTS and
they've done it in & way that [involves] a lot of blaming the wictim” (“Big Wind Is Better Than
Big Oil, But Just as Bad at PR, by Alex tHalperin in The New Republic, June 16, 2014},

Dr. Rauch made a similar statement to ABC News last fail.

I met with Dr. Rauch in Cambridge, Mass., several years ago. He has read my "Wind
Turbine Syndrome™ book. You're welcome to contact him for his clinical opinion.
Notice, he actually treats WTS victims, and furthermore his specialty is neuro-otology -
precisely the clinical specialty appropriate to WTS, since WTS is mainly a vestibular
disorder. {You might consider Dr. Rauch the "pope” of vestibular disease.)

Shifting gears, & group of mechanical engineers at the University of Minnesota recently
mapped the airfflow turbulence patterns of 3 2.5 MW wind turbine. Their technique was
ingenicus:  "A large searchlight with custom reflecting optics generated a two-
dimensional light sheet next to the 130-m-tall wind turbine for illuminating the snow
particles in a 3é-m-wide by 36-m-high area.” They literally mapped the vortices being
hurled off the turbine blades, using a blizzard () as a kind of background screen. Visit
this website to see and savor the dramatic results.

http://discover.umn.edu/news/science-technology/new-study-uses-tlizzacd- measure-wind-turbine-
airflow
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Click open the video and notice the pulsed pressure waves from the blades — punching
holes, as it were, In the swirling snow. You can watch the video on YouTube: http:/
www youthbe.comiwatch?v=0Hl OsdqgUY.

Think of volleys of scoustic antillery, much of it in the low frequency and infrascund
range. Imagine the residents of Cesme being bombarded by this day and night.

You are looking at the huge, pulsed, sound pressure waves responsible for Wind Turbine
Syndrome.

Ms, Kura tells me the turbines destined for Cesme are 3 MW. Several years ago, the
noted Danish noise engineer, Professor Henrik Moller at Aalborg University, published a
paper titled “Low-Frequency Noise from Large Wind Turbines,” Journal of the Acoustical
Society of America, vol. 129, no. & (June 2011}, pp. 3727-3744.  Moller and his
colleague, Christian Sejer Pedersen, demonstrated that “the larger the turbine, the
greater the ILFN (infrasound and iow frequency noise) produced.” The following is the
abstract of their paper,

As wind turbines get larger, worrigs have emerged that the turbine noise would move down
in frequency and that the low-frequency noise would cause annoyance for the neighbors.
The noise emission from 48 wind turbines with nominal electric power up to 3.6 MW 15
analyzed and discussed.

The relative amount of low-frequency noise is higher for large turbines (2.3-3.6 MW) than
for smalt turbines {2 MW), and the diflerence 15 statisticaliy significant. The difference can
also be expressed as a downward shilt of the spectrum of approximately one-third of an
octave.

Aturther shift of similar size s suggested for future turbines in the 10 MW range.

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

Even when A-weighted -evels are considered, a substantial part of the noise 15 at low
frequencies end. for several of the investigated large turbines, the one-third octave band
with the highest leve! is at or below 250 He.

It1s thus beyond any doubt that the low-frequency part of the spectrum plays an important
iole in the noise at the neighbors.

Given all of the above, you can see why | am concerned for the residents of Cesmae.

A final word. The clinical literature, wcluding publications by the World Hesith
Organization on heaith 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 appropriate word. It vastly understates the sickness caused by infrasound 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 | 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 certain that a procedure is harmless, we are
obliged 1o exercise extrerme caution in performing the procedure, in this instance
building industrial wind trbines — which are well-known to produce impulsive fi.e.,
amplitude-madulated) infrasound — near people's homes. This is, after all, common
sense.

For decades, the wind industry flatly denied their turbines produced infrasound. It took
monumenta! efforts by peopie iike me to debunk this aliacy. Wind industry advocates
likewise argued that only downwind turbines created noise, that is, low-frequency nose.
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,” Professar Salt deflated that ane,

it's time to recognize that the global wind indusiry 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 building wind turbines in proximity to people's homes.

Sincerely,

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

*M.D. from The Johns Hopking University Schoo! of Medioine
**Ph D. from Princeton University in Population Biclogy/Evolutionary Biclogy/Ecology
*r=B.A. (Biology, with honars), 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 that researchers were studying WTS decades ago—because the poor saps living

within 3 km of wind turbines were complaining of the same symptoms decades agol

pam——_ T

—
Horsewhipped or tarred and feathered? And definitely stripped of their professionat credentials!

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

near people's homes!

A Methodology for Assessment of
Wind Turbine Noise Generation

The detailed analysis of a series of acoustic measurements taken near several large
wind turbines (100 kW and above) has ident{fied the maximum acoustic energy gs
N. D. Kelley being concentrated in the low-frequency audible and subaudible ranges, usuatly less
i than 100 Hz. These measurements have also shown any reported community an-
: . noyance associated with furbine operations has often been refated (o the degree of
H.R. H emphlll caherent impulsiveness present and (he subsequent armornic cqupling of acoustic
' energy to residential siructures. Thus, one lechnique fo assess the annoyancoe
| potential of a given wind turbine design is to develop o method which quantifies this
H. E. Mc Kenna degree of impulsiveness or coherency in the radinted acoustic energy Spectrum
under a wide range of operating conditions. Experience has also shown the presence
Solar Enasgy Resaarch [nstitute, of annoying conditions is highly time dependent and nonstationary, and, therefore,
Golden, Colo. 80401 any attempts to quantify or af least classify wind turbine designs in terms of their
! noise annoyance potenfial must be handled within the proper probabilistic
Sramework. A techuique is described which employs multidimensiondl, joim
: probability analysis to establish the expected coincidence of acoustic energy levels in
’ a contiguous sequence of octave freguency 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,
i Comparisons of the acoustic performance and an estimate of the annoyance
potential of several large wind turbine designs using this technique is also discussed,

i
i
I
|
|

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-I turbine installed near Boone, North
Carolina began to undergo a series of operational tests which
resuited in a number of sporadic and totally unexpected noise
complaints from a few residents living within 3 km of the
installation. Since that time, & considerable effort has been
undertaken by a number of orgapizations who have studied
the phenomena to find out the exact nature of the noise
responsible for annoving the npeighbors, 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 [1],

To date, acoustically-related annoyance from large wind
turbines has been confined to a dozen families living within 3
km of the MQD-1. There have been no decumented com-
plaints of noise the author is aware of with any of the four
MOD-CA turbines currently operating, and two surveys of
the MOD-2 turbine have failed to find a tgndengy for im-
pulsive noise generation, 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 17-m Darrieus/VAWT
{51, The situation in Boone, however, has been severe enough
to warrant a close examination of the details of the MOD-]

Cortributed by the Solar Energy Division and presented at the 5th Biennial
Wind Bunergy Conference and Workshop, Washington, D.C., Ocrober 5-7,
1981 Manruscripa received by the Solar Energy Division March 4, 1942,

experience. The causal factors respoasible for the noise had to
be identified; this information would then be used to develop
a methodology to assess the annovance potential of other
wind turbine designs by measuring their acoustic radiation
with reference to the MOD-1 data.

Characteristics of Large Wind Turbine Noise

Figure 1 summarizes the acoustic pressure spectrum
associated with large wind turbines and indicates the
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 is the
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. .

Conventional classifications of rotor noise include
rotational, broadband or vortex, and impulse noise.
Rotational noise is characterized by the large number of
discrete frequency bands which are harmonically related 1o
the blade passage frequency. The amplitude of these bands i3
determined by the sum of the steady load, which is a functjon
of the commanded level of operation of the machine, and the
unsteady loading at any momeat ariging from such sources 5
inflow turbulence and upstream wakes. Broadband or vortex
noise resuits 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,
lis characterized by largely incoherent radiation over a wide
. frequency range with a spectral **hump’’ sometimes found at
i relatively high frequencies. Recent measuremenls of the
: MOD-2 turbine have found just such a “‘humyp’’ in the region
| shown in Fig. 1 {4]. lmpulsive noise, such as has been found
iw E I[EE,[ k -I 15 ii: ‘lll l ﬂ .
' tuarigns.iu.the radiatgd acoustic. figld which, can contain
\considerable energy. The dashed lines in the region tran-
tscending the rotational and broadband regions of the spec-
| trum in Fig, | are indicative of impulsive behavior and reflect
‘the very large number of harmonics necessary to describe the
{ blade loading spectrum which are the sources of the radiation.
|!mpulsive noise tends to be the most annoying because it
idominates all other sources due to 2 high degree of coherence
and radiation efficiency, From Fig. 1, the highest levels of
acoustic energy can be seen to reside in the Jow-frequency and
|subaudible (<20 Hz) ranges in the form of discrete bands.
I‘The presence of short period, unsteady blade loads will in-
ierease the amount of discrete radiation in the higher
|Fotational harmonics, usually peaking in the 8-15 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 psychological res and the
physical parameters involved with transient sounds which are
perceived by hurmans as annoyance. As part of their program
to develop a proposal for wind turbine poise criteria, the
psychoacoustics 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 {1},

A Possible Low Frequeacy Angoyance Mechanism

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 make a jgries of detailed

More than
"psycho-
logical”!
Physio-

logical!
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acoustic and vibration measurements inside and outside of
their homes during turbine operations. In addition to the
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:

(/) the annoyance was described as a periodic ‘‘thumping”
sound accompanied by vibrations;

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

¢iif) the sounds were louder am! more annoying inside their
homes than out; and

{iv} some experienced the rattle of a loose glass in picture
frames mounted on oulside walls and small objects such as
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perfume battles atop furniture making contact with an jnside
wall.

In our visits to other complaining homes, we asked in which
room the occupants believed the sounds were the most am
noying. Without fail, we were shown rooms which had at least
one window which faced the turbine. More often than nat, th
room was a stnaller one, usually a bedroom.

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



as house #8, which is located about | km and 300 m below the
wrbine. We also obtained a well-docuinenied measurement of
{hreshold level perception stimuli while recording in the
double-witde, mobile home idemtified as house #7, which is
jocaied approximately the same distance from the turbine and
tess than 0.5 km from house #8. These two data sets have
allowed us to compare the impulse excitation leveis from both
inside and outside the homes. We als¢ 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 2 shows the external pressure excitation

* of the radiated impulse and the resulting indoor pressure trace
i in the 31.5 Hz oclave {requency band. As can be seen, the

indoor impulse asts 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
sttimuli with the perception case, we analyzed the differences
between indoor and ogutdoor sound pressure levels and the
tevels 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
annoyance and perceptible level responses, respectively.
Figure 5 relales this data to local background.

Vibration. Figures 8 and 9 plot the frequency specira of
the harizontal component of the floor vibration under both
conditions of perception. in both cases, the sensitive axis of
the accclerometer was paraile! to the major floor support
fmembpers and in the direction towards the wind torbine,
Figure 10 plots the relative transmissibility function for the
acoustic and vibration data which indicates the level of
dynamic coupting between the mechanical forcing of the floor
vibration and the room acoustic pressure field. As is evident,
the horizontal floor vibration is more highty coupled 10 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.

Cowmparison with a Non-Impuifsive Excitation. Because
the stvong 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 [ow-frequency
sound 1o compare with the measurements taken in Boone., We
were fortunate 1o obtain a data set conpected 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 1 .
compares typical outdoor sound pressure specira from the
two types of turbines. The characteristic sound of the gas

turbine, which was caused v, resopances. Jn.Lis. sxhausl

reportedly evident, While the peak frequencies of the rwo
spectra are different, the levels are abour the same at 12 Hz.
Figure 12 replots the comparison with inrerior background of
Fig. 5 with the data from one ¢f the homes near the peaking

station added. Tiys home reporied similar sensations as the

Acceleration (dB re 1g)

T

10 106
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Fig. 8 Background and peak herizontal floor aeseleration levels in
Houze #7 under threshold lavel impuise forcing (B, = 8.125 Hz)
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Baoae residents, bul very little audible sound, i.e., the feeling

of a pressure wave, uneasiness, vibrations, etc.

lnterpretation of the Resulis. The repeated tendencies for
both the acoustic pressure field and the vibration data 1o 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, si! point to a complex vesonance
condition between the volume of air in (he rooms and the
vibration (displacement) of the walls and floors surrounding
it. One of the finest sources of data on the structural dynarmics
of residentia) buildings is a NASA Langley study authored by
Carden and Mayes [7). Through the use of sinusoidal ex-
citation and aircraft flyover and sonic boom noisc, they
determined the characteristic responses of iypical frame
houses appeared 1o be largely independent of location and age
due io the standardization of building codes which call out
such design details as stud and beam spacing, eic. They also
found, due to the construciion similarities called for by the
code, the resenant frequencies associated with the structural
elements ol most residential builaings fall within the same

zange bul individuaily depend 0D the construclion detans of

each house.

The acoustic pressure field within a room of a house is
dynamicaily controlied by (i) changes in 1he shape of the room
due to diaphragm action from internal and external pressure
changes, {ify higher mode resonances in the walls and floors,
{iify cavity oscillations (HelmholZ-type resonances) from air
moving in and out of the room through a door or window,
and (/v) 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 ! 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, §, and 9, the peak
acoustic and vibration spectira indicate sirong résonances at
many of 1he frequencies listed in Table 1, particularly a1 the 9
and 14 Hz diaphragm modes. Figure 14 presents an
iHustrasion from [7] showing the relationship of these modes
1o the struciural feaiures. From the available data, we have
conciuded the internal pressure field in these rooms and the
house in Oregon is being driven primarily through the
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diaphragm action of the outside walis facing the turbines. The

overshoot of the internal pressure levels evidemt in Fig.
indicates a dynamic amplification is taking piace and ¥



{ensifying the low-frequency pressure fluctuations in the
rooms. Audible sounds are heard in the Boone homes and not
in the Oregon house due to the higher wall/floor resonances
and room modes being excited by the MOD- impulse energy
at 12, 25, and 50 Hz (Figs. 6 and 7). The audibility conclusion
has been drawn by comparing the above background levels
with the NASA perception threshold criteria plotted in Figs. 5
and 12 [1]. Thus the results show the audible sounds are
connected with more impuisive-type excitation, but slowly
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varying, broadband sources with similar levels of sub-audible
acoustic energy are also capable of causing annoyance to the
residents of exposed homes.

Human Perception. Comparisons of Figs. 3,4, 5, §, and 9
show the major difference in the acoustic ¢nergy distributions
belween the moderate annoyance perception {thumping
sounds and vibration} and the threshold stimuli (a barely
discernible thumping sound but no vibration) appears to be
the peak level of subaudible energy present. The first modes
of human body resonance {in the direction paraliet 1o long
dimension of a stending person) occur at approximately §, 12,
and 17-25 Hz [8]. 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
mast sensitive frequency of 12 Hz {9].

S.iclaied o the
annoyance gssoci ith the pulsatipe pressure fields |
I easured i oupling with buman body resonances
Tabje 1
Resonant modes of rooms in houses 7 and 8 (Hz)
House #7 House #8
Dimensions {m) IxIx2I 3.6x35x24
Wall/floor resonances 9,14,20,30,59,79  9,14,21,26,50,60,65
(measured)
Cavity oscillation =44 =35
frequency (door open)
Room tande {requencies 56(10G,01007 47{100,01Q
79[110] 68[110]
80[001] 70[001]
981101,011) 85{101,0t1]

98}111]

[ ] give the x,y,2 normal modes.
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which in turn are responsible for creating the sensation of a
whole-body_vibration. This perception 15 more noticeabie
indoors due {o tﬂe mcreasa reverBerauon 1ime ana d NAMmIcC

OVErpressures from the Interaction Deiween 1he Structural ang

air_ volume resohances. From the meager information

avaliable 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 4% dB for the 17-25 He

QM;)
. e
4

Fig. 15 Thrasheld/exposure time relationship araund most sensitive
frequency {source: raference [9])

band, or +5, 0, and + 10 dB above the existing backgrouny
for Lhe respective frequencies. Such a process as proposeg
would explain the perceived annoyance within homes when ng
perceptabie sounds could be heard cutdoors.

Assessment Methodology

We have devised a technique by which the potential for
community annoyance from the low frequency soung
radiated by large wind turbines may be evaluated from
recordings of direct measurements. The method allows for g
dircct comparison of various turbine designs ar retrofits, Tiye
approach is based on measuring a parameter related to the
phase coherence between the discrete frequency bands presen
in the acoustic cnergy 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 belween discrete energy bands s
determined by computing the joint probability distributiong
of band sound pressure levels in a Series of conliguous oclave
frequency bands., These bands, which include more than 99
percent of the resonance-controfled frequency range shown in
Fig. 13, consist of the 8, 16, 31.5, and 63 Hz octaves. In order
to properly take into account the nonstationary nature of
wind turbine noise, we have found it is necessary to use the
time for one complete rotation of a blade as the analysis
period for the computing of distributions.

The actual technique involves the use of an 800-line
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 spectrom, and then transfers this spectrum
to the computer for caleulation 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 isopleths of equal joint probability.

Figures 16-19 contain plots of the results of measured joint
sound pressure distributions listed above, and a plot reflecting
the triple combination and & 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 centerline
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; measurements at a distance of 1.5 rotor dia for the MQD-1,
. the MOD-0OA at Clayton, New Mexico, the unit #1 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 house #7 in Boone, Unfortunately, the data from
, €ach site were not recorded under similar atmospheric con-
i ditions, The MOD-1 data represent the most severe sequence
- of impuisive 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
1 On 2 very limited sample taken in the afternoon at both sites.
The VAWT data represents the distribution for a series of
| Measurements recorded right at local sunset when the machine
 began to exhibit some impulsive noise characteristics.
*The resuits of this analysis indicate the following:
') The MOD-1 data represent a good measurc against

I . . .
:which to compare the acoustic performance of other turbines

because of the a associated with the
record used to compute the distribution.

{if} The shape of the distribution appears to be related to a
specific machine desipn.

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

(iv} The importance of the existing background on the
detection of turbine noise is graphically illustrated in the
comparison of the Bushland background distribution and that
associated with the threshold perception in Boonc 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
simeitaneously at or below 55-65 and 45-35 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 distance of 1.5 rotor dia, the
probability of community annoyance from low-frequency
turbine sounds appears remotc even under the quictest
background conditions.

Conclusions

In this paper we have presented cvidence to support the
hiypothesis that one of the major causal agents responsible for
the annoyance of nearby residents by wind turbine noise is the
excitation of highly resonant structural and air volume modes
by the cohereat, low frequency sound radiated by large wind
turbines. Further, there is evidence that the strong resonances
found in_the acoustic ithin_roc
measurgd indicates a tbie energy
body tesonances at 5, 12, and 17-25 Hz, resulting in a sen-
Sation oF waole-Cody vipranon. The audible sounds maoors
assotiated with the impulsive excitation of the structure
appear 1o be due to the coupling of erergy from the higher
frequency discrete bands in the impulse to higher frequency
room resonances related to the air volume itself,

We have described a turbine noise evaluation technique
which, in effect, measures the degree of coberence 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
pressure 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
regults of the analysis for a range of wind turbine designs has
shown the MOD-1 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
parrower range of band pressure levels.
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