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• Professional career in acoustics since 1980
• Ten years industrial power noise control at Stone & Webster
• Member ASA, INCE: committed to public health and welfare
• Design based on “good acoustic neighbor”methodologies
• Acoustic Investigator, wind turbines 2009 to present
• Measured wind turbine noise and pulsations at homes
• Tested inside homes, staying overnight

• Falmouth MA 2011, Shirley WI 2012
• Experienced adverse health effects as neighbors report

• nausea, dizziness, headache, spatial disorientation
• Peer-reviewed publications (cited in Pubmed)
• Expert testimony: national, state, county, municipal

Experience:
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Resources: INCE Ethics

Canon 1. Hold paramount the safety, health 
and welfare of the public. 

• Ethics requirements are not "optional".
• Potentially confusing and hazardous when 

professional ethics are ignored by applicants.
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Resources: Design Basis
• Meet noise regulations with safety margin
• Hold paramount safety, health and welfare

Resources: Direct and acquired knowledge
• Professional experience
• WHO evidence for noise impacts on health
• ANSI consensus standards
• Noise and Health studies
• Neighbor reports, listening, testing in homes
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We're dealing with a major noise problem.

• Wind turbines are sited mostly in quiet rural areas.
• Wind turbines are promoted as pollution-free.
• Most people think wind turbines are silent.
• Neighbors living near wind turbines in rural areas report 

adverse noise impacts; sleep disturbance, sickness.
• Regulators assess noise levels, ignoring noise impacts.
• Meters don't measure noise impacts.
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https://eerscmap.usgs.gov/uswtdbUSA ~ 58,000 wind turbines

https://eerscmap.usgs.gov/uswtdb


MOSTLY QUIET RURAL SITING
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QUIET RURAL NEW YORK
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NOISE MODEL showed
POTENTIAL IMPACT (ignored)
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SITING CRITERIA
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Most problems observed in wind turbine siting, 
including misleading marketing, regulations loosened 
(sometimes years) ahead of applications, "Good 
Neighbor" agreements, poor noise models, lack of 
noise impact assessments, unenforced noise 
regulations, noise complaints and legal action, stem 
from the primary design deficiency:
Distance has proved to be the only reliable noise 
control option available for wind turbines so far. In most 
places, there isn't enough distance to avoid impacts.
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• Noise siting criteria are used to protect human safety, health 
and welfare and the environmental amenity as well as wildlife in 
protected areas. 

• Noise-siting criteria include regulatory limits … when regulatory 
limits fail to protect the public, amenity, or natural and 
protected areas, criteria should be adjusted for protection. 

• Systematic siting criteria were first formulated in the 1950s and 
expanded in the 1960s responding to noise impacts from 
transportation. EPA developed impact criteria in the 1970s.

• Regulatory limits typically employ the A-weighted sound level 
(dBA). A-weighting is unsuitable for low frequency sound (ANSI).



13International Standards Organization, ISO/TC 43 
New York: United Nations, November 1969.
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• Background sound levels in rural areas are generally 
below 30 dBA at night, in the range of 20-25 dBA. 
• Wind turbine facilities are often permitted with no 

design margin… usually with limits of 45, 50, 55 or 60 
dBA in quiet rural areas... at the homes! 
• Designing far louder than rural background sound levels 

guarantees complaints, appeals, or stronger reactions. 
• When a facility produces complaints, appeals to stop the 

noise, and lawsuits, consultants and regulators have 
failed. 
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ANSI S12.9: Compatibility with Land Use
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"NOEL"

"LOAEL"

WHO Lnight,outside
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Outside to inside: windows open, -1 to -3 dBA; partially open, -6 dBA

Acentech to A. Kisicki, 9/25/15.



18

Why test outside-to-inside level reduction (OILR)?
• Wind industry models average (Leq) levels.
• Vermont permit included a 30 dBA indoors Leq, assumed a 

15-dB level reduction. Wrong: windows open, -1 to -6 dB.
• Neighbors complained, appeals... house not livable.
• Testing yielded real limits for house LR assumptions.

- OILR is also useful for assessing Lmax sleep impacts:
• WHO published Lmax thresholds for sleep impact.
• Wind industry has testified Lmax = Leq + ~6-11 dB.
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WHO Lmax,indoors
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In 2008 Health Canada Study director David Michaud 
identified high annoyance due to intrusive noise as a 
measure of health impact:
"Defining high noise annoyance as an adverse health effect 
is certainly consistent with Health Canada’s definition of 
what constitutes “health”. ... "a change in %HAn can be 
used in environmental assessments as one of the measures 
of the magnitude of an adverse health effect caused by 
project related noise." 

Annoyance



Health Canada

<3300' <1800'
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Annoyance
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Annoyance caused by noise:
“a high level of annoyance 
caused by environmental noise 
should be considered as one of the 
environmental health burdens.”

WHO, 2011.

Annoyance
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"A feeling of displeasure associated 
with any agent or condition known or 
believed by an individual or a group to 
be adversely affecting them" (Lindvall
and Radford 1973; Koelega 1987). Any 
sound that is perceived as irritating or a 
nuisance (ANSI 1995).

WHO, 1999.

Annoyance
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Nuisance: Over 40 dBA
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SITING CRITERIA
OUTDOORS NOISE LIMITS IN dBA



Hubbard 1982.
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Noise Criteria Reference Chart for Rural Areas
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Noise Criteria Reference Chart for Rural Areas

→ANSI: INCOMPATIBLE
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Noise Criteria Reference Chart for Rural Areas

→ANSI: INCOMPATIBLE

→WHO: SLEEP IMPACTS



30

DISCONNECT
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Most people think 
WIND TURBINES ARE SILENT
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Most people think 
WIND TURBINES = "CLEAN ENERGY"
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PRNewsfoto/Budweiser.

Merica
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Clean energy = wind turbines?
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No mention of noise… no stated plan to 
reduce noise pollution health impacts 
on communities, children or elderly.

"Environmental Justice" communities 
appear to exclude people living near 
wind turbines.
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Regulatory Capture?
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• ”..in the last six months following the Arkwright 
Wind Project, we have had a major increase in 
referrals of patients with idiopathic vestibular 
issues, syncope, migraines, seizures and strokes.” 
Evan Davis, a registered nurse and new resident to the area. 

• ”I’ve got no problems with them. I wake up with 
them, I love them … it’s a good thing for the 
community.” Doug Fairbanks, chairman of the planning 
board for Arkwright when their project went in.

Jo Ward, Jo Ward | Evening Observer | Sep 6, 2019
https://www.observertoday.com/news/page-one/2019/09/dissension-in-

the-air-villenova-hears-pros-cons-of-turbines/

Planning?
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WIND TURBINE NOISE
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Figure 3.12 Noise emission from 
a large wind turbine in the rotor 
plane, measured by microphone 

arrays at 1D upstream of the 
turbine. As seen, the noise is 
mostly produced at the outer 

part of the blade during its 
descent.

-- Nima Sedaghatizadeh, Thesis 
School of Mech. Eng, Adelaide, 

AU, 2019.

Note: Noise above 200 Hz.
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Wind Turbines Emit Low Frequency Noise (LFN)

Vestas V112 3MW Sound Power Level, manufacturers test.
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Wind Turbine Noise Generation 
via Computational Fluid Dynamics (CFD) Modeling:

"… the underlying mechanism 
associated with the perceived noise in the 
far-field of the turbine blades is amplitude 
modulation due to partial stall on the blades 
or interaction of the blades with incoming 
turbulent structures"

-- Nima Sedaghatizadeh, Thesis School of Mech. Eng, Adelaide, AU, 2019.
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Wind Turbine Noise Characteristic:
Two main features of the aerodynamic noise are noticeable: 
a) “swish” which has broadband content and directed 
towards the leading edge, generated primarily due to 
turbulent boundary layer interaction with the trailing edge of 
the turbine airfoil; 
b) “thumping” at the blade pass frequency which travels a 
few kilometres and is known to have the most annoying 
effect on people (Waye and Öhrström, 2002, Leventhall, 
2006, Bolin et al., 2011, Pedersen et al., 2009, Oerlemans 
and Schepers, 2009)."

-- Nima Sedaghatizadeh, Thesis School of Mech. Eng, Adelaide, AU, 2019.
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WIND TURBINE NOISE IMPACTS
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Wind Turbines Disturb Sleep.

“Sixteen per cent of surveyed respondents 
who lived where calculated outdoor turbine 
noise exposures exceeded 35 dBA ... reported 
disturbed sleep.”

[NOTE: Turbines 150-600kw size, not 1.5+MW.]
-Pedersen E, Persson Waye K. Perception and annoyance due to wind 
turbine noise—a dose-response relationship. J Acoust Soc Am 
2004;116:3460-70.
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Wind Turbines Cause Noise Complaints.

“Shortly after wind turbines began to be 
erected close to housing, complaints 
emerged of adverse effects on health. 
Sleep disturbance was the main complaint.”

--Drs. C. Hanning and A. Evans, British Medical Journal, 2012.



49

Nocebo? NO.

“Such reports have been dismissed as being 
subjective and anecdotal, but experts 
contend that the quantity, consistency, and 
ubiquity of the complaints constitute 
epidemiological evidence of a strong link 
between wind turbine noise, ill health, and 
disruption of sleep.

--Drs. C. Hanning and A. Evans, British Medical Journal, 2012.
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Nocebo discredited by research.

"Hair of badgers living <1 km of a wind farm 
had a 264% higher cortisol level than 
badgers >10 km from a wind farm. This 
demonstrates that affected badgers suffer 
from enhanced hypothalamo-pituitary-
adrenal activity and are physiologically 
stressed." --Journal of Wildlife Diseases, 52(3), 2016.
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Wind Turbines Cause Harm If Too Close.
“This case has successfully shown that the 
debate should not be simplified to one about 
whether wind turbines can cause harm to 
humans. The evidence presented to the 
Tribunal demonstrates that they can, if 
facilities are placed too close to residents. The 
debate has now evolved to one of degree.”

Ontario Case 10-121/10-122, Feb 2011
Erickson v. Director, Ministry of the Environment 
Environmental Review Tribunal, Decision, p 207.
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WIND TURBINE NOISE STUDIES
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Falmouth, MA 2011:
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Health Impacts, Falmouth, Ma 4/11, 520 m (1700 ft)
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Linear
3 dB per doubling 

of distance

dBA
6 dB per doubling 

of distance

Low Frequency Noise Dominates
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Stronger indoors, pressure pulsations.

PULSATION/PERIODICITY
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Pulsations at 0.7 Hz. Time series: linear, dBC and dBA.

PULSATION/PERIODICITY
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Rob Rand: “I went outside hoping to feel better. I looked 
straight at a tree with my eyes, and my brain said the tree was 
about 20 to 30 degrees elevated and about 20 to 30 degrees to 
the right. Then I tried to focus on a bush looking straight at it, 
and again my brain said the bush was off to the right and 
elevated at about the same angle as before; and the same for 
the house. For everything I looked at, immediately my brain 
would say it was elevated and off to the right.” Steve Ambrose 
had exactly the same experience, only not the same angles.

Spacial Disorientation (similar to jet pilot reports 
after repeated hard maneuvering)

Schomer et al, J. Acoust. Soc. Am., Vol. 137, No. 3, March 2015



59

Findings: The vestibular system appears to be 
stimulated by responding to these pressure 
pulsations rather than by motion or disease, 
especially at low ambient sound levels. Dose 
response appears involved, due to time onset. 
Planning: It is especially important to include a 
margin of safety sufficient to prevent inaudible 
low-frequency wind turbine noise from being 
detected by the human vestibular system.

Falmouth, MA 2011:
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Shirley, WI 2012:
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Residents report being intensely affected 
despite inaudibility 

and to be aware of turbine operation 
when the turbines are not visible. 

Walker, 2012.
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Shirley Study 2012 Team Summary:
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Shirley Study 2012 Rand Conclusions:
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Most residents do not hear the wind-turbine sound;
noise annoyance is not an issue. The issue is 
physiological responses that result from the very low 
frequency infrasound and that appears to trigger motion 
sickness mainly in some of those who are susceptible to 
it. These results suggest a relation between wind 
turbines and motion sickness symptoms in what appears 
to be a small fraction of those exposed. 
(Note: perhaps 5-10 percent of the population).

A theory to explain some physiological effects of the infrasonic emissions at 
some wind farm sites: Schomer 2015

Schomer et al, J. Acoust. Soc. Am., Vol. 137, No. 3, March 2015
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INTRUSIVE LOW FREQUENCY NOISE:
A PROBLEM KNOWN FOR DECADES
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Low frequency noise: 
Sick Building Syndrome, 1970s.
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Intrusive noise penetrates homes, disturbing. (Hubbard 1982).
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Low frequency noise adverse well below the “hearing threshold”.

Hubbard 1982.
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With increasing turbine size, 
pressure pulsations have dropped 
into the frequency range 
associated with motion sickness.
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ISO 9996: Mechanical vibration and shock - Disturbance 
to human activity and performance - Classification
(Quoting from equivalent open standard IS 14979:2001)

"Motion sickness (popularly named airsickness, 
seasickness and so on, according to context) is a
commonly experienced and sometimes severe but 
reversible (i.e. physiological) disorder specifically 
associated with exposure to actual or perceived 
oscillatory motion in the frequency range 0,1 Hz to 1 Hz.
One or more of a constellation of symptoms (with or 
without frank vomiting) may afflict the sufferer."

Motion sickness and low frequency oscillations:
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"There is evidence that infrasound has a physiological 
effect on the ear. Until this effect is fully understood, it 
is impossible to conclude that wind turbine noise does 
not cause any of the symptoms described.”
J Laryngol Otol. 2013 Mar;127(3):222-6. 
doi: 10.1017/S0022215112002964.

Department of ENT Head and Neck Surgery 
Glan Clwyd Hospital, Rhyl, Wales, UK 

https://www.ncbi.nlm.nih.gov/pubmed/23331380
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”..infrasound near the hearing threshold may induce 
changes of neural activity across several brain regions, 
some of which are known to be involved in auditory 
processing, while others are regarded as key players in 
emotional and autonomic control. These findings thus 
allow us to speculate on how continuous exposure to 
(sub-)liminal IS could exert a pathogenic influence on 
the organism.” 

Weichenberger M., et al, Department of Psychiatry and Psychotherapy, Charité-
Universitätsmedizin Berlin, Berlin, Germany. Physikalisch-Technische Bundesanstalt (PTB), 

Braunschweig and Berlin, Germany. University Clinic Hamburg-Eppendorf, Clinic and Policlinic 
for Psychiatry and Psychotherapy, Hamburg,Germany

PLoS One 2017 Apr 12. doi: 10.1371/journal.pone.0174420
https://www.ncbi.nlm.nih.gov/pubmed/28403175
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Field Tests: Wind turbine and surf pulsations
1.65MW Wind turbine 525m, indoors, 4/2011. SICK, DIZZY, NAUSEOUS.

Strong surf 30m, indoors, 10/2012. HEALTHY, SLEPT WELL.
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Usually noise complaints are for indoors impacts.
Usually for low-frequency noise (LFN).
Usually for pulsatile or repeating peak noise.

DISCONNECT WITH REGULATORY AUTHORITY:
A-weighting is not representative for LFN (ANSI).
Regulation limits outdoors, impacts indoors =  Lawsuits.

Evaluate with linear, un-averaged, attended 
LFN intrusive noise standard, Danish Lpa,LF (10-160 Hz)

Noise complaints indoors
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Nantucket: 100kw IWT, re Danish 20 dBA,lf
standard. LFN pulsations clearly visible.
LFN INDOORS: APPEALS TO STOP THE NOISE
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Low frequency noise induced annoyance:

“Those exposed may adopt protective 
strategies, such as sleeping in their garage if 
the noise is less disturbing there. Or they may 
sleep elsewhere, returning to their own 
homes only during the day.”

Leventhall HG. Low frequency noise and annoyance. 
Noise Health [serial online]

2004 [cited 2009 Dec 31];6:59-72. Available from:
http://www.noiseandhealth.org/text.asp?2004/6/23/59/31663
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Wind Turbine Noise Control Options

Unlike all other power plant technologies,
which have numerous noise control options:
The only reliable noise control option 
for wind turbines is DISTANCE.
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Reality: NOISE POLLUTION isn't "CLEAN".



79

Reality: Wind turbines are NOISY

When too close to neighbors: NOISE POLLUTION.
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IN THE NEWS…

In the mid-2000s Australian Upper house MP 
Simon Ramsay was a vocal champion of wind 
energy and obtained permits for turbines on a 
parcel of his own land, ...  His recent activism 
has included campaigning against turbines for 
which he previously held permits. He sought a 
string of concessions, including that the 
company scrap all turbines within two 
kilometres of his home.

theage.com.au, 2/12

http://www.theage.com.au/environment/energy-smart/mp-pressured-wind-farm-developer-20120221-1tlwc.html

2000 meters (6560 feet) – Politician.. demands failed.
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Jess Bidgood/WGBH

430 meters (1410 feet) – Neighbor.. appeals ignored.



THANK YOU FOR LISTENING.

Robert W. Rand 207.632.1215

rrand@randacoustics.com

www.randacoustics.com


