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turbine sound. The horizontal axis is time with each major
division being 25 seconds. The vertical axis is frequency,
starting at just under 10 Hz at the bottom and reaching 2,000
Hz at the top. SPL is indicated by color, with blue and black
representing levels below 35 dB (Linear), purple 35 to 55 dB,
red and orange 55 to 75 dB, yellow 75 to 85 dB, and white 85
dB and higher.

This spectrogram shows rapid, deep, modulation of infra-
sound in the frequency range from below 10 Hz that contin-
ues up to 20 to 30 Hz. The conditions that cause infrasound to
increase are generally attributed to inflow turbulence. The
energy at frequencies near the blade passage frequency
(approximately 1 Hz for this example) pulsates in rapid short
bursts lasting only a few milliseconds. This is seen as the
striations of white-yellow to orange-red representing the
peaks and valleys of the pulsations. With red representing
approximately 55 dB SPL and white representing 85 dB SPL
and higher, the pulsations have a range of about 30 dB with
durations as short as 10 milliseconds. Although not shown in
Figure 9, peaks of 90 dB and greater were observed. These
are not data representing operation during an extreme weather
condition. The turbine closest to the test site distinct from the
others and the sound level was in the range of 35 dBA during
much of the data collection period. This is not a worst case for
this turbine and test site. It has been measured at levels over
45 dBA Leq during other measurement sessions when the
atmosphere was disturbed due to an incoming storm front.
When one considers that the turbine’s dBA level is only 35
dB and the modulated sounds seen in the figure above are at
levels of 80 dB and higher, it is reasonable to state that wind
turbines do produce significant infrasound. As shown in the
spectrogram, SPLs are less than 25 dB linear in the frequen-
cies above 1,000 Hz. Wind turbines are primarily producing
infra and low-frequency sound.

Information of this type shows that modern upwind
industrial-scale wind turbines can produce significant levels
of infrasound and that the sounds produced are a complex mix
of tones with rapid modulation patterns. These sounds will
likely be more easily perceived than steady pure tones in a
laboratory. The potential for dynamically modulated infra
and low-frequency sounds to cause AHEs has been known
for other types of noise sources. There is sufficient infra-
sound and very low—frequency noise produced by modern
wind turbines to warrant caution when locating turbines in
communities proximate to residential properties based on the
potential for AHEs.

What Was the Wind
Industry’s Position on
Noise and Health in 2004

Discussion of wind turbine utilities being located in rural
communities, including those located in states east of the
Mississippi, began in the early part of the past decade. The
position of the wind energy industry at that time with respect

Figure 10. Leventhall talks to British Wind Energy Association
Note. From the British Wind Energy Association website (circa 2010;
http://bwea.com/)

to noise and health often referenced statements made by
Dr. G. H. Leventhall. Others have also acted to support the
wind industry’s practice of locating wind turbines in quiet
rural areas near residential properties. However, Leventhall
is probably the most recognized and is one of the most
senior acoustical experts to have expressed opinions about
wind turbine sound and the potential for it to cause AHEs.
Therefore, it is reasonable to review his position on wind
turbine noise.

Figure 10 summarizes several statements attributed to
him and published in trade industry publications and hand-
outs such as British Wind Energy Association. The author
notes that British Wind Energy Association now calls itself
Renewable UK.

The first statement “categorically” denies that wind tur-
bines could produce infrasound that might cause AHEs.

Dr. Leventhall is confident that there will be no effects:
“There will not be any effects from infrasound from the
turbines.”

In addition, he addresses blade swish and states that it is
not infrasound. The author does not disagree with this state-
ment. However, blade swish as it relates to infrasound is only
a small piece of the issue regarding AHEs. Infrasound and
other factors as described in this article can have significant
negative effects on the health of those near wind facilities. It
is uncertain whether this statement only intended to focus on
infrasound in the context of blade swish. If this is so, then
it may de-emphasize other legitimate concerns about infra-
sound. Based on past and current research, it is evident there is
a need for better quality studies about infrasound and AHEs.

What Is the Current Position of the
American Wind Energy Association?

Figure 11 is an excerpt of the section relating to health
effects of wind turbines.
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In 2009, the American Wind Energy Association (AWEA) and the
Canadian Wind Energy Association (CanWEA) established a
multidisciplinary scientific advisory panel comprising medical
doctors, audiologists, and acoustical professionals to review current
literature available on the perceived health effects of wind turbines.
The panel, whose findings were published at the end of 2009,
concluded that wind turbine sounds are not unique. Based on the
levels and frequencies of the sounds, the panel found no reason to
believe that turbines could plausibly have direct adverse
physiological effects. An executive summary of the report is at

@://www.awea.org/newsroom/ reIeases/AWEA_CanWEA_SoundWhitePaper_E?
umm.pdf.

Figure | 1.Wind energy, sound, and science

Conclusion

Areview of the work of acoustical experts such as Swinbanks,
Ebbing, Blazier, Hubbard, and Shepherd and others mentioned
in this article shows that these problems were reported at
professional conferences and in research papers.

There is sufficient research and history to link the sensi-
tivity of some people to inaudible amplitude-modulated infra
and low-frequency noise to the type of symptoms described
by those living near industrial wind turbines.

This information should have served as a warning sign.

Experts, some well known in the field of acoustics, have
defended the wind industry position through white papers,
reports, and testimony in hearings, and through committees
that are establishing guidelines for siting industrial-scale
wind turbines.

The acoustics profession and individual acousticians
should have recognized the early reports of symptoms by
people living near wind turbines as a new example of an old
problem. Instead of advocating caution in locating wind tur-
bines near people, the rush for renewable energy took prece-
dence. The position or belief that there was little or no
possibility inaudible infrasound and very low—frequency
noise could be causing the reported problems has delayed
further research and the safe implementation of industrial
wind turbines.

It is the author’s opinion that had past experience and
information, which was available prior to the widespread
implementation of the modern upwind industrial-scale wind
turbine, been incorporated into the government and industry
guidelines and regulations used to siting wind turbine utili-
ties, many of the complaints and AHEs currently reported
would have been avoided.
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Notes

1. Dr. Philip Dickinson noted during personal communications
that the term sick building syndrome was coined by Dr William
(Bill) Allen (ex-CEO Building Research Station, United
Kingdom) and members of the Institute of Sound and Vibration
Research when investigating such low-frequency noise prob-
lems in universities and schools in 1970/1971.

2. Letter to G. Leventhall regarding the presence of beat frequen-
cies from HVAC systems noting that up to 58% of them may
have modulated infrasound in the frequency range below 10Hz.
This was offered as an explanation for why it was necessary to
modulate the low-frequency spectrum used in the ASHRAE
research to get “natural sounding” HVAC noise.

3. Conversion by G. Kamperman. It should also be noted that
where the dark blue line representing the mean sound power
level extends beyond the edges of the upper and lower confi-
dence limits, the extension was based on data from a few
additional turbines discussed in another DELTA report. For this
graph, the additional data were incorporated to extend the mean
level down to 10 Hz 1/3-octave band. The confidence limits
were not recalculated for the entire data set, so the traces of
confidence limits only cover the range of the initial 37
turbines.
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