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Executive Summary

While ongoing for decades, more recently recorded consecutive years of rising oceans and mean global
temperatures with increasing patterns of intensifying storms and fires have only heightened Man’s resolve to
fundamentally change worldwide dependence on fossil fuels. We are now responding with a sense of urgency.
“Renewable” energies, particularly wind and solar, among other renewable sources, have been promoted as
“winning solutions”. Photovoltaic (solar) energy has become more affordable and is utilized more in sunnier
locales. Commercially, beginning in northern Europe, Industrial wind turbines have, over three decades, spread
rapidly across the globe. With increases in size to achieve increased power generation capacity, they appeared
in the U.S. initially as a novelty but have been rapidly proliferated without a “proper introduction”. Seemingly
simple and intuitively harmless in design and implementation, when placed too close to human habitation,
serious problems have occurred. It is as though we “leaped before we looked”.

| am a Cardiologist who specialized in heart rhythm problems and | am providing a personal statement
primarily focused on the adverse health effects (AHEs) arising from industrial wind turbines (IWTs).

A bit of history ties my interest to this concern:

Over two years ago, the “legitimacy” of industrial wind turbines as a source of SAFE and sustainable electricity
was suddenly thrust into my life. This appeared as a “benign letter” from a local energy provider. Proposed, was
a 52-turbine farm to be erected close to my property... a place protected by a conservation easement for
having a few remnant prairie hillsides. In the surrounding miles, grazing and row-crop agriculture was the
focused livelihood. These communities are the definition of an extremely quiet “rural residential” landscape. |
knew almost nothing about wind turbines and, like nearly everyone, thought they were quiet, good for the
world and assumed they were safe. In the ensuing weeks, public meetings were held where interested citizens
had a chance to voice their opinions and concerns. Despite very time-limited presentations, it became obvious
that opinions had rapidly polarized, shifting the debate from county vs an outside faceless large corporation to
neighbor vs neighbor. Mid-American Energy (MAE), the Wind contractor, was there to answer questions but
provided no hand-outs nor substantial didactic information. They sat in a group being largely silent, they only
returned brief, limited answers when questioned. There was an industry physician-consultant from Boston
who presented his opinions but no facts or data, and directly dismissed that noise related complaints were
“real”. Instead, (he implied) that those complaints were mostly imaginary physical or mental consequences
from the presence of the IWTs. Any reasonable person present walked away after the meetings having no idea
what health ramifications from IWTs might occur. The word “obfuscation” (the action of making something
obscure, unclear or unintelligible) appeared in my mind.

Wind Energy’s Position about Adverse Health Effects:
In these initial Board of Adjustment, and then later Board of Health meetings, Wind Energy maintained their
“position”:

1) that Industrial Wind Turbines are safe - yet without qualifications of how that self-designation of “SAFE” was
given” — no studies, records and evaluations of structure failures, etc. They almost always follow the “safe
statement” with boasting of the number of IWTs they have placed in lowa and the revenue to the state, jobs
created, and on and on, but never have provided evidence that scientifically proves “they are safe”. Wind
energy has limited “original” investigative research. Often a panel judges whether existing data supports the
assertions by scientists that IWTs do cause AHEs. The subsequent peer review become akin to judging
“opinions with opinions”. Importantly, “indirect” impacts, which Wind Energy routinely ignores, are just as
significant to the people who are impacted as are “direct” impacts. In fact, there is an enormous amount of
data linking IWTs noise emissions to direct and indirect AHEs. Thorough and objective reviews of Wind energy’s
claims have been challenged and previously “debunked” (Punch and James, 2016). When challenging Wind
Energy’s representatives with the assertion that “industrial wind turbines have never been proven or shown to
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be safe”, the don’t respond — almost as a “taught response”. Yet, after a Board of Health meeting, even one of
the “pro-wind” lowa Environmental Council academic speakers did agree with me that IWTs have not been
proven to be safe.

2) that they (MAE) receive very few complaints... eventually they resolve. They contend that the “nocebo
effect” accounts for most resident complaints. In this context, the nocebo effect is the association of
symptoms and complaints “brought-on” by existing negative attitudes toward IWTs.

3) that there is no credible evidence that IWTs cause cardiovascular disease or metabolic disease.

4) that they reluctantly admit that some of “their studies” show that IWTs cause “annoyance” but reflect that it
has no substantial health impact. Wind Energy, never comments about IWT-associated “severe annoyance”
that causes resident evacuations of their home (which is also considered an adverse health effect).

5) that they will not admit that IWT noise causes sleep disruption. Strongly connected to this is their assertion
that infrasound and low-frequency noise (ILFN) as a product of IWTs, accounts for a small part of the IWT noise
and that infrasound cannot be heard and therefore cannot cause harm. Indeed, they firmly contend that ILFN
is of no concern and strongly insist it should not be regulated.

| have carefully reviewed Wind Energy’s position on all these adverse health effects. | have searched for
definitions, textbooks, articles, and the presence and quality of reported peer-review. When defending their
assertion that IWTs are safe, Wind Energy speaks both slowly, and definitively then “hides” behind the spoken
words “no credible evidence”. A reasonable person would ask “What would Wind Energy consider as credible
evidence” and, as a concerned resident, what “credible evidence” have you produced that proves that IWTs are
safe?

Purpose of this Manual

In this manual, | have collected information — first for myself - to clarify and resolve my questions and concerns.
As the answers became evident (though admittedly difficult to find, clarify and integrate), the story of how this
“intrusion” happened became clear and | share it with you. This manual will hopefully later serve as a resource
for all who will question what health risks (as known in 2020) may be associated with living close to industrial
wind turbines. This information took several years to collect. The process by which Wind Industry acquires
county permitting is “rushed through” in literally only several weeks making this information, given that
inconsiderate timeline, virtually unobtainable.

In this manual, | present evidence supporting my opinion that Industrial Wind Turbines (IWTs) will cause
adverse health effects when located near residential properties in formerly quiet rural residential communities.
Beyond the potential serious health implications... we all need to fully understand and reflect carefully on the
full implication of what these behemoth oscillating blades mounted high on towers will do to our personal and
social and environmental communities.

| present relevant aspects of IWT-generated noise - including noise classification and its quantitative labeling
through frequency and decibels measures and types of weighting through various filter types and how accurate
noise exposure quantification is affected by filtering choices. The unique characteristics of IWT noise are
reviewed and compared with other environmental noises. | will review the categories of noise frequencies
across the entire range of emission of IWTs and important aspects of noise propagation and attenuation.
Please view the table of contents for contained subjects; ALL of these subjects are relevant. The reader must
NOT stop at the simple debate of “he said vs she said” about health impacts. | found the answers largely in
what “wasn’t said” and past “acoustical history” and current corporate behavior.

| will highlight important historical events that add to the context of today’s IWT regulation. For example, we
need to be fully aware that VERY in-depth evaluations were done in the mid-1980s by NASA and the Dept of
Energy-funded research. Scientists (N.D. Kelley, et. al.), in their thorough (basic science-level) investigations,
were asked to evaluate the potential possible implementation of IWTs for adverse impacts. Their focus was on
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understanding the physics of wind turbine operation and energy production. They also studied noise types
produced by IWTs and observed and reported on the first confirmed cases of adverse health effects that
developed with IWT prototypes up to 4 MW in generating capacity. Their initial determinations of ILFN and
associated serious AHEs were first raised then and remain relevant to this day, although ignored by Wind
Energy and its proponents. Also revealing is the history of acoustical evaluation of health-impacted occupants
of some newly erected buildings from the 1970s to 1990s that was characterized as “sick-building syndrome”.
Recognized in affected subjects, were similar symptoms connected to working near gas-fired turbines. Careful
evaluations confirmed that ILFN from indoor HVAC (heating/cooling units) produced the symptoms.
Fortunately, buildings can be re-designed, defects in air ducts fixed, and additional sound insulation placed, but
the only way to eliminate ILFN from IWTs is to turn them off or distance them from residents and their property
far enough away that the ILFN can no longer be heard nor “perceived”.

There are other issues besides adverse health effects:

It is important to ask questions and demand that they be answered; DO NOT assume that what Wind Energy is
telling you is correct. Questions, such as “where did these setbacks come from? How, based on what we
know, can we have setback distances that are so close and still be considered ‘safe’? Whose responsibility is it
to review these setbacks and decide if they are safe? How did Wind Energy’s proclamation that ILFN ‘is not a
health concern’ ever become “accepted?” Why is potentially harmful noise pollution allowed to trespass
across the private land of non-participating neighbors — particularly when pollution regulation for other
industries occurs up to/at the property line?” | still ask whether the MAE’s land easements (for the entire host
property) and the value of that land is used as collateral for the financing of the purchase and erection of the
wind farms? If it is, what happens to that land ownership in the event that America comes to: 1) reject the
denial of Wind Energy’s adverse health consequences, and also 2) see that Wind Energy is not “green” and
requires concomitant availability of back-up natural gas-burning that essentially negates any “renewable”
aspects and 3) realize that the real cost of that electricity is roughly 3 times the cost of conventional electric
power/kw of energy produced once the subsidies are factored out. Shouldn’t we be building energy power
plants that work nearly all the time (instead only one-third) and have a productive life of at least 40-50 years
and 4) understand the extraordinary expense not only to maintain a functioning turbine but also related to
eventual turbine/site decommissioning and non-recyclable blade disposal costs.

Where does all that money come from? Fifty-eight-year leases are a long time — generations come and go,
political party majorities and Presential decrees that control the narratives keep flipping and MUCH better
power production sources will become available. We need to think more about this before “leaping further.”

I include in “Part 9” important findings while searching for an explanation of why inflicting harm on people
living in host communities is “acceptable”. To understand why things don’t make sense you often have to
explore the motives of — (in this case, including, but not limited to) Wind Energy. Beyond the motives, are the
real actions and developed agendas that allow an industry to secure, maintain and perpetuate “their
narrative.” | have included several examples of what some would call “blatant” deception. For example, there
is a formal presentation made by a Danish healthcare practitioner (Dr. Johansson) to Vestas’ executives where
“the truth was told” but his warnings were ignored. | will leave the reader to draw his own conclusions. Sadly,
the whole process continues largely unchanged. Wind Energy apparently deems their current approach as a
successful business plan and continues their practices largely unchanged. We, as the users who consume
electricity, have a right to know the truth behind the industry’s talking points.

It would be unfair to criticize wind energy production as an answer to global warming without offering other
solutions. That said, one might assume that if an obvious better choice was available without all the problems
and negative health impacts as | have reviewed, it would’ve been pursued. However, there are alternatives
that are ignored. My comments are listed in part 10, “Carbon Management”.

Stay Focused on the “Broad” Definition of Health
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When the public or politicians are asked if wind turbines are dangerous or cause health problems, they
sometimes “mentally imagine” the worst — post-apocalyptic or post-wartime images or even human suffering
with death and hospitalization of the order we now see with the Covid-19 pandemic. Even “captured”
politicians, proponents, and/or Wind Energy trade organizations couldn’t sell that when subjected to any
scientific scrutiny. Instead, we need to remain “broad-minded” to what health actually is - which is NOT limited
to a defined set of continuously disabling symptoms that evolve in everyone over the short term and likely
affects everyone the same. It is also not limited to a health effect that is progressive until death develops or
when eventual disease syndromes become established with an established diagnosis. Adverse health
consequences of environmental noise can be the asymptomatic (unrecognized) development of hypertension
or vascular atherosclerosis or insulin resistance or can be much simply defined as the “the loss of wellbeing”.
Indeed, some of the most common and impactful adverse health effects may come “as” headaches, tinnitus,
dizziness, subtle confusion, unexplained loss of ambition or productivity, emotional lability or obvious or subtle
depressive symptoms. Noise adverse health effects may initiate and accelerate disease progression, that may,
when combined with genetic or known “accelerators” of disease (smoking, alcohol abuse, etc.) over a life-time,
manifest as a recognized cardiovascular disease event — stroke, fatal or nor-fatal heart attacks.

The World Health Organization (WHO) defines “health” as a state of complete physical, mental and social
wellbeing... The WHO definition links health explicitly with wellbeing and conceptualizes health as a human
right requiring physical and social resources to achieve and maintain. Mental and physical health are
inextricably connected, thus highlighting that “annoyance” — at almost any level — can contribute to adverse
health effects (AHEs). As described by DeFrock (Australian), “Annoyance is a non-quantitative word that
implies mildness in common use. A more accurate general descriptor would be mild, serious or ‘intolerable’
impacts.” In the context of this report, “annoyance” generally means “High Annoyance” where it can result in
indirect adverse health impacts. But even “mild” annoyance can create a negative or disagreeable reaction
(which is NOT the nocebo effect) that can create a loss of wellbeing. Wellbeing refers to a positive rather than
neutral state, framing health as a positive aspiration. Wellbeing is defined as “the state of being comfortable,
healthy or happy”. Shouldn’t we protect an individual right to health and happiness — that defines wellbeing -
by limiting intrusive noise pollution at one’s private property line?

Cardiovascular Disease Explained (simplified)

In the Cardiology world, “atherosclerosis” is a term describing the development of (lipid (fats)-filled plaques)
that get sequestered within the superficial inner layer of arteries that is contained by a “thin fibrous cap”.
These are initiated and develop through a complex process simply characterized as “inflammation”. Standard
cardiac “risk factors, e.g. smoking, diabetes and others) facilitate atherosclerosis development. As plaque
evolves, there is a complex action via cellular and neurohumoral processes that appear to be quite similar to
those seen originating from other triggering sources. Some of those sources include small-sized air pollution
particulates, PTSD, and of particular importance, environmental noise. In my medical practice | treat atrial
fibrillation. Nearly half of those patients also have obstructive sleep apnea (OSA) which is thought to have
significant adverse inflammatory triggering that may promote concomitant ischemic heart disease,
hypertension and insulin resistance. Although likely less intense as a “stressor” than OSA, | believe IWTs act
similarly through a stress related inflammatory pathway to promote cardiovascular disease.

With noise as the trigger, it is thought cardiovascular disease is promoted from “from an increased physiologic
stress response” from noise levels “in excess of defined intensities”. It appears there are noise thresholds
(which the WHO has attempted to define). Similar to OSA, it may also occur indirectly through noise-associated
sleep disturbance which then produces a “stress response” via the sympathetic limb (“fight or flight”) of the
autonomic nervous system. The autonomic nervous system can trigger vessel inflammation which then can
promote atherosclerosis. In general, the more and longer the stress continues, the older the individual (with
more time to develop larger and more “unstable” plaques), the more the likelihood that disease will become
evident or “expressed”. With often unpredictable sudden “stress response triggers and/or anatomical plaque
instability,” the plaque ruptures, exposing the lipid-rich core that initiates “local clotting” that may enlarge and
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propagate causing potential artery closure that quickly produces a state of deprived “down-stream” oxygen
delivery. In the heart, when this happens, it causes a heart attack — termed “myocardial infarction”. Health
means living a life where such consequences become less likely through avoiding or mitigating “unconscious
inflammatory bodily responses” that promote the genesis of disease states. Atherosclerosis development
should never, minimally, suddenly or eventually be allowed to continue so as to produce cardiovascular disease
“endpoints”.

World Health Organization Comments on Wind Turbines (2018 Report)

Acceptable environmental noise exposure levels are defined in the Oct. 2018 WHO report for aircraft, rail,
general industry, and road traffic sources, with “strong recommendations”. That rating reflects the quality and
the amount of the scientific data relevant to those studied noise sources. Also, in that publication - for the first
time - a suggested “conditional” exposure level for wind turbine noise exposure being expressed as “Lden” was
published. Lden means average sound Level: day, evening, and night of AUDIBLE noise as “averaged” over a
24-hour period with penalties of 5 dBA for evening periods, and 10 dBA for nighttime periods. It is measured
using an sound meter set to use the “dBA” filter and weighted by time of day for the penalties. That filter is the
most common one promoted by Wind Energy in turbine acoustics and is “centered” around 1000 hertz. The
problem with this is that it does not accurately reflect the acoustic energy of ILFN. The conditional wind
turbine noise level exposure was a limit of 45 dBA Lden, equal to that of aircraft noise but substantially lower
(more restrictive) than railway or road traffic. Assuming wind turbines operate 24 hours a day this limit is
equivalent to a 38 dBA Leq 24-hour average sound level. The data review committee of the WHO document
recommended “policymakers implement suitable measures to reduce exposure from wind turbines in that
population exposure to levels above the guideline values”. The “conditional” recommendation reflected that
the data was not “robust enough (statistically, due to small numbers of subjects)” to support a “strong”
recommendation. Importantly, they commented that there was no data suggesting that there was no risk. It is
worth noting that the WHO'’s 38 dBA Leq 24 hour average is what would be calculated using the American
National Standards Institute (ANSI) and Acoustical Society of America (ASA) Standard S12.9 Part 4 for assessing
Land Use Compatibility. It is important to consider that the pre-specified health outcome evidence used was
mostly limited to more serious adverse health consequences such as ischemic heart disease (atherosclerotic-
disease related), hypertension (elevated sympathetic tone and acquired loss of normal vessel relaxation
related) as well as the prevalence of highly-annoyed populations (outdoors). Because wind turbine sound
fluctuates as much as 11 dBA above the average this level would not eliminate stress from moderate
annoyance or sleep disturbance.

| have also included “noise response curves” for severe annoyance in the appendix of part 6 (Adverse Health
Effects) from the Wind Farm Noise Textbook (Hansen, Doolan, Hansen, 2017) that show published data (2001,
2008, 2016) from several studies. These two graphs IMPORTANTLY reflect an even greater annoyance from
IWTs (which is dominated by low frequency noise) than what is reflected by dBA measurements (measuring
only audible noise) as was used in the WHO report. This highlights that IWT noise is commonly described as
“distinctly annoying” and is composed of noise from nearly all portions of the noise spectrum, rumble, roar and
whoosh type sound. Indeed, the omnipresent component of ILFN is a real and prominent contributor to
increased annoyance from IWT noise. IWT noise can be even heard when below background noises like leaf
rustle, comprised of mainly mid and high frequency sound in communities at night likely due our perception of
that low frequency noise component. Annoyance derived across the “wide-range” of frequency components of
IWT noise NEEDS be accounted for when enacting “protective wind ordinances.”

It is remarkable (to my knowledge) that Wind Energy has not commented on these incredibly high-level
scientific assessments of potential concerns of environmental noise. The WHO virtually echoes that IWTs have
never been shown to be safe. The WHO also clearly moves toward the level of declaration | make in this
manual: that IWTs have AHEs including possibly serious cardiovascular effects. In fact, there is strong credible
evidence that IWTs produce serious AHEs
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| would suggest separate regulatory noise limits for both audible and ILFN noise exposures with both 40 dBA
(for audible) and 60 dBC (for ILFN) noise limits — each expressed as “shall-not-exceed” dBA or dBC (Lmax(fast))-
Compliance with these limits shall be measured by Class 1 sound level meters set to use the “fast”
measurement circuits. Other circuits incorporate averaging which will understate the fluctuating character of
wind turbines that is the likely cause of annoyance, sleep disturbance, and other AHEs. Despite that MAE
would like to suggest otherwise, dBC measuring tools are “standard” on professional grade sound measuring
equipment which can measure both at the same time. Noise levels can be easily obtained at the property line.
Prior regulatory parameters of setback distances (e.g. 1500 feet) or 45 to 50 dBA as Leq averaged sound levels)
will NOT be protective of human adverse health effects. They do NOT account for fluctuating audible and ILFN
acoustic energy — that have been correlated to AHEs, or the location of non-participating residences on their
properties. When any wind contractor sites a turbine, they should include a design safety factor to be certain
that during periods of fluctuating sound emissions the project will not exceed either of those noise limits or it
will be “out of compliance”. If they are uncertain about audible and ILFN propagation/attenuation or the
accuracy of computer modeling, then a greater distance-separation or use of a quieter wind turbine make and
model should be used so as to completely eliminate the potential of harming residents”. Sound limits are
carefully defined to protect residents and should not reflect a compromise to facilitate industrial development.
Non-compliance or less restrictive noise limits that result in resident harm is NOT acceptable as reasonable
“collateral damage”. Of note, George Hessler published a 2004 article that proposed dBC criteria in residential
communities for low-frequency noise emissions from industrial sources that do not have fluctuating sound as a
primary characteristic.

What are the Noises that IWT make?

IWT noise includes regular, dominant “pulsing” sensations perceived as either audible fluctuations in the sound
or as bodily “pressures” due to air compression of the flowing air mass. These pressure waves are caused by
changes in the lift of each of the 3 blades as they pass in front of the huge supporting tower. Also, as the blades
rotate through the frequently vertically-stratified moving air mass, they may, under heavy “loading” conditions,
lose lift (or stall) producing perceptible rhythmic swishing/thumping sound to which residents can become
sensitized. Residents can often perceive these fluctuations as “whooshes” or “thumps” at considerable
distances, well over a half mile - which is quite disagreeable and difficult to block from one’s awareness and
may occur at a distance where the IWT cannot yet be seen, especially during the night when people are
sleeping in quiet bedrooms. There is a rhythmic pulsation generated at the trailing-edge blade noise by the
steady rotation speed that produces “blade-swish whooshes and thumps” and irregular, low-frequency “roar”
from the blades due to in-flow turbulence. Collectively, there is a continuum of frequencies stretching from
pressure pulsations at infrasonic frequencies 0.5 Hz (cycles per second) up through the normal hearing range of
1000 to 2000 Hz that are generated by each turbine. The sound immissions from each wind turbine also
interact with nearby turbines to produce a constantly changing and distracting medley of fluctuating sound-
called amplitude modulation. Depending on the frequency amplitude modulation of IWTs, ILFN is both heard
and perceived and easily evokes mental and physical stress. Unlike “less complex” daily noises, IWT noise does
not become “accepted” by our perception processes and then unconsciously ignored. The subtle but constant
changes make it difficult to impossible to ignore. Further, residential construction of residential homes for
sound insulation does not effectively block the lower frequency noises. Further, people have a right to sleep
with open windows which effectively eliminate any protection offered by walls and roofs. Trying to mask IWT
noise by producing bland artificial “background” noise inside a home can only mitigate some portions - but not
all of “stress-creating” wind turbine noise. As coping residents engage in their daily tasks, while the turbines
operate above, only a momentary lapse of that focus will remind them of the enveloping dome that separates
them from the peaceful world they once enjoyed.

Included Important Historical Insights into Wind Energy Claims
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| have included in Part #9 a number of related events, letters and a copy of a speech that unveil what Wind
Energy (Vestas — largest worldwide producer of IWTs) has done to advance their “narrative” centered around
the promotion of IWTs.

When the state of New South Wales (NSW) in southeastern Australia approached Vestas about implementing
IWT power, the state government presented to Vestas an initial draft of guidelines that contained low
frequency noise regulation that outlined that state’s proposed future “recognition, acceptance and treatment”
of ILFN. In the beginning of that March, 2012 letter, Vestas in their “Executive Summary” response letter,
immediately made clear their opinions about careful, science-based, health-protective regulations that would
govern implementation of a new energy technology in NSW. They bluntly summarized: “Vestas opposes the
Draft Guidelines, primarily because of the sheer number of additional requirements and barriers that would be
placed in front of the wind energy industry without any clear evidence, justification or demonstrated need for
this additional regulation”. By that time (2012), there had been several years of rigorous publications by
scientific investigators and acousticians as well as likely thousands of reports of adverse effects including forced
home evacuations. In general, NSW concerns were raised that mostly involved human health —in all forms.
These included setbacks (proposed at 2 km), visual amenity, noise, health, decommissioning, auditing and
compliance, environmental impact statements, property values, blade throw, conditions of consent and
compliance as well as others. Vestas’ extraordinarily self-serving retorts to each of these concerns were
“abrupt and terse” (and without basis) — other than they are viewed as too restrictive to advance IWT
introduction — which they admit was the primary issue. Comments about noise from NSW in the draft were
recommended to “be deleted in their entirety” so as “not to give the impression that the NSW Government
places any credibility in the false claims of the anti-wind activist groups on the topic of health impacts”.
Decommissioning concerns were raised by NSW. Vestas did support a decommissioning and rehabilitation plan
in the environmental assessment report, however, did not support the requirement to provide a
decommissioning bond, nor have periodic updates in anticipated costs and implied that wind farm operators
would maintain their assets for as long as possible since wind is “free.” Vestas did not support the adoption of
the noise guidelines as they claimed they were: unnecessary, discriminatory, and unclear. Again, the word
“obfuscation” comes to mind. It should remain absolutely clear to any entity regulating IWTs into their
jurisdiction that all these topics (and more) raised here ARE relevant and need to be addressed in writing in any
Wind Ordinance; if it is not clarified, then compliance cannot be enforced.

ILFN: Convenient Flip-Flopping by Wind Energy for their Agendas

Further, to have health protective IWT noise regulation, as noted many times, recognition and regulation of
ILFN is “critical”. Itis also my opinion when reviewing several “lines of historical action and commentary by
Wind Energy” that Wind Energy recognized (certainly no later than the mid-1990s) the “threat” of ILFN to their
business. As mentioned earlier, N.D. Kelley clearly identified the existence and the health threat from ILFN in
the mid-1980s. In the same letter (above) and then in another one just a year before, Vestas reveals that they
knew “true implications of ILFN and its health concerns”. Inthe response to NSW suggested guidelines, Vestas
denied that ILFN was a cause of AHEs and proclaimed: 1) it is therefore unnecessary to require the prediction
and monitoring of low frequency noise emission from wind turbines, 2) the existing and well- validated industry
standard models for acoustic propagation are not designed to deal with frequencies at the low end of the
audible spectrum, specifically because noise emissions in this band are not considered to pose issues likely to
affect the surrounding environment, 3) “accordingly” Vestas suggests the removal of the requirements to
measure low frequency noise from the Draft Guidelines. Yet, less than a year earlier, Vestas AU had written a
letter to the Danish EPA claiming that a new low frequency noise limit for wind turbines could not be met
because there were no design changes to modern utility scale wind turbines that could further reduce wind
turbine noise to meet the new low frequency limits. On the one hand they claim there is no problem, and on
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the other hand they claim that there is no solution to a problem that they admit is a characteristic of wind
turbines. (My comment: There is something rotten in Denmark). It is clear to me that Vestas recognized that
ILFN would be a defining concern for IWTs — particularly as power generating capacity increased (which Vestas
was rapidly designing and implementing for future designs). The newer larger MW models use longer the
blades and slower hub rpm. This results in more ILFN than for earlier lower MW models with shorter blades
and faster rotation speeds. The Wind Industry has adopted Vestas’ stance about ILFN importance. We, as the
potential residents to be affected and possibly suffer harm, need to clarify for ourselves the true existence of
and potential harm from ILFN and react responsibly by regulating these harmful emissions generated by IWTs —
especially with increasingly larger models that are more often being “clumped” together.

The Need for Informed Consent when KNOWN Unknown-Risks Exist.

The proposed affected residents, by a super-majority, opposes the plan (for Arbor Hills Wind Facility, Madison
County) based on concerns of adverse health risks. At the same time, only a small-minority of easement owners
(22%) actually live on the property and would have to endure the same health consequences. Reportedly they
are not allowed, by contract, to raise health-related concerns that might arise while residing at the property.
How this affects people living on that property to farm the land is not known. Having spoken to residents about
their “signing experience” with a wind industry, they didn’t recall that the representative declared the turbines
“safe”. They did, however, clearly remember that there was no listing or mentioning of possible adverse events,
reports of serious or mild annoyance nor potential longer-term cardiovascular consequences. This failure to
disclose potential risks to the participating landowner OR the non-participating (but still noise-affected
neighboring resident) is bothersome and reflects a lack of due-diligence, oversight, and protective
jurisprudence. With decades of ongoing concern and innumerable science-supported reports of occurring
harm and well-researched plausible serious adverse health effects being published, one could reasonably
describe the omission of informed consent as a failure of duty of the party seeking the easement to properly
notify the lease of known risks. (Writer comment: While | not an attorney, very similar scenarios occur in
human research where volunteers are asked to participate in a “condition” where there are unknown (or let
alone known) potential health risks in return for financial compensation. To a reasonable person, such
easement contracts demand greater transparency and much higher levels of subject protection. While it is true
that Wind Industry contractors are not involved in a “medical study” per se, they are entering into a contract
with potential known and unknown health consequences for which a consideration of payment is given in
exchange for accepting the potential harmful consequences of exposure to that added risk, (IWT noise
emissions).

This “Manual” is to Promote a Clearer and Accurate Description of Industrial Wind Turbines

| have written this personal statement for myself to collect, consider and organize the mass of information and
misinformation present on IWTS. | personally have known the feelings of surprise, bewilderment, confusion,
and hopeless frustration upon learning that a large industrial complex could be permitted into quiet rural
residential locales that is zoned for agriculture. At county meetings where citizens voiced their concerns “on
both sides” of the argument, there were some that mentioned it was their “right” to be able to earn income
from the leasing of their property. Of those relatively few, there was no one that | can recall that said that it
was acceptable that wind turbines could then produce noise that would actually harm their neighbors. None
mentioned that their neighbors also have a “right” to enjoy the peaceful use of their properties. The authors of
a comprehensive textbook “Wind Farm Noise” distilled all the conflicting pro- or anti-wind rhetoric in a simple
declaration: “it is time to stop debating whether or not a problem exists. It is well known that wind farm
noise does result in sleep disturbance and health effects for some people and the time has come to decide
what to do about it. The fact remains that some people are so affected by wind farm noise that their health
suffers and some are forced to leave their home in order to achieve an acceptable quality of life.” We need to
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respect each other and look for energy solutions that make sense and most residents agree about. | have
desperately sought for the truth as minimal information or, (upon fact-checking), frequently incorrect
information was given by a power company who planned to produce a “secure profit”. | hope this “true”
version of truth is useful to those who need to make important decisions, protect themselves and their
property and assist for clarification of concepts regarding Industrial wind turbine implementation and
regulation. When finally understood in “all in its convoluted and conflicting enormity”, it will hopefully be clear
where the real questions remain.

Points to Remember: Returning to my initial assumptions upon hearing that IWTs might be placed closely to
my property, | mentioned that “I thought they were quiet, good for the world and assumed they were safe”.
Exploring much further, | now know that NONE of those are true. IWTs make a lot of distressing noise, when
examined as a “possible solution for climate change” they don’t make sense given cost, limited life,
intermittency, dependence on CO2-producing energy back-up and affordable and adequate battery technology
is possibly “beyond reach” and, they are clearly NOT safe for myriad number of reasons which | tried to
describe in detail. IWTs cause adverse health effects with that definition being consistent with WHO definitions
and currently practiced health care. We are now in an era in science where we know that environmental
factors — particular noise — can and does cause adverse health effects which can include serious cardiovascular
consequences. Advances in understanding the consequences of disturbed sleep raise concern for contributing
to the development of Alzheimer’s disease. Shortened sleep duration has been highly correlated with
cardiovascular disease development and endpoints of hypertension and ischemic heart disease.

We know the brain while “sleeping” can still be “aware” of noise (when it reaches a certain intensity (loudness)
threshold and responds to it through body motility, even full awakening or “regressing” in its process of
reaching various stages where vital restorative recovery of normal brain function occurs. Sleep disruption
occurs with audible and, likely more importantly with IWTs, with lower frequency noise. The WHO has recently
listed wind turbines as a potentially important source of environmental noise. While “high-level correlative
data” does not exist yet, the WHO lists noise thresholds for potential disease development at levels lower than
road traffic. Other analyses using severe annoyance metrics that include ILFN exposure drive the threshold
noise levels much lower yet. Observing current, more inclusive definitions of health, IWTS do produce AHEs as
annoyance (from mild to severe), and have been shown to disrupt normal sleep stage progression.

Utilizing metrics of biologic plausibility, as described by Sir Austin Bradford Hill, if met, can establish a “causal
link” between WTN and AHEs for epidemiological purposes. As examined by Jerry Punch and Rick James in their
2016 comprehensive review (ref. in text), all 9 of The Bradford Hill criteria have been identified in the scientific
literature as pertinent to the relationship between IWT noise and AHEs. Dr. Hill states, “None of my nine
viewpoints can bring indisputable evidence for or against the cause-and-effect hypothesis and none can be
required as a sine qua non. What they can do, with greater or less strength, is to help us to make up our minds
on the fundamental question — is there any other way of explaining the set of facts before us, is there any other
answer equally, or more likely than cause and effect?” In his final address observation, he asserts: “All scientific
work is incomplete — whether it be observational or experimental. All scientific work is liable to be upset or
modified by advancing knowledge. That does not confer upon us a freedom to ignore the knowledge we already
have, or to postpone the action that it appears to demand at a given time.”

Finally, included at the end of part #15, Mathias Basner, MD, PhD — who is considered a world leader on health
effects from environmental noise, produced an editorial (2019) where he reviewed the potential impacts of
noise on our health. He acknowledged the problem of smaller populations in currently available studies which
make statistical powering of conclusion difficult. He has stressed that NONE of the wind noise guidelines data
from the 2018 WHO report found an “absence of risk”. He finished his comments with “the fact that more
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studies are needed should not lead us to postpone the urgently needed protection of the population from
noise.” The knowledge we have acquired so far IS SUFFICIENT to take preventive actions and substantiate them
with respective legal noise regulation.

We have all learned that all people suffer to some extent— it is part of being human. But to intentionally force
suffering upon affected citizens for the financial benefit of others is immoral. To “mentally take refuge away
from guilt” by assuming huge “pinwheels spinning in a neighbor’s field are silent” and believing Wind Energy’s
mantra of ‘no credible evidence’ that IWTs cause human harm is patently disrespectful, unprofessional,
immoral, and grossly irresponsible. We can and must do better.

Needed Declarations:

1) I am a Cardiologist who specializes in heart arrhythmias (Electrophysiologist) who focuses on abnormal fast
and slow heart rates/patterns, implantable device (pacemakers, defibrillators) therapy, and have participated
(investigated, published and presented) clinical research for decades. | also have been privileged to be involved
with human research and served as the Chairman of the City-Wide Investigative Review Board overseeing the
ethical conduct of ongoing local clinical trials. In those patient trials, high standards of participant protection
and adverse event evaluation was paramount. | am drawn to understand the societal (local and international)
impacts of IWTs — particularly health. | also felt compelled, through my years of human research experience, to
protect the health, safety and welfare of myself and my fellow citizens.

2) I am not an Acoustician. An Acoustician is defined as an expert in the branch of physics concerned with the
properties of sound. | have, however, corresponded at length with several Acousticians who have “specialized”
their acoustical practice into the understanding, measurement and regulation of industrial wind turbine noise.
They have shared with me their acquired in-depth understanding of IWT noise and its impact on people — from
the details of measuring and interpreting noise to the impacts of that noise on people’s lives. They have directly
talked and worked with the victims of IWT noise exposure. They have been invited into these unfortunate
people’s homes and first-hand have measured, experienced and, on several occasions, have themselves
suffered serious adverse health events from those noise exposures. They, through their professional lives, have
seen the unfolding of IWT introduction around the world, interacted with key both pro- and anti-wind experts,
and from their unique vantage point, provided a clearer understanding of the “real issues” and the history
behind those issues. They have presented at national societal meetings, offered insightful theories and
clarifications to their worldwide colleagues, published peer reviewed papers, testified in court trials, and at the
request of governments. They are members of the Institute of Noise Control Engineering (INCE) and/or the
Acoustical Society of America (ASA). The INCE/ASA Member has experience in noise impact assessment, the
effects of noise on people, and control (complaints, annoyance, noise specifications) and is committed to their
Canon of Ethics for unbiased professional services whose first mission is to protect the public’s health and
welfare. They are motivated to move forward into the “headwinds of greed and misinformation” because as
professional experts,

“they care about people”.

3) The origins of the information | have presented and summarized, | believe to be reliable, verifiable and
accurate. |, in no way, have manufactured history, slandered nor created (recently popularized) “alternative
facts”. | have expressed personal opinions based on collected information that | believe to be factual. My
“physician opinions” come from four decades of interviewing, examining patients and applying basic human
physiology and medical science in the effort to protect and improve their lives. | have read and re-read reviews
and individual papers from both sides of the argument. In the enormous “confusion” of pro- and anti- Wind
information, | have tried to focus on the quality of data being mindful of bias and full disclosure of and
composition of reported “peer review” entities. | have looked specifically for the origins of noise regulation and
the process by which current IWT siting practices became established.
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July 1, 2020

Board of Zoning

Madison County, lowa

Re: Wind Turbine Ordinance for Madison County, lowa

Dear Madison County Board of Zoning Members,

| have submitted his letter to support the process of obtaining a Wind Ordinance that best reflects the
health, welfare and safety of our county. |am a board-certified Adult Cardiologist and Cardiac
Electrophysiologist who lives in Madison County. As you very well know, the choice of having
industrial wind turbines (IWTs) placed in our county is extraordinarily contentious. They are advertised
as "green, less expensive and sustainable". The last several decades have seen a worldwide surge in
the placement of these industrial-dimensioned turbines - beginning mostly in Europe and eventually
coming to the U.S. where onshore implementation has been pursued aggressively. Studied very
extensively in the mid-1980s, IWTs were rejected (seemingly) by the federal government, due to
concerns of potential serious health hazards. The merits of those intensive studies finding harmful
noise production by large-scale industrial wind turbines remain to this day and have never been
discredited by Wind Energy. Industrial Wind Turbine approval and regulation have now been passed to
states, and in some cases (as in lowa), local municipalities and counties. Understanding all the complex
issues of health concerns related to IWTs has taken, to date, nearly 2 years of my focused inquiry. New
health concerns are raised continuously as independent research around the world continues. The
Macksburg wind farm was placed several years ago. Currently, the Arbor Hills wind farm extension
from Adair into Madison County is on hold pending the lowa Supreme Court review of the procedural
compliance by Madison county's Board of Adjustment in July, 2018 in a 3:2 vote to proceed with IWT
placement.

As you know, the Madison County Board of Health (BOH) solicited and obtained information from local
citizens, health professionals as well as Mid-American Energy. They were given enormous amounts of
information to review and carefully consider in their consideration of the health impact that IWTs would
have on the health of the county. They considered scientific information that was current at the time
of their public hearings with a considerable amount of new information becoming available since the
time of the initial Mid-American Energy proposal presentation. Concern revolved not only around
"annoyance" which has been deemed a health risk by the World Health Organization but also included
more important concerns of sleep disturbance and chronic autonomic nervous system "hyper"-
activation that, over significant time, may pose a risk to chronic cardiovascular disease and other
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adverse health events. The BOH voted 2:1 declaring a potential adverse health risk exists with
exposure to industrial wind turbines. They recommended, based on extensive data and peer-reviewed
summaries (mostly the Punch/James article) that IWT setback should be 1.5 miles from property lines.

Of note, Madison County is NOT alone in their country governance process that includes a required
opinion from the County of Health. In Chautaqua County, New York, the Board of Health Meeting on
November 21, 2019 that called for a 1.5- mile setback and 35 dB(A). They requested that other
municipalities in New York state to do the same. They are supported not just by their BOH but also the
Western New York Health Alliance and the New York State Association of County Health Officials.

The 2016 review by Jerry L. Punch and Richard R. James "Wind turbine Noise and Human Health: A
Four Decade History of Evidence that Wind Turbines Pose Risks" is, in my estimation, the most complete
and fair review of this highly contentious topic.

You may find this Link extremely informing:

https://hearinghealthmatters.org/journalresearchposters/files/2016/09/16-10-21-Wind-
Turbine-Noise-Post-Publication-Manuscript-HHTM-Punch-James.pdf

Their science-based review is organized by summarizing the past and present literature that addresses
each of 12 selected statements that encapsulate specific claims or positions commonly taken by
advocates for the Wind Industry. On page 5, Table 2 on page 28 in this publication are listed
recommended minimum siting distances and maximum noise levels of industrial wind turbines based on
the protection of human health. Seven referenced setback distances were listed with four
recommending 1.25 miles or 2 km setbacks. The greatest distance listed was 4 km to protect against
enhance amplitude modulated turbine noise which originates from the ILFN (infrasound, low-frequency
noise) spectrum which Wind Energy denies poses any risk to humans. The shortest distance was 0.5
miles but with concomitant sound level requirements which would be impossible to achieve with the
very large MAE proposed 2 MW IWT for Madison County.

Those concerns were felt to be reasonable and probable given the October, 2018 World Health
Organization position document on Environmental Noise and Health as it concerned exposure to other
(analogous) forms of noise from traffic, railway and aircraft noise. The key contentious point was that
data was currently not "robust" enough nor "specific to" IWT noise to prove that IWT exposure caused
sleep disturbance disabilities and, long-term, directly caused cardiovascular disease such as
hypertension and facilitated atherosclerotic disease manifested as fatal and non-fatal myocardial
infarctions. There was no disputing data but the quality of the data was deemed "conditional" by the
WHO. Yet, importantly, the WHO for the first time, issued average exposure noise levels for IWT
emitted noise (unwanted sound) as it did for the other 3 prior-tracked environmental noise sources.
Concerns were raised about IWT noise in previous 1999, 2009 as well as the 2018 statements. All
statements primarily revolved around the adverse health consequence of sleep disturbance.

It is important to recognize that MAE representatives during the public hearing in our courthouse and
qguoted by Wind Energy over the last 35 years used the phrase: "if you can't hear it, it won't hurt you"
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when referring to potential adverse health effects arising from IWT production of "infrasound” noise. |
very strongly disagree with MidAmerican Energy's glib statement having dealt with health consequences
of "provoked" autonomic nervous systems in over 35 years of practice of subspecialty cardiovascular
care. Like carbon monoxide, methane, radon gas from basements, radioactive fallout, inhaled
asbestos - among many examples - what you can't hear (and in those cases, also can't see) can hurt and
even kill you. Although long suspected that chronic noise exposure - including infrasound - was harmful,
the objective nature of those risks is now being quantified.

| would agree that connecting minimal, let alone loud levels noise to hard endpoints of disability and
even death is not intuitive. The vast majority of people think that IWTs are "silent" as their blades
turn. That is what the general, unexposed public have come to imagine as they pass them on the
interstate at 70 miles an hour with their windows closed or even open given all they could hear would
be "background noise" of the turbulent air flowing through the window opening. One must drive to
operating IWT sites in the country, park in the "midst" of the operating turbine forest, get out of the car
and simply listen, and focus and think about what that complex "clawing/scraping" noise that you can
hear and infrasound that you can't "hear" but could "perceive" during sleep - especially if you become
unlucky enough to become sensitized (hyperaware) to those sound emissions. Even more
informational to understanding the true impact of IWT noise is listening to the turbines operating in the
late evening at a time someone would be trying to fall asleep.

Fortunately, as you live your life - in your home or at school or work - if you live far enough away from
that noise source, the immediate consequences of annoyance and the much later potentially serious
health consequence of audible, infrasound and low-frequency noise can be largely avoided. | wish the
citizens of Madison County to have both the rights to rent their land to Mid-American energy for
electricity production AND to enjoy the right to live in a truly healthy environment where they safely
raise their children and grow old and enjoy their chosen rural lifestyle and where Nature is not
threatened by oscillating blades. The only problem is that MAE has offered some of our citizens the
chance to lease land for monetary gain but with turbines so big and powerful and of such a design that
they pose serious health risks to others if placed too close to their neighbor's property line which is
almost always within the range of harmful IWT noise travel. Indeed only 22% of landowners having
easements in The Madison County portion of the Arbor Hills proposal would be exposed to the noise
exposure they accepted in return for money while nearly 75% of actively polled nearby resident do not
want them principally because of what they have learned about the health risks.

I launched into this in-depth learning experience because | care about how these will affect our
countryside - health, wildlife, property values, view scape among many other reasons. | immediately
suspected motives and perceived lies and later learned of "captured" behavior and "conflicted" elected
officials who have been given the privilege and responsibility of voting for us and our health and quality
of life. The mere elimination of an easement contract to allow a supervisor to very actively promote
the preferred language of Wind Energy's requested ordinance does not eliminate their current conflict
or future conflict. My motive of speaking up is for transparency and accuracy of data in areas with which
I am familiar.
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| would ask that you read what you can in the time that you have.

Suggestions for Manual Use:

This information has been structured to allow focus on different aspects of IWT consideration.
Part 1is the introduction.

Parts 2 through 13 cover basics of sleep, wind basics and types of IWT emissions. The history of our
understanding of IWT noise emissions and the extremely important "evolution" of the current sound
level limits as proposed by the World Health Organization (WHO) that are completely ignored by MAE.
| spent a lot of time describing adverse health effects (AHEs) with particularly concern about Wind
Energy's denial of infrasound contributions to adverse health effects - modern, science-supported data
is provided in stark contrast to their "non-response"”. | also included a variety of other topics - ALL of
which are relevant in considering IWT intrusion into our county. | reviewed peer review and included
critiques of Wind Energy's favorite ACWEA report.  Although | will be the first to say that | don't
actively "dig up dirt", becoming familiar with an organization's agenda is important and some
extraordinary past actions by Vestas are included for your review and thoughtful integration into the
manner of their proposals and starkly limited amount of information that their product is safe for our
fellow citizen. Again, these are my opinions. | discuss my views on carbon management and what
lowa should be focusing on.  Critical points about noise regulation is covered in part 11 with important
concepts of ordinance examples and regulation then finally recommendations are given. | would very
strongly request your consideration of requesting more accountability and oversight for MAE or other
Wind Industry firms. Remember, they don't live here, we do.

Part 14 is the Summary which is much shorter than the accumulation of information in parts 2-13 and
would serve as the quickest way to begin to be conversational about this complicated topic.

Part 15 is my Conclusion which focuses on adverse health effects. There | provide statements from the
best sources | can find with their opinions and suggestions. We all agree.

| have included various graphs and statements provided in the various "parts". Please review them. |
would very strongly ask you read a speech given to Vestas in Denmark by a Danish national health care
spokesperson, Dr. Johansson. In three page he exposes what we now are witnessing in lowa.

We need to see this Wind Ordinance crafting as an opportunity and a need to protect ourselves. It
should not promote reckless development with short-sighted gains - with most of those gains not going
to this county. One should fairly request provisions that ensure compliance and safety. If Supervisors
say that "if you make it too complicated and restrictive, they won't come". That is industry's problem.
We only are asking for respect and concern for our health and way of life. Our Wind Ordinance should
reflect our stated responsibility to protect the Health, Safety and Welfare of Madison County, lowa.

Thank you for your Commitment to our County's future.

W. Ben Johnson, M.D.
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Part 2 Sleep:
Importance:

The majority of the industrialized world struggles to obtain adequate and restorative sleep. We
constantly weigh exhaustion with the need to accomplish more. Work schedules vary and are
consuming and pressurized. We balance our needs with the needs of our families finding little time for
ourselves. Inadequate sleep begets mental and physical stress which begets chronic mental and
physical disease.

Disturbed sleep is the most concerning adverse health effect from industrial wind turbines. It is the
key to a cascade of adverse physiologic consequences that may, in the extreme, be associated with a
host of potentially serious cardiovascular outcomes. While it is clear that such a relationship exists
from exposure to automobile and train and aircraft noises, the data is not robust enough to confirm the
same concerns with industrial wind turbines although there is rapidly accumulating data to support that
association.

It has, however, reached scientific support to invoke a "Precautionary Principle" as adverse health
consequences may be serious consequences and proposed wind farm development is extraordinarily
expensive, multiple decades long in proposal and is highly unlikely to achieve the goal of being clean or
renewable. The "precautionary"” principle has been defined as a broad, epistemological, philosophical
and legal approach to innovations with the potential for causing harm when extensive scientific
knowledge on the matter is lacking. Epistemological relates to the theory of knowledge, especially
with regard to its methods, validity and scope and the distinction between justified belief and opinion. |
believe that current science does provide a "justified belief" and NOT mere opinion even in the matter
of IWT noise and triggering cardiovascular disease. This principle emphasizes caution, pausing and
review before leaping into new innovations that may prove disastrous.

It is worthwhile reviewing the process and importance of sleep thus recognizing the profound
implications of appropriate siting of turbines to lessen the consequences of sleep disruption in their
homes. Increasing "setback" distance from residence to IWT is the ONLY way to lessen wind turbine
adverse health impacts.

Non-REM sleep typically occupies 75-80% of total sleep each night. This period provides time for
essential brain function recovery - tissue growth and repair, energy is stored and hormones that are
essential for growth and development are released. REM sleep typically occupies 20-25% of total sleep
each night. This phase is when dreaming occurs, is essential for processing and consolidating
emotions, stress and memories. It is reportedly vital for learning and stimulating the brain regions
used in learning and new skill development.

Non-REM sleep transitions through 3 successively "deeper" sleep levels during the night with
increasingly longer, deeper REM periods occurring toward morning. If the REM or non-REM cycles are
interrupted multiple times through the night (either as brief, non-conscious arousals or as periods -
however brief - of awakening) then we may fail to reach the "deeper" periods of sleep where these
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"recharging events" can occur. Consequences of interrupted, non-restorative sleep include feeling
drowsy, irritable or depressed. Task efficiency decreases particularly with learning, remembering or
making decisions. One can crave more unhealthy foods, which could cause weight gain. It has been
described that quality sleep is as essential to survival "as food and water". As stated by the National
Institutes of Health, "Sleep affects almost every type of tissue and system in the body - from the brain,
heart and lungs to metabolism, immune function, mood and disease resistance. Research shows that a
chronic lack of sleep, or getting poor quality sleep increases the risk of disorders including high blood
pressure, cardiovascular disease, diabetes, depression and obesity".

The importance of reaching the "deeper" phases of sleep were highlighted with 10/31/2019 article
published in the journal "Science" studying humans in deeper, non-REM sleep (confirmed with brain
wave (EEG) recordings) while undergoing MRI imaging that measured the blood oxygen levels in the
brain and how much cerebrospinal fluid (brain "crankcase oil") was flowing in and out over the surface
of the brain. They discovered that in this portion of non-REM sleep, neurons start to synchronize
(turning off and on at the same time). During the momentary periods when cells were "off", they
didn't require as much oxygen, so less blood (flow amount determined by vessel reactivity to need)
would flow into the brain that effectively created a larger residual space within the skull surrounding the
brain. At that time, cerebrospinal fluid would then “rush in”, filling in the space left behind from the
decreased blood volume in the vessels thus facilitating "waves" of cerebrospinal fluid to circulate around
the brain effectively removing metabolic by-products that accumulated during the prior day.

Your need for sleep and your sleep patterns change as you age, but this varies significantly. Babies
initially sleep as much as 16 to 18 hours per day which may boost growth and development (especially
of the brain).  School age children and teens need about 9.5 hours of sleep per night. Generally,
adults need between at least 6-7 hours.  After age 60, nighttime sleep tends to be shorted, lighter and
interrupted by multiple awakenings. Elderly people are also more likely to take medications that
interfere with sleep. For these reasons, our younger and older county residents are considered more
vulnerable in their age-related obstacles to achieve restorative sleep. In general, people are getting
less sleep than they need due to longer work hours and the availability of round-the-clock
entertainment and other activities. The idea of "catching up" on weekends actually never can be fully
achieved.... although one may try...."sleeping-in on weekends" has been recently associated with
heightened degrees of insulin resistances measures than simply returning to a normal sleep pattern.

| Have Seen the "Face" of IWT Harm

Three years ago, while inquiring about used farm machinery, | sought out a farmer who lived nearby in
Guthrie county. Arriving at his farm perched along the "Mo-Miss Divide", | was fascinated at the
distracting "surging" of spinning IWTs "for miles". Greeted by the farmer, | asked him about how "he
and the turbines" got along. He noted that " a lot of people had moved away, and over half of those
who agreed with their easement signing now regret having done so." Looking into his face, | could see
the likely signature of chronic sleep deprivation (a distinctive appearance that | can easily recognize in
those sent to me for atrial fibrillation consultations who have concomitant obstructive sleep apnea).

His speech was a bit halting and searching.... | asked how his sleep was and whether he thought the
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turbines had created a problem sleeping. Looking inward, he paused, then scanned the ongoing
turbine "wind chopping" and looked down then back up at me. "I don't think so... maybe you get used to
it. Avyearago, | built a new bedroom addition to my house putting in the best materials | could find
with 2x6 construction, thicker insulation and heavier sheathing. It made it better....... (he paused) ...but
on those windy nights | can still hear and feel that pounding...."l sensed an exhausted man who had
resigned himself to "deal with it". He was imprisoned on his own farm with his entire livelihood
around him.

Disturbed Sleep - A Worsening Modern Health Epidemic

We are a society plagued by increasing obesity (now about 40% of Americans are considered as obese
with 7.7% being severely obese). The American Heart Association has now included obesity and severe
obesity in children as cardiovascular risk factors. With the recent redefinition of hypertension going
from 140/90 to 130/80, now >46% of American are considered hypertensive. The incidence of type Il
diabetes (the type related to "high" insulin levels due to acquired resistance of insulin action at the
cellular level) continues to increase in incidence. Somewhere in this "modern health epidemic" is the
problem of sleep quality and quantity. The 2019 annual statistical update from the American Heart
Association included a new section on sleep and cardiovascular health cited data from the Centers for
disease Control and Prevention that only 65% of Americans have a healthy sleep duration (at least 7
hours).

Recent Absolutely "Key" Large Scale Studies Linking Inadequate Sleep to Cardiovascular Events

Recent recognition that restorative sleep - quantified as total duration of sleep that is "effective" - if
less than 6 hours per night has been associated with objective "end-points" of disease progression.

Dr. Dominguez noted a "graded response" evident in the PESA (Progression of Early Subclinical
Atherosclerosis) trial.  This large trial (3974 middle-aged Madrid bank employees free of known clinical
cardiovascular disease or history of stroke), wore a waist band activity monitor (actigraphy) for a week
to record sleep quantity and quality. Movement during attempted sleep reflects often unconscious
"brain awakening" that if brief (<15 seconds), may not remembered as having occurred. They also
underwent 3-D vascular ultrasound and measurements of coronary artery calcium (via CAT scanning).
The actigraphy confirmed common under-reporting of sleep duration (patients reported 10.7% had < 6
hours via questionnaire vs 27.1% via actigraphy. Multivariate analysis was performed adjusting for
smoking, hypertension, physical activity, depression, OSA, daily calories, alcohol intake and other
confounding variables. The investigators noted that subjects who slept < 6 hours/night had a 27%
greater volume of non-coronary plague than those who slept 7-8 hours. They also had a 21% more
vascular territories (seen on CAT Scans identified with dense calcium imaging integrated in arterial
cholesterol plaque formation) laden with subclinical atherosclerosis - women>men in measured effect.
The presenter also stated that the more times an individual typically awoke per night, the greater the
number of atherosclerotic carotid or femoral artery territories were documented on 3D vascular
ultrasound. The statistical power of this study was extremely high (extraordinarily unlikely by chance
to be incorrect).
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In another study, cardiovascular investigator Fountas (in Athens) reviewed 11 prospective studies
correlating daily sleep duration (self-reported) and cardiovascular morbidity and mortality. Collectively
1,000,541 patients (assembled from many similar, but smaller studies where available data could be
combined for better statistical power for subsequent larger population analysis - termed "meta-
analysis") without baseline clinical CV disease were followed an average of 9.3 years. Data were
adjusted for confounding features. He found that if average sleep was < 6 hours, they had a
statistically significant and clinically meaningful 11% increase in the risk of a diagnosis of fatal or non-
fatal cardiovascular disease as compared with those sleeping 6-8 hrs. Moreover, those sleeping > 8
hours had a 32 % increase in those endpoints compared to 6-8 hours. (Longer sleep duration possibly
related to morning exhaustion prompting additional sleep hours to "catch-up").

Both investigators highlighted the pathophysiologic changes related to sleep deprivation that likely
increased the pathophysiology of the risk - sympathetic activation, increased inflammation and
disrupted glucose metabolism. Again, inadequate or disrupted sleep was very highly statistically
correlated to greater cardiovascular disease and their clinical events.

A YouTube Documentary worth seeing

https://urldefense.com/v3/ https://www.youtube.com/watch?v=vRpsO9gAX A&t=1708s ;!!CqLit
yr3mSQ!ReCVeyUsTjv4BMmYx88rScisOuiYIMMwbnL4GAtN8Zj 1kLP8YXO-Z8zJaMCjvirGRYS

The documentary reviews that absolute disconnect of "city-folk" with the realities of IWTs. A
community assaulted with IWTs is interviewed... revealing the exhaustion in their lives and chronic
nonspecific illnesses - nausea, headaches, etc. and importantly, a lot of dog/pet as well as livestock
deaths. Particularly ocular problems were noted with blindness. One of the men interviewed had
a lot of eye blinking and trouble focusing - all reflective of eye fatigue not uncommonly experienced
by residents. | raise the concern of resonance vibration of fluid filled ocular structures near 5 Hz
(infrasound) that could create the symptoms. Although a potentially serious problem, but because
IWTs have never been evaluated for safety, it was never (with no current plans to) formally evaluated.
The finding of the "enlarged organs" found with necropsied pets has also been seen and commented
upon by other physicians - again, we allow these processes to continue unevaluated.... apparently
unconcerned about finding out the truth.

Disrupted Sleep Due to IWT Noise Emissions

Inadequate or disrupted sleep is the most common complaint from residents living near IWTs. It is
extremely important to realize that not only does excessive audible noise cause, but with amplitude
modulation from the ILFN noise spectrum occurring up to 3-4 km from a household, sleep disturbance
can continue even with “reasonable distance, e.g. one-half mile” separation to avoid (usual) higher
frequency audible noise. Sleep is "disrupted" through both unconscious arousals and with frank
awakenings - both disrupting the healthy progressions through both non-REM and REM sleep periods.

At the 1500-foot setback proposed by Mr. Clifton (Madison County Supervisor), average sound levels
(expressed as Leq) will be 45 dBA as measured outside the house as predicted by computer modeling.
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45 dBA Leq means that there may be recorded peak/nadir or high/low values as another 6-11 dBA
above/or below the 45 dBA Leq average. Albeit much less frequent that the average value, audible
sound levels of 56 dbA are possible.  Testimony under oath by Wind Energy representatives have
confirmed these possible noise ranges that are expected from IWT sources. It also means to achieve
bedroom levels of 30 dBA your windows will need to be closed tightly with all exterior audible sound not
exceeding 45 dBA. Opening the bedroom window even a little (cracked 6 inches) for cooling or fresh
air circulation will marked increase noise entry into the bedroom - enough to necessitate IWT separation
another approximately 2000 feet farther to achieve the same interior audible levels as when the
windows were closed.

ILFN poses an even greater threat to sleep disruption. ILFN generally attenuates at half the rate as
does audible sound. This means that (roughly) to achieve the same reduction in noise levels for
audible sound, you have to go twice as far to achieve the same noise level with infrasound. Infrasound
travels to some extent by resonating in the ground that can then easily resonate a house foundation and
structures within the house - being insignificantly lessened by wall/roof insulation. ILFN "sound travel"
is frequently described as "amplifying" in the house. Low-frequency noise is audible being 40-60 dBs in
the 20-200 Hz range. This would be hard to ignore without sound protection equipment (ear plugs).
The sounds in that frequency range are heard/perceived by people in their beds at night when the
house is otherwise quiet as "vibrations", rumble and roar. While not particularly "loud", they are
perceived because there are no other noises in the community to provide masking of these low
frequencies.

The details of sleep are important; the implications of chronic sleep disturbance are profound. Most
adults know very little about the what happens during sleep. Sleep Medicine is one of the most recent
additions to an ever-increasing range of medical specialties. It should NOT be viewed as esoteric and
beyond understanding...in fact, some of the most recent science is available at newsstands, on-line and
delivered to your home. In arecent “double issue” of TIME magazine (August 17/24%", 2020), the
editors dedicated 14 pages of the issue to the topic “How to sleep better — the changing science,
business and culture of a good night’s rest”. One subsection was entitled “What exactly is your brain
doing while you sleep?” and was highlighted with the words: “New Research on its physiology shows
why we need to take slumber seriously”.

In the third paragraph they write, “In the past five years, brain researchers have begun to expose a
hidden world of chemical reactions, fluid flowing into and out of the brain, and the busy work of
neurons that reveal the sleeping brain is as industrious as the waking one. Without good-quality sleep,
those critical activities don’t take place, and as a consequence, we don’t just feel tired and cranky, but
the processes that lead to certain disease may even get seeded. One of the reasons we sleep, it now
seems, might be to keep a range of illnesses — including cognitive disease like Alzheimer’s and other
dementias — at bay”. They then described the association of “build-up” brain amyloid and another
protein call “tau” associated with patients suffering from Alzheimer’s disease. In mice, they confirmed
those protein levels “dropped dramatically — especially during the deeper stages of non-REM sleep”. In
mice chronically deprived of non-REM sleep, more amyloid built up in their brains over time than in mice
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who got regular nightly rest.  Similarly, (Holtzman, the researcher) saw similar changes when he
compared amyloid in the spinal fluid of people who were well rested vs. sleep deprived. The article
continues describing even more promising confirmatory data and ongoing longitudinal studies.

In that same TIME “sleep-focus” set of articles, another writer wrote: “There are many scientific reasons
to desire good sleep. Poor sleep quality is associated with a whole host of unhealthy side effects.
Getting bad sleep puts people at a higher risk for diabetes, cardiovascular disease, Alzheimer’s, impaired
memory, problem-solving issues, fatigue, anxiety, mood disturbances and poor performance at work.”
Another comment included “The keys to good sleep, I’'m told, are simple: exercise; eating well; not
drinking too much; a dark, quiet space; creating a wind-down routine; no “screens” two hours before
bed; and a comfortable bed. The greatest enemy of sleep is “stress.” In my opinion, speaking to the
last listed point, the presence of inescapable, non-ignorable large, intermittently rotating massive
structures — creating noise while adversely affecting the environment and property values - creates a
“lingering” stress that is consciously and unconsciously “recognized and felt”. Humans are continually
trying (often unsuccessfully), to “resolve or normalize” such intrusions. That strife resolution is
ongoing and likely contributes to sleep disruption and annoyance suffering.

In another section, comments from Dr. Louis Ptacek, a neurology professor at the UCSF, commented
“human sleep is largely a mystery; getting too little is linked to heightened risk for metabolic disorders,
Type 2 diabetes, psychiatric disorders, autoimmune disease, neurodegeneration and many types of
cancer. ltis probably true that bad sleep leads to increased risks of virtually every disorder”.

I ask, “Why should we not protect ourselves (not only our health but also including our well-being, our
families, our properties) through the active protection of our ability to have quality sleep?”

Appendix:

The following table appeared in the World Health Organization Executive summary in 2009 although it
had also been published in 1999. Current experimental Sleep Research continues to support the listed
sleep disturbance threshold values.
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/ Page 4 of 8
Effect Indicator  Threshold, dB
Change in cardiovascular activity . *
EEG awakening Lt smte 35
Biological - Morility, onset of motility Lincussie 2
effects Changes in duration of various
stages of sleep, in sleep structure
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Waking up in the night and/or too ok
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Self-reported sleep disturbance Lngheoue 2
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Medical  Enyironmental insomnia** Lugicouste 2

conditions

* Although the effect has been shown to occur or a plausible biological pathway could be constructe
indicators or threshold levels could not be determined. iR 4

**Note that “environmental insommia™ is the result of diagnosis by a medical professional whilst
“self-reported sleep disturbance” is essentially the same, but reported in the context of a social survey,
Number of questions and exact wording may differ
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Part—3: Wind Noise “Basics”

Wind Turbine Noise:
Sound Spectrum Defined by Frequency
Audible noise 20-approx 15,000 Hz (adult)
Infrasound 0.1-20 Hz
Low-frequency sound 20 to 160-200 Hz
the term "ILFN" combines infrasound and low-frequency noise together.

Note: That "loudness" (or sound pressure) is measured in decibels (dB) and is quantified on a
logarithmic scale meaning, e.g., that increasing the measured loudness of a sound from 30 dB to 40 dB
(at 1000 Hz) is approximately 2 times louder (not 25%). The relationship of dB change to loudness
varies with frequency where change occurs. (See below)

Sound Measurement and "Filter Effects" — Use with IWTs and What it Does and Doesn't Measure

Standards for describing sound levels or limits are set in decibels. Use of "dB(A)" with A, C, G, L, Z
classification reflects the filter used during measurement. "A" has been used as the standard
descriptor filter around the world but excludes accurate measurements of frequencies below 200 Hz,
including both infrasound (0-20 Hz) and low frequency noise (20-200 Hz). This glaring "under-
measurement" of the true "quantity of infrasound using only "A weighting" to describe the whole noise
spectrum was a product of the ETSU-R-97 wind turbine siting guideline by the BWEA and the British
Department of Trade and Industry. This guideline was developed specifically to circumvent more
science-based UK regulations that were more restrictive to IWT placement. As such, it is important to
recognize that A-weighted loudness measurements will generally only reflect audible noise content
which could also contain potentially harmful inaudible sound content - particularly when used with
IWTs. National "standards" in Australia do not require infrasound (either within or outside homes) to
be predicted in planning submissions nor to be measured in the required compliance testing to the
planning permit noise conditions. Most jurisdictions do not require wind turbine-generated low
frequency noise to be predicted or measured (unlike other sources of industrial noise). In fact, most
noise measuring instruments and microphones are unable to measure accurately in the infrasound
range, especially below 8 Hz., and some standards explicitly specify the use of equipment which cannot
measure infrasound. Having said that, “C-weighting” is available on standard acoustical equipment
and is clinically useful to measure environmental low-frequency noise sound pressure levels.
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The image below shows the differences of Z- (unweighted) vs both A- and C-weighting. C-weighting

will more accurately reflect intensities at various frequencies when applied in the low-frequency noise

spectrum: The horizontal axis shows the log scale of frequencies while the vertical axis is in units of

decibels.

0 o retre—— e

C-Weighting

QO ————

Shadow Flicker

This is the effect of the sun (low on the horizon) shining through the rotating blades of a wind turbine
casting a "recurrent/pulsing" moving shadow; it will be perceived as a "flicker" due to the rotating

blades repeatedly casting the shadow.
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Source of IWT Noise:
Machinery noise in the nacelle (horizontal containment for machinery - behind hub)

Rhythmic/pulsating, trailing-edge noise from the blades ("blade swish") as they slice
through the air at up to 200 mph

Irregular, low frequency noise (LFN) and infrasound from the blades due to in-flow air
turbulence

LFN and infrasound at the blade-tower-passage frequency and its harmonics.
Primer on Sound: What it is, Measurement (Adopted from Waubra foundation):

Operating turbines create electrical energy inside the nacelle through the rotation of a central axle that
is turned by the force of wind pushing on large canted perpendicular blades connected to that axle.
Besides the desired generated electrical power, "waste energy" in the form of airborne pressure waves
(sound) and ground-borne pressure waves (vibration) are released into the environment.

Noise is that part of the sound frequency spectrum which is audible or can be perceived. "Noise" is
defined as unwanted sound.

The strength (sometimes expressed (vaguely similar) as "loudness" in the case of noise) of the sound is
measure in decibels ("dB").

The wavelength of individual sound waves is a measure of the distance between the peaks of pressure
waves. The speed of sound divided by the wavelength gives the frequency of the sound and is
expressed in hertz (Hz)

Where the frequency of the sound waves is below 20 Hz, the distance between the waves becomes
relatively longer, and the general term for this portion of the frequency spectrum is known as
infrasound. Infrasound is only audible (heard) at sound high levels (dB). However, it can be
"perceived" at lower sound levels and be damaging to the human body at levels well below audibility.

Impulsive infrasound from a variety of industrial sources (industrial turbines, HVAC installations) has
long been known to have the potential to be harmful to humans, especially with chronic exposure.

Terrain and weather conditions influence noise. The wind speeds and directions upstream of a turbine
vary due to:

Terrain effects, such as hilliness and ridge lines
Objects on the surface of the terrain, such as buildings and trees

Daytime thermal effects, temperature inversions
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The following contribute to sound levels heard or perceived at residences:
meteorological conditions
wind turbine spacing and associated wake and turbulence effects
vortex effects
wind shear

turbine synchronicity (adjacent IWTs with blades turning with perceived passing of the tower at
the same moment - generally is more intense with IWTs lined up parallel to wind direction

tower height, blade length
turbine power settings

During daytime, as the 3-bladed rotor turns, it encounters air at various speeds and directions which
produces a combination of sound effects, i.e. rhythmic/pulsing blade swish about 3 dBA above the
steady aerodynamic noise and a steady rhythm of low frequency noise and infrasound. During
nighttime, air speeds and directions, not influenced by daytime thermal effects, become more varied,
the atmosphere becomes more stratified and background noise is less, causing the various sound effects
(aerodynamic noise, rhythmic/pulsating noise, rhythmic LFN and infrasound) to be noticeably more
intense than during the daytime. The daytime swish noise often becomes a night-time clapping,
beating or thumping noise. (Wilhem Post (On Wind Turbine Noise and Air Pressure pulses))

The so-called upwind vs downwind design of wind turbines can definitely influence turbine sound
production. "Upwind" (referring to turbine blade positioning into the wind with blade positioning in
front of supporting tower) is almost exclusively used as it produces less turbulence and hence less noise.
This was first described in detail by N.D. Kelley in the late 1980s.

People who are not exposed to the sounds of a wind farm find it very difficult to understand the
problems of people who do live near to wind farms. Some people who live near wind farms are
disturbed by the sounds of the farms, while others are not.  As the sound levels increase, a greater
percentage of exposed people suffer annoyance. In some cases, adverse health effects are reported,
in other cases, such effects do not appear evident. As sound levels increase, the reported incidence of
health effects also increase and become increasingly severe. This lack of similar effects to every
resident reflects individual noise sensitivities and complex effects on the physical health is confusing to
outside observers (at first) but is well known in epidemiological data and normal variations of reactions
at a given stimulus strength in populations.

Amplitude Modulation (Audible Blade Swish)

Although there remain differences in opinions about what causes the amplitude modulation of audible
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wind turbine noise most of the explanations involve air turbulence around the turbine blades. There
are a number of explanations and more than one may apply at any specific wind farm site.  For
example, eddies in the wind, wind shear (different wind speeds at the higher reach of the blades
compared to the lower reach), slightly different wind directions across the plane of the blades and
interaction among turbines, have each been identified as causes of modulating wind turbine noise from
modern upwind turbines.

The importance of the presence of audible amplitude modulation for wind turbines relates to the
subjective annoyance of the audible signal that may warrant an adjustment for that subjective/annoying
characteristic. In the frequency domain the fluctuation for a turbine occurs across the entire
spectrum. At distances removed from the turbine, the high frequency components are reduced and
can alter the audible fluctuations to more of a low frequency noise. At a given site of noise analysis
within a field of emitting IWTs, a summation of noise described as "rumble to roar" is appreciated due to
the collisions of sound waves - both amplifying and cancelling noise levels. These continuous
"modulating noises" can be perceived as extremely annoying.

Variable Noise related to Blade Angle

The blade can be rotated at the point of attachment at the hub thus changing the canted blade angle
with respect to inflow air. The steeper the angle, the more noise. Dr. Van den Berg summarized this
in a table in his 2006 thesis. He described the increase of trailing edge sound level as a function of
angle of attack. The most efficient power production is when the inflow air allows the turbine to reach
full power with a blade angle of 1 degree or less. Thus, in real world operation where conditions are
not so perfect, the sounds can exceed the "rated" sound power level used in a model by 11dBA or more
(with the angle of attack at 9 degrees).

Wind Turbine Noise is "Distinctly Annoying"

Wind turbine noise has been described as having a character that makes it far more annoying and
stressful than other sources of noise at the same A-weighted level, including airport, truck traffic,
railroad or industrial noise. Thorne (acoustician) has pointed out that human perception of noise is
based primarily on sound character rather than sound level, and that wind turbines are unique sound
sources that exhibit special audible and inaudible modulated and tonal characteristics. He states that
sound levels of 32 dBA Leq OUTSIDE a residence and/or above an individual's threshold of hearing inside
the home are markers for serious AHEs, especially among susceptible individuals. Thorne described
IWTs and wind farms as a unique source of sound and noise - like no other noise source. The sounds
are often of low amplitude and shifting in character, making it difficult for people who have never been
exposed to such sounds to understand the problems of those who complain about the sound. IWT
noise is "distinct and annoying enough" to commonly be heard 10 dBA below background noise. Itis
this annoying property unique to IWT noise that likely causes more "stress" which can occur at "lower
sound levels" than other environmental noise sources. This relative "more annoying effect" is
reflected in the average Lden (sound level “average” over day-evening-night) ratings assigned by the
WHO that are lower for IWT than rail or highway noise.
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"Worst-Case Conditions" Sound Propagation Models

It is noted that consultants for wind utility developers often claim that wind turbine sound emissions
inside and adjacent to the project footprint estimated by the sound propagation model's represent
worst-case conditions. Models are representations and simplifications of complex interactions
between noise emitters and their surrounding environment.  For specific situations of modeling noise
levels emitted by wind turbines, e.g. in complex terrain, such as sited along ridges and in valleys,
understanding interacting factors and creating assumptions that will accurately allow predicted sound
levels, can be quite challenging. The ability of the model to accurately replicate how the sounds are
blocked by terrain or reflected by terrain is especially weak. Errors in models of wind turbine noise
propagation located on flat terrain have been shown to have errors of 5-10 dB or more when studied
by independent acoustical engineers.

However, it is only true that the input data (power sound level) used for the turbine's acoustic energy
represents the turbine's sound emissions at or above its nominal operating wind speeds under
standardized weather and wind conditions. That designated power sound level will then permit a
prospective buyer of turbines to compare the sound emissions from various makes and models. The
IEC (International Electrotechnical Commission) test data does not account for the increased noise from
turbulence or other weather conditions that may cause higher sound emissions. Indeed, in the IEC test
data, it specifically reports that it is not "worst case" for real-world operations. Independent of the
effect of weather and wind on the turbine's noise emissions, ANSI (American National Standards
Institute) standards for outdoor noise caution that turbulence in the air can increase the downwind
sound levels by 6-7 dB or more.

Impulsive sound was considered inherent only with older downwind turbine designs but was found only
to be reduced with modern turbine upwind designs. In a landmark 2006 study by G.P. Van den Berg, it
was shown that the impulsive swishing sound increases with size because larger modern turbines have
blades located at higher elevations where they are subject to higher levels of "wind shear" during times
of ground level "atmospheric instability". This results in sound fluctuating 3-5 dBA between beats
under-rate moderate conditions and vary up to 10 dBA or more during periods of higher turbulence.

To compensate for the added annoyance of fluctuating or impulsive sound, the convention is to add a
penalty of 5 dBA to computer model estimates of average sound levels to account for the increased
annoyance from short term fluctuations in sound levels. In the Kamperman/James criteria, this
penalty is already included in its recommendations for the maximum allowable sound level at the
receiving property of 35 dBA.

The only information regarding sound levels to be expected during projected wind farm operation
proposed for Madison County, lowa Arbor Hills Project was "right at 45 dBA" as stated by Matt Ott given
during the initial hearings for variance. | saw nothing in the application, that | as a citizen, was allowed
to review that referred to produced sound levels.
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Regardless of these complicated factors, objective noise limits, need to stand as the “limit” for any IWT
noise production. IWT platting contractors must do their best (and likely remain conservative) as any
emission levels about the limits are “not excusable” and should be consider as not being in compliance
and thus requiring mitigation/correctional action.

Winds Speeds at Night: Contrary to Common Perception

Popular notion is that wind picks up (increases speed) after sunrise and abates after sundown. This is
what is most often seen as experienced at ground level; the opposite occurs above 80 meters. After
sunrise low altitude winds are coupled to high altitude winds due to the vertical air movements cause by
the developing thermal turbulence. As a result, the low altitude winds are accelerated by the high
winds, which through the air mass coupling, in turn slows the high-altitude winds. At sunset this
process is reversed. As described by Rick James, "when ground-level wind speed calms after sunset,
wind speed at typical hub height for large wind turbines commonly increases. As a result, turbines can
be expected to operate, generating noise, while there is no masking effect from wind-related noise
where people live (near the ground). The contrast between wind turbine and ambient sound levels is
therefore at night more pronounced. As the turbine's blades sweep from top to bottom under such
conditions, the blade encounters slightly different wind velocities creating unexpected turbulence that
results in rhythmic swishing noise". Such calm or stable atmosphere at near-ground altitude
accompanied by wind shear near turbine hub height occurred in the Van den Berg measurements 47%
of the time over the course of a year on average - and most often at night.

This is a key concept to understand when protecting the conditions for sleep
during the night. This concept is the key "deception" propagated in the ETSU-
R-97 guidelines pushed by the majority-authoring Wind Energy sympathetic
factions in their attempts to evade more restrictive sound regulation based on
sound annoyance/tolerance regulations present in the British Standard 4142
regulatory document. The resultant pseudoscience-based "high night-time"
(and thus the short set-backs) permitted IWT-generated sound levels have been
promulgated by both Wind Energy groups and turbine manufacturers in IWT
adoption and spread throughout Europe, Australia, New Zealand and the United
States. Wind Energy never talks about it.
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Part—4: IWT Sound Emissions - Types
As described in Part-3 "Wind Basics", sound emissions are first categorized by their frequencies.
Infrasound

Wind Turbines produce infrasound along with audible noise. The more powerful the wind turbine,
the greater the proportion of infrasound and low frequency noise is emitted.

Sound with frequencies below 20 Hz is labeled as infrasound. It is usually cannot be heard, but actually
can be heard at the higher end of the 20 Hz zone while "perceived" at the lower portions provided the
sound pressure level is sufficiently high. The sound is perceived with the ears usually giving a feeling of
pressure at the eardrums. Infrasound at an audible level is usually found on the car deck of a ferry and
when driving a car with an open window. Infrasound is most often associated with sound at other
frequencies, so the experience of listening to "pure" infrasound is uncommon.

"Perception" Thresholds, Serious Consequences with Larger IWTs Power Generating Capacity

The rapid introduction into rural residential locations at close siting from resident of increasingly larger
IWT for the purposes of larger energy production per turbine has been without ANY efforts by Wind
Energy to ensure public safety with the new levels of sound production profiles - particularly in the
infrasound range. George Kamperman (Acoustician) believes that the amount of low-frequency noise
generated by IWTs increases by 3-5 dB for every megawatt of electrical power generated. This is
particularly important as MAE has recently placed (in adjacent counties) many 4.8 MW IWTs (nearly 2.5
times greater output then the 2 MW planned for Madison County). Wind Energy disputes that IWTs
produce little, if any, infrasound. Furthermore, they believe that within the infrasound range, the
sound levels produced are less than the human thresholds for perception. Those referenced
thresholds, however, were derived from assessment of "pure tones" which are not type of sounds
produced by IWTs. ILFN is more characterized as impulsive and varied. As the human ear "reaches"
to embrace detection, when sound is not pure-tonal, noise recognition can extend another 10 to
perhaps 15 dB lower (Swinbanks).

Many Acousticians have commented about an easily discernable difference among people to hear
sound. The distinct range of hearing capabilities in normal people is the primary basis of the
observation that only a smaller percentage of an affected population suffers with noise annoyance
which then becomes a larger percentage as the IWT sound levels increase (get louder). It is true that
some can hear "better" (quieter levels) than others. AT the "townhall" resident testimonies held
throughout Madison County (leading up to the efforts to formulate a Wind Ordinance) approximately
25% of residents voiced a desire to allow IWTs into the county while a passionate 75% did not want
them forced into their lives. Several “pro-Wind” comments were from farmers who stated they "could
run their tractors all day long under the turbine and never notice them". Such individuals, if wearing
hearing protection or riding in a protective enclosed tractor cab, would probably be protected against
appreciable audible emissions being generated by the IWTs. If such individuals worked without sound
protection, the immediate background noise levels, e.g. tractor engine (and the domination of the
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sound source in the immediate vicinity) from farm machinery, would normally be high enough to
exclude a separate, recognizable IWT noise. Even if machinery was not immediately operating, human
sound perception "adapts" to the usual background noise level - thus making their "unfocused" listening
experience less aware of ongoing IWT sound. Such adaptation may take several days to recover in the
absence of background noise associated with mechanized farming.

Clear Lessons from N.D. Kelley Pioneering Studies

Evidence that IWTs produce perceptible levels of infrasound in addition to audible low-frequency noise
above 20 Hz has been available since the 1980s (Taken from Punch/James - 2016). Kelley, et al, in
response to noise complaints, measured noise levels emitted by the Mod-1 IWT during their seminal
multi-year evaluation concluded:

"... one of the major causal agents responsible for the annoyance of nearby residents by IWT noise is the
excitation of highly resonant structural and air volume modes by the coherent, low frequency sound
radiated by large wind turbines. Further, there is evidence that the strong resonances found in the
acoustic pressure field within rooms actually measured indicates a coupling of subaudible energy to
human body resonances at 5,12, and 17-25 Hz, resulting in a sensation of whole-body vibrations".

Most importantly, Kelley found that the turbines radiated their peak sound power (loudest in terms of
decibels) in the infrasonic range - typically between 1 and 10 Hz. Annoyance was the result of coupling
of the turbine's impulsive low-frequency acoustic energy into the structures of some of the surrounding
home - frequently confined to within the home itself. Despite these early findings that IWTs generate
infrasonic levels that produce acoustic energy, vibrations and resonances that affect people in their
homes, the Wind Industry has chosen to regard them as insignificant...

Infrasound Emissions from IWTs DO exist

There has been an intense effort by Wind Energy to "downplay" the existence (if possible) and the
potential adverse health effects of infrasound.

The overall mechanisms by which jet engines, aerodynamic structures and wind turbines generate
sound was first placed on a rigorous mathematical foundation by M.J. Lighthill in 1952 - nearly 70 years
ago. Swinbanks (Acoustician) noted that his analysis has since stood the test of time. The principal
process which generates very low frequency infrasound is the effect of the aerodynamic lift force of the
blade acting upon the air.  Even if a steady, unchanging lift force rotates in a circle, the periodic
changes in its position give rise to sound generation. For an ideal wind turbine blade generating power
in a completely uniform, steady oncoming airflow, the resultant sound consists primarily of the lowest
blade-rate harmonic, plus to a lesser extent the immediate second and third harmonics.

Swinbanks describes the infrasound-generating process as "unavoidable". (The following paragraphs
are from his testimony at the Australian Select Committee on Wind Turbines - Submission 189). "If a
wind turbine is to provide useful power, it must satisfy two requirements.  First, it must slow down the
oncoming wind in order to extract its energy. Secondly, it must convert this energy into a rotational
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torque to drive its generator. Thus, the blades of the turbine must exert a forward-acting force on the
oncoming wind to slow it down, while exerting additional tangential forces in the circumferential
direction to give the required torque. These simultaneous objectives are achieved by the twist and
alignment of the blades relative to the oncoming wind, so that both components of force can be
generated by the aerodynamic "lift" from the blades. For any wind turbine that is generating power,
these two rotating force components have to be present. In turn, a specific amount of infrasound is
inevitably generated, regardless of how precisely and accurately the blades are profiled, polished and
streamlined".

These basic underlying effects were accurately modeled by NASA in their late 1980's investigation of
upstream-rotor turbines (type in use today). However, real circumstances introduce additional effects.
The existence of the support tower downstream of the blades still requires the airflow to separate
around the tower, which gives rise to some degree of upstream modification of the flow directly in front
of the tower. NASA initially modeled these effects using the assumptions of a comparatively smooth
flow change, but in practice trailing vortices from the tips of the turbine blades can also impact the
tower and lead to an increase in infrasonic noise generation. At the same time, slower moving air
closer to the ground at the bottom of the blade rotation can give rise to additional recurring transient
variation in lift force on the turbine blades. This effect becomes more significant as the diameters of
wind turbine rotors increase in size, since the blades then rotate through a much greater vertical
distance and the change in windspeed from the top to bottom of the rotation can then be much greater.
Finally, any large-scale turbulence present in the incident airflow results in additional fluctuating lift
forces which can also interact with and modify the infrasound that is generated.

Long Range Propagation of Infrasound

Infrasound persists for much greater distances than audible sound and, unlike audible sound, penetrates
well into insulated building structures with ease; and often increases the impact by resonating within
the house, like a drum. This occurs, regardless of the source of sound and vibration energy.
Penetration of buildings and amplification via resonance can also occur from sound and vibration from
natural sources such as earthquakes and thunder but is of such a temporal nature that, unlike wind
turbines, produces no adverse health effects.

Sound propagation varies depending on the frequency of the sound being propagated. Audible sound
attenuates (decays) at roughly 6 dB/distance doubling from the source. Infrasound attenuation is
roughly half of that because of the longer wavelength being "absorbed and carried" in the "denser"
medium of the ground. Infrasonic pulsations from a single 4 MW wind turbine were measured 10 km
from their source in 1985 by NASA researcher William Willshire - the presence and recognition of
associated adverse health consequences of this low frequency energy component of noise being noted
WELL BEFORE commercial IWTs were later pursued. Recent data collected by Acoustician Les Huson in
Australia and the United Kingdom at onshore and offshore wind developments has shown that
attenuation (reduction in sound level with increasing distance from the source) can be much less than
the 3dB per doubling distance found by Willshire in 1985. This means that infrasound noise, in certain
situations, can even propagate further than what is commonly described.
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Under normal atmospheric conditions, the temperature of the air progressively gets colder as altitude
increases. Under such conditions, the propagation of both audible sound and infrasound spreads out
and attenuates at a similar rate of -6dB per doubling of distance. There is also progressively greater
attenuation of the higher audible frequencies, as a result of atmospheric sound absorption. Under
certain atmospheric conditions, however. there may be a temperature "inversion". This can occur
particularly at night or the early morning, when the ground and the air immediately above it lose heat
faster than the air at higher altitude. Consequently, for several hundred feet or more, the air may
actually get warmer with increasing altitude, before ultimately reverting, at higher altitude, to its more
usual cooling profile. A similar situation can occur when the wind changes from a cold wind blowing
over cold ground, to a warmer wind from a different direction blowing over the same initially colder
ground. A well-known consequence of this inversion temperature profile is that low frequency sound
can be trapped and reflected by the inversion layer, so that it spreads out more slowly. Its rate of
attenuation then reduces to more typically -3 dB per doubling of distance, so that at large distances,
although the higher frequencies may be imperceptible, the ILFN can still be clearly detected.

Radiation inversions are probably the most common type of temperature inversions. This forms near
the earth's surface during the night.  After sunset, especially on a clear night, the earth's surface cools
because energy is radiated to space. The air which is just above the earth cools through contact with
the cool surface. Many residents in Adair county became upset after the recently erected IWTs
became operations with the thumping they experienced during the first winter. They were being kept
awake by the readily perceptible modulated low frequency noise and infrasonic "silent thumps" of IWTs
at a distance of even 3 miles.

In considering IWT distancing from property lines and resident homes, it is first important to protect
humans with audible sound limits - particularly at night - to eliminate disruption of sleep and thereby
mitigate that core determinant of AHEs from wind turbines. That established limit of audible sound
(expressed in dBA) will have some influence on the omnipresent lower frequencies of IWT emissions,
but NOT complete "control". One MUST recognize that infrasound causes health effects and that
those effects extend a much greater distance than audible sound. This is a sad reality, if audible sound
limits are set high - e.g. >40 dBA at night - there is a marked increase in ill-effects of infrasound at the
receptor structure. Distancing is the only way to lessen the harmful adverse effects of IWT noise.
Initially defined are lower audible sound limits AND, ideally, secondly defined setback distances (to
protect from longer-ranging infrasound) are needed to protect human health. The distance of 1.25-1.5
miles, as recommended by the Madison County Board of Health from their comprehensive review of
available independent scientific information, would be appropriate for IWTs of 2 MW or less (although
there would be some annoyance suffering, at times, even with that physical separation). Recently it
has become apparently that separate ILFN noise regulation limits are needed — typically expressed with
C-weighted values

IWT Separation and Infrasound

These following observations are particularly true of wind turbines which are positioned too closely
together in a wind farm: The wakes from turbines positioned upstream are convected downstream by
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the wind and may compromise the lift forces generated by turbines located further downstream, with
resultant adverse consequences for both the fatigue life of the blades and the generation of excess
infrasound. The more the "wake deficit" that is brought about by the extraction of energy upstream,
the more the reduction of the amount of power that the downstream turbine can generate in a given
wind strength. This effect was first intentionally investigated in the design of the 1981 MOD-2 upwind-
rotor turbines. Yet despite this early research, more recent examples of wind farms have been
constructed with separation in the downwind direction as little as 3 turbine blade-diameters, which not
surprisingly have resulted in complaints from nearby residents of excessive noise and infrasound.

Historically it was accepted that wind turbines should be no less than 5-8 rotor diameters apart,
depending on the direction and consistency of the prevailing wind, with the larger separation being for
turbines in line with the major wind direction. This was accepted industry practice and, as an example,
was explicitly specified in the 2002 NEW SEDA handbook. The purpose of this specification is to
minimize turbulent air entering the blades on an adjacent turbine. As noted, turbulent air is associated
with increased sound levels and infrasonic pulsations.

If a significant proportion of the wind blows at a right angle (90 degrees) from the major direction used
for turbine layout it follows that turbine spacing should be 7 or 8 rotor diameters in both directions. It
should be noted that the 7-8 rotor diameters number is a compromise between ensuring smooth air
inflow to all turbines (and hence less noise and vibration) and packing as many turbines as possible into
the project area. Research conducted at John Hopkins University in 2012 showed that the best design
for efficient energy extraction suggests wind turbines should be 15 rotor diameters apart. Itis
increasingly evident that some projects are not laid out in accordance with accepted specifications to
reduce turbulence, which in turn significantly increases acoustic emissions including audible noise and
infrasonic pressure pulses. It is very important that such "variations of aggressive IWT placements" be
recognized as likely and that residence audible sound levels (expressed as Lmax) be clarified precisely
such that sound limits enforcement can be made. Additionally, with MAE's practice of turbine
"clumping" and close in-line spacing, listing a maximal permissible sound level within the infrasound
spectrum would also be protective.

Sound Propagation Computer Modeling

As just noted, it is increasingly evident that some projects are not laid out in accordance with accepted
specifications to reduce turbulence, which in turn significantly increases acoustic emissions including
audible noise and infrasonic pressure pulses.

There are commercial quality wind turbine computer modeling programs available but are limited to
only spherical but not line propagation that could grossly underestimate the true impact of the sounds
on adjacent properties located along the rows. These programs also did not follow the advice of the
NASA studies about propagation of the infra and low-frequency sounds. Rick James, (Acoustician)
commented that it was not uncommon for acoustical consultants hired by property owners to measure
sound levels on their properties frequently found levels that exceed the modeled sound levels by 5-8
dBA. He was concerned that models/designs did not reflect "worse case conditions", failed to fully
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disclose assumptions, limitations and tolerances. Finally, they need to consistently provide confidence
limits to account for the inherent inaccuracies in any model representing a complex set of conditions.

Recent Mid-American Energy promotional ads have extolled the "advanced quality of the computers
they use in siting turbines.  Although | do not know exactly what capabilities they have, the pattern of
IWT placement in "clumping/groups" and placed in "lines" often congruent with prevailing wind
directions suggests computer modeling may not be ideal based on the physics of IWT sound
propagation. | would suggest that industry's "dense siting" practice may likely be "inconsistent" with
the paramount primary health concern of limiting sound exposure to residents.

For these reasons, among others, an independent sound impact assessment by a qualified
member of INCE (Institute of Noise Control Engineering) acoustician is needed and such a
requirement should be in the requirements of a County Wind Ordinance. Although there is
time and cost required for such a review, future monies saved will be enormous compared to
the monies spent (legal fees) over decades by individuals and groups to eliminate or mitigate
IWT annoyance produced from a poorly designed, industry-submitted plan. This
independent audit should be made available to anticipated residents impacted by IWT
placements near their residences BEFORE construction. This essential Wind Ordinance
component is mentioned in the recommendations part.

Low Frequency Sound

The range for this category of sound is usually defined as 20-200 Hz but has also been defined, by some
acousticians as 10-160 Hz. Low-frequency wind turbine noise is usually described in its modulating
state as a rumbling, as humming or as aroar. It may have a more or less "tonal" character - described
as fluctuating and varying in level and/or pitch. It may also be described as having tone-like pulses
excited with regular or random intervals. It is often reported as having a feeling of eardrum pressure.
It is characteristic that the noise varies a lot in time with varying wind and other atmospheric conditions.

A beautiful representation of "on-going" low-frequency noise modulation was presented at the 2017
ICBEN (International Commission of Biological Effects of Noise) by Dr. Steven Cooper, Acoustician, The
one minute visual recording of vacillating low-frequency sound levels (seen as snap-shots of colored
lines along with summated averages along the recording duration represented in black) is available at
https://1drv.ms/v/s!AjF3hssMsBNBg5Rs1IRebR870kWyQQ?e=gDptEi

You will note that the displayed frequency range extends from 0 to 1000 Hz. "Rumble" characterizes
the sound from 20 to 100 Hz, "roar" from 100 to 200 Hz and "whoosh from 200 Hz and higher. These
varying peaks within the noise spectrum, (generally high enough in dBA loudness) will generate audible
sound - from which people suffer annoyance.

What you see is a "real-time" FFT analysis (Fast Fourier Transform converts a signal from its original
domain (often time or space) to a representation in the frequency domain or vice versa). The black
trace is “time-averaged” to slow it down enough to make it easy to see. As "averaged", the true peaks
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are not seen. The range of peaks are shown as the colored lines. The "beat" is relatively steady but
the amplitudes at any frequency change a bit from one time to the next. This is because there are
multiple wind turbines contributing to the acoustic data used to do the FFT analysis. While all turbines
may be spinning at the same rpm, they are not perfectly in sync with each other and the sound from
each turbine take a slightly different amount of time to reach the microphone. Thus, the black line
trace is showing the blending of these similar pulses and tones, sometime adding together to create a
maximum, sometimes cancelling each other out creating a minimum.

Leventhal (primary Acoustician for Wind energy) has identified (in his more recent opinion) that
infrasound is not an acoustic issue of annoyance associated with turbines, but the emphasis should be
on low frequency noise. In Leventhall's DEFRA report, in 2004, he referenced work undertaken by
Bradley in 1994 that changed the modulation rate of low frequency noise and obtained a subjective
assessment of the annoyance factor for different rates of modulation. Bradley indicated for the critical
region of between 2 and 4 Hz (being the rate of modulation of low-frequency noise) could require an
adjustment for annoyance of up to 17 dB, due to the subjective assessment of the severity of the
annoyance when compared to no modulation. Leventhall reportedly "left" this mainstream of thought
in 2005 as he became the primary Wind Energy acoustical spokesman.

The level of annoyance suffering increases substantially for low frequency sound - once perceived - than
the more readily audible mid-frequency sounds. Low-frequency is in the 20-200 Hz range and is more
appropriately measured with dBC filtering.

Annoyance:
A complex consequence of IWT... will focus on "audible" sources. (Taken from Rick James, 2009)

It is not clear which of the following IWT noises generate "annoyance suffering" that is specified by the
WHO as an "adverse health effect". It could be:

1) the distinctive rhythmic, impulsive or modulating character of wind turbine noise (synonyms for

"thump", "swoosh" or "beating" sounds.
2) its characteristic low frequency energy (both audible and inaudible and also impulsive),
3) health effects of chronic exposure to wind turbine noise (especially at night),

4) in-phase modulation among several turbines in a wind farm (this can triple the impulse sound level
when impulses of three or more turbines become synchronized)

or some combination of all these factors best explains the annoyance. One or more of these
characteristics are likely present depending on atmospheric and topographic conditions, (especially at
night) as is the individual susceptibility of each person to them.

Nevertheless, reports based on surveys of those living near wind farms consistently find that, compared
to surveys of those living near other sources of industrial noise, annoyance (suffering) is significantly
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higher for comparable sound levels among wind utility footprint residents. In most cases, where
relationships between sound level and annoyance have been determined, annoyance starts at sound
levels 10 dBA or more below the sound level that would cause equivalent annoyance from the other
common community noise sources. Whereas one would expect that people would be annoyed by 45
dBA nighttime sound levels outside their homes in an urban area, rural residents are equally annoyed by
wind turbines when the sound levels are 35 dBA independent of the time of day.

Annoyance is discussed later to a greater extent in the discussion of adverse health effects.

Appendix

(Taken from the “Wind farm Noise” textbook during the author’s description of Outer Hair Cell
Responses, Hearing Thresholds in the Infrasound and Lower-Frequency Sound Spectrums)

Note significantly lower recognition of infrasound emissions as perceived by the “outer hair cell
response”.
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Figure 7.7 Inner and outer hair cell responses, hearing thresholds, environmental infrasound and wind
farm infrasound.
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Part —5: History

Wind Energy's Wind Ordinance preferences: Where did they come from and will they protect human
health?

In this section | will review first the early understanding of lower frequency noise and its impacts on
humans and then focus on the development by Wind Energy of the ETSU-R-97 guideline document that
has come to be the "basis and explanation" of current siting of IWTs at a typical distance of 1500 feet
from residences despite a tremendous amount of recent science saying that adverse health effects are
seen at that distance.

Early ILFN recognition in Industrial gas turbines and HVAC systems.

(Taken from Richard James review article: "Wind Turbine and Low-Frequency Sound: Warning Signs That
Were Not Heart) - Bulletin of Science, Technology and Society 32(2) 108-127, 2012)

In the 1970s through the 1990s, acoustical consulting was often associated with occupational and
community noise in the audible frequency range. Several projects involved industrial processes where
high levels of infrasound were a significant factor contributing to an occupational hazard. Examples of
locations where workers reported adverse audible and ILFN included foundries operations and
combustion burners. In the early 1990s, there were concerns about pregnant women being exposed
to noisy occupational environments.

James, in his article, pointed out that the ILFN was not the focus of the study but did prompt changes to
the noise processes to allow greater worker safety and tolerance. This author importantly makes the
distinction that unlike those industry responses, Wind Energy has not pursued any investigation of the
sound types nor impacts of the noise made by IWTs. While some IWT design changes were made (use
of up-wind design, blade shape/wind loading considerations, and blade edge "feathering" - that mostly
affect audible noise emissions), ILFN cannot be appreciably lessened except by reduction in the sound
power level ratings of the turbines and/or by increasing distancing to the receptor (resident).

By the early-mid 2000's, increasing numbers of reports of resident AHEs living near wind turbine utilities
were appearing, which this author believes was related to:

1) intense ramp-up of on-shore IWT farms in this country - moving from remote locations into rural
residential areas.

2) a substantial increase in the power generation capacity of individual turbines (correlated with "blade
swept area" made possible by added turbine hub height to permit longer blade arm lengths and
technologic improvements in turbine design and building materials, (all done without ANY
acknowledgement nor study of potential subsequent heightened AHEs to humans).

3) implementation of turbine-siting guidance with "Outside U.S."- developed "turbine siting guidance"
(mostly through the ETSU-R-97 document developed by Wind Energy interest in the United Kingdom in
the absence federal oversight/verification in this country).
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Over those early years, a number of acoustical engineer researchers collected an increasing body of
knowledge focused on the similarity of machinery - produced and IWT - associated worker/resident
complaints. James mentioned Charles Ebbing - head of Carrier Corp Acoustical Labs who investigated
HVAC noise affecting some occupants of high-rise office buildings. Dr. Malcolm Swinbanks, who had
many years of experience with machines that produce ILFN, was an early investigator. He also had
personal experience with inaudible levels of modulated ILFN causing the type of symptoms associated
with IWTs.  Dr. Swinbanks became a major scientist raising the concern of AHEs caused by IWT noise
emissions.

Of particular historical clarification, is that Dr. Swinbanks worked from 1975 to 1978 and then again
from 1985 to 1989 with Dr. Geoff Leventhall on these investigations of noise production by gas turbines
and industrial wind turbines. Indeed, clarification of the ILFN emissions from IWTs was made by Kelley,
et al in the 1980s, with a decade-later reaffirmation of the relevance of that work in the understanding
of adverse health effects from those lower frequency noises.

It is of absolute importance was that Dr. Geoff Leventhall did much of the research needed to resolve
the problem. A report published in 1997 by some of the same researchers who have since published
articles on wind turbine noise and other effects (Persson Waye, Rylander, Benton, and Leventhall)
highlight some of the compelling parallels:

1) (From the background): Some of the symptoms that are related to exposure to low frequency noise
such as mental tiredness, lack of concentration and headache related symptoms, could be associated
with a reduced performance and work satisfaction.

2) (From the Conclusion): The results showed that low frequency noise was estimated to interfere
more strongly with performance. The results also gave some indications that cognitive demands were
less well coped with under the low frequency noise condition. .... The relation between reduced
activity and response time, which was especially pronounced in the low frequency noise condition, may
also indicate that increased fatigue was of importance for the results.

The adverse health effects reported by workers occurred with short-duration exposure (e.g. 8 hours a
day or less). This is a much lower "dose" than what people living near IWTs experience. That 1997
study found that some of the symptoms related to exposure to modulated very low-frequency sound
are similar to those reported by people experiencing exposure to IWTs.

Rick James went on to highlight other, earlier parallels in scientific evaluations of "noise-Induced sick
building syndrome. This referred to buildings erected during the 1970s and 1980s that used large fans,
centrally located, often on the top floor, to provide heating and air-conditioning for the building. In
the affected buildings, complaints arose that people did not want to live or work there. Complaints of
physical discomfort, productivity loss, effects on mood, lower social orientation, cognitive dysfunction,
headaches were voiced by many (but not all).  In these buildings, it was found that the HVAC system
was the primary source of recorded infrasound and very low-frequency sound. Not all workers in the
building complained of audible rumbles. When the problem was audible, one or more workers might
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hear a rumble or roar from the ventilation ducts. In those cases, there was little question about the
problem. People who could hear it, demanded that it be fixed. But, if it was inaudible, people did
not associate their symptoms with the sounds that made them less productive. It required special
studies and tests developed by Dr. Leventhal and others to identify that the workers' sense of being
uncomfortable or having other symptoms while in their offices was associated with the modulated ILFN.
These investigators convincingly showed that pulsations in the HVAC systems corresponded to times
when the workers reported symptoms of mental tiredness, lack of concentration, headaches and
reduced performance and work satisfaction. Rick James carefully and fairly clarified that many of
those symptoms from the studied "sick buildings" were "couched" in the language of productivity and
work performance. However, subsequent research revealed a host of closely-matched symptoms that
are reported by those experiencing adverse health effects from IWTs.

Apparently, Dr. Leventhall, despite his early research and clarification of ILFN
being responsible for symptoms closely mirroring those from IWTs, in the years to
follow, uniquely and inexplicably chose to develop and support Wind Energy's
stance on the "benign" character of ILFN produced by wind turbines. He
became a champion and referenced leader in Wind Energy's promulgation of
IWTs around the world.

Hearing vs Perceiving - Both can produce AHEs

Continued research supported the link between the complaints and aspects of wind turbine ILFN.
People who worked or lived near large rotating machines found that they felt uncomfortable or had
symptoms that were not related to any known iliness or pathology. A common denominator of all
those machines is that they produce sounds in the ILFN range. A review of some studies conducted to
determine why people reacted negatively to working near these machines revealed a "common thread"
- inaudible ILFN was present and was associated with the physical symptoms reported by some of the
workers.

Previous research had shown that at AUDIBLE levels, ILFN were able to produce physical responses.
However, many scientist and engineers assumed that inaudible levels could not cause any problems.
Indeed, Mid-American Energy (MAE) representatives in our Winterset Courthouse during the 2018
permitting process, repeated the saying "what you can't hear, can't hurt you". Many acoustical
engineers were taught this as a part of their academic training regarding the perception of ILFN.
Subsequent studies by researchers such as Swinbanks, Ebbing and Ebbing's colleague Blazier, an
independent acoustical consultant who worked in the HVAC industry, found evidence that SOME people
responded to INAUDIBLE levels of ILFN produced by the machines.

Further, relevant comments by Swinbanks (2010) include "as a result of spending long hours working on
sites in the presence of significant levels of very low frequency noise, | acquired considerable familiarity
with its effects and consequences." In addition, and not unique to just Dr. Swinbanks, he became

39



Cardiologist’s Investigation and Response
to Industrial Wind Turbines in the Rural Residential Countryside Nov. 28, 2020

sensitized to ILFN his early work with those noise exposures, noting he could perceive or "feel" inaudible
ILFN. This author has, as well, appreciated that ineffable sensation (best described as an extremely fine
skin tingling) when emerging from a car in the setting of densely and closely sited large IWTs surround a
home in central Adair County operating during "heavy winds," to attend a meeting.

Typically, when a resident complains of "perceiving" these "inaudible pulsations", an industry-paid
acoustician may come to measure nearby IWT emissions. Their reports state that the levels of
infrasound are below the threshold of perception for steady pure tones. Swinbanks (2010) stated
"care must be taken when comparing broad-band measurements, having noise simultaneously present
at all frequencies, against a threshold defined by individual, stand-alone pure tones". He offered a
neuro-processing basis observation: When an ear is subjected to a steady pure tone in a laboratory
environment, it will be less sensitive to low-frequency sound than when presented with sound
consisting of a complex mix of tones (neither steady nor pure) in the same frequency range. They are a
complex mix of tones whose summed amplitude modulates in short, rapid bursts, sometimes lasting 10
milliseconds or less. These modulations, or pulsations have high crest factors and large dynamic ranges.
The peaks can be 30 to 40 dB higher than the SPL (sound pressure level) in the valleys between them”.

Dr. Malcolm A. Swinbanks produced a nice review of this topic when presenting to the Australian Senate
Select Committee on Wind Turbines on March 20, 2015. Part 2 describes "The Perception of Low
Frequency Sound and Infrasound". As noted in the previous paragraph, it is important to see IWT
noise as "impulsive and complex".... meaning levels of sound fail to take into account either of the
character of the sound or the relationship between adjacent frequency bands. He also referenced a
number of reported cases in the literature where ILFN was clearly being perceived at significantly lower
levels than would be assessed by such basic comparisons with the hearing threshold.

He summarized that "conventional hearing perception is considered to take place via response of the
inner hair cells of the cochlea (the sensing structure of the inner ear), but it has been shown that the
cochlea outer hair cells respond with greater sensitivity at very low frequency, and induce additional
neurological signals. Hitherto, these outer hair cells have been considered to perform only the task of
controlling the overall sensitivity of the hearing process, but it is possible that they can also contribute
directly to very low frequency perception". He continued with "a further mechanism has been
proposed, whereby sound pressures acting through the lymphatic fluid directly on the otolith
components of the vestibular (balance) organs have been calculated to exert comparable forces to those
induced by motion and acceleration. Any non-uniformity in the compliance of the structures
supporting these otolith sensors may then result in a response which that of physical motion. Indeed,
it has been argued that the correlation between persons who suffer from motion sickness and those
who report adverse effects from wind turbines is sufficient to be more than a result of mere chance".
Of note is that a resident from NW Madison County, who turned west onto 1-80 was faced by a horizon
of revolving turbine blades. She soon thereafter felt sick, nauseated and vertiginous enough to be
forced to stop her car on the side, attempted to recover, fortunately later then proceeded off the next
exit.... eventually recovering upon exiting the turbine field. That same sensation has been noted by
others.
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Wind Energy Concedes "Annoyance" Exists but Offers Other Excuses

Over the past twenty years, the wind industry has presented "their" evidence implying that IWTs are
"safe" near people's home. Yet the reports of nearby residents suffering annoyance, sleep disturbance
and the consequences of chronic non-restorative sleep and body/vestibular responses have been
received from people living within 2 or more kilometers of IWTs not only located in this country but in
countries around the world  (Hanning & Nissenbaum, 2011; Harry, 2007; Krogh, Gillis & Kouwen, 2011;
Nissenbaum, 2009; Phipps, Amati, McCoard and Fisher, 2007; Shepherd, McBride, Welch, Dirks & Hill,
2011).

Some of the research has focused on the annoyance potential from audible sound produced by wind
turbines. Wind Energy agrees that annoyance does exist but stops there to accept the impact of that
adverse consequence. Annoyance suffering is real and is an adverse health effect in and of itself - as
was recognized and stated clearly by the WHO in 2009. Symptoms of depression, anxiety, confusion,
vertigo (among many, many others) are real spin-off manifestations of being in close proximity to these
turbine towers. They are NOT reflective of psychosomatic or psychological iliness of residents. The
"nocebo effect" may have some minor role but as months to years of exposure pass, the symptoms
frequently persist and may become debilitating making a psychosomatic etiology highly unlikely. |
would point out that the 2015 peer-reviewed publication by the Council of Canadian Academies that
was given to the Madison County Board of Health by the lowa Environmental Council (local
representation of the Wind Energy faction) lists that current evidence is sufficient to establish a causal
relationship between a person's exposure to wind turbine noise and feelings (suffering) of annoyance.

Beyond the audible and visible "triggers" of annoyance suffering there are less obvious causes of the
adverse health effects from IWTs. While Wind Energy has repeatedly downplayed the concern of
infrasound and that humans are biologically incapable of "hearing" infrasound so that it should
represent no concern to human health, there is ample evidence that this is not the case.

1) There are examples of adverse health responses mediated through the vestibular system's response
to modulated infra and low-frequency noise.

2) Salt and Lichtenhan (2011) and Salt and Kaltenback (2011) have confirmed that there is a physiologic
response to modulated infrasound at levels below the threshold of perception (defined in laboratories
using "pure tones" that may start at amplitudes as low as 60 dBG).

3) Swinbanks (2011) demonstrated that as a direct consequence of the dynamic time domain
stimulation of the auditory system by the modulating wind turbine infrasound, the "typical IWT
infrasonic and low-frequency noise can be readily perceptible and audible at very much lower levels
than had been previously recognized" (noted above).

4) Even much more recently, (Max Planck Institute) data using f-MRI (functional magnetic resonance
imaging of the brain), found that "subaudible" noise in the infrasound range directly "activates" specific
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brain centers or "nuclei" which are known to directly influence body autonomic responses. In my
opinion, this may be the link with automobile and air traffic noise where autonomic stimulation is
thought to trigger the development of cardiovascular disease. This is very likely the case with IWT
noise but, because IWT noise is more "annoying", this autonomic triggering is likely beginning at lower
sound thresholds (less loud) than the other studied environmental noises. These threshold
comparisons are shown in the 2018 WHO report.

Despite these findings and clear impacts of adverse health effects on humans by IWTs, the Wind Energy
Industry, through its experts and trade associations, has denied that IWTs can cause such AHEs.

Highly recognized experts, some well- known in the field of acoustics, have defended the wind industry
position through white papers, reports and testimony in hearing and through committees that establish
guidelines for siting industrial-scale wind turbines. That viewpoint has not been accepted by other
experts.

NASA and Department of Energy Funded Research from the early 1980s to about 1991

The U.S. government has known about health effects of infrasound and low frequency noise from IWTs
since 1987. It was concerned (then) enough to commission a study. The study was a research project
funded by the U.S. Department of Health, Contract No. DE-AC02-83CH10093. Among many impressive
scientific papers, was the following: Dr. N.D. Kelley, Solar Energy Research Institute, Golden, Colorado:
"A proposed Metric for Assessing the Potential of Community Annoyance from Wind Turbine Low-
Frequency Noise Emissions” Note: "Community Annoyance" is now called Wind Turbine Syndrome; "Low
Frequency" includes infrasound; "Emissions" includes noise and vibrations.

It should be noted that the Wind Energy faction still does not (implied refuses) to consider to
measure ILFN exposure levels inside the home.

Between 1982 and 1988, Kelley and his colleagues published five important papers: 1. N. D. Kelley, R.
R. Hemplhill, M. E. McKenna. “A Methodology for Assessment of Wind Turbine Noise Generation”,
1982. (First published in J. Solar Engineering, Vol. 21 (1981), pp.341-356). 2. E. W. Jacobs, N. D. Kelley,
H. E. McKenna, N. J. Birkenheuer. “Wake Characteristics of the MOD-2 Wind Turbine at Medicine Bow,
Wyoming”. November 1984. 3. N. D. Kelley, H. E. McKenna, R. R. Hemplhill, C. I. Etter, R. |. Garrelts, N.
C. Linn. “Acoustic Noise Associated with the MOD-1 Wind Turbine: Its Source, Impact, and Control”.
February 1985. (First published by the Solar Energy Research Institute, February 1985). (262 pages) 4.
N.D. Kelley. “A Proposed Metric for Assessing the Potential of Community Annoyance from Wind
Turbine Low-Frequency Noise Emissions”, November 1987. 5. N. D. Kelley, H. E. McKenna, E. W.
Jacobs, R. R. Hemphill, J. Birkenheuer. “The MOD-2 Wind Turbine: Aeroacoustical Noise Sources,
Emissions, and Potential Impact”. Solar Energy Research Institute. Prepared for the U.S. Department
of Energy, January 1988. His work was published in peer reviewed journals. He presented his paper
“Acoustic Noise Associated with the MOD-1 Wind Turbine: Its Source, Impact, and Control” at the
Fourth ASME (American Society of Mechanical Engineers) Wind Energy Symposium held in Dallas,
Texas on 18-20 February 1985. In 1987 he presented his paper “A Proposed Metric for Assessing the
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Potential of Community Annoyance from Wind Turbine Low-Frequency Noise Emissions”, at the
American Wind Energy Association “Windpower '87 Conference and Exposition”, October 5-8, 1987 in
San Francisco, California.

Kelley et al, concluded: "...one of 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
coherent, low frequency sound radiated by large wind turbines. Further, there is evidence that the
strong resonances found in the acoustic pressure field within rooms actually measured indicates a
coupling of subaudible energy to human body resonances at 5,12 and 17-25 Hz, resulting in a sensation
of whole-body vibration." A page from that publication graphically shows the display of measured
frequencies and their sound pressures.

3) Additional investigation by Kelley, found that turbines radiated their peak sound power in the
infrasound range, typically between 1 and 10 Hz (that is STILL the case as can be seen on Wind Industry
produced displays of IWT-produced sound intensities along the entire noise spectrum). Annoyance
was the result of a coupling of the turbine's impulsive low-frequency acoustic energy into the structures
of the home and that the annoyance was frequently confined to "within the home itself". In Kelley's
and in three other investigator’s work, the studies report similar findings, namely that perception,
generally is non-auditory in character, begins when the rms ("average") SPLs (loudness) of the
modulating tones that are as low as 35 dB rms with increasing impacts as the rms levels rise to 50, 60
and to 70 dB and higher. In all these studies the dynamic modulation of the blade-pass tones produces
pressure peaks that are often 10 dB or more greater sometimes much more, than the rms values.

The following link tracks the work of Dr. Kelley and his findings which remain relevant for IWTs currently
being placed for energy generation.

http://docs.wind-watch.org/Infrasound-wind-turbines-4-August-2015.pdf

I would strongly recommend that this link be opened and the history of the recognition of
infrasound and its potential for adverse health effects was first described by N.D. Kelley and how it
was "forgotten or intentionally overlooked". Despite the recognition of potential human harm, this
information was discarded by Wind Energy and specifically by the turbine manufacturer, Vestas, the
manufacturer of turbines proposed for installation in Madison County.

Two primary researchers, Hubbard and Shepherd (1990) (30 years ago), reported the following:
1) Wind turbines primarily produce infrasound and low-frequency sound.

2) Sound propagates from IWTs at a decay rate half that of common (audible) "point" sources
3) IWT noise travels farther than other sounds.

4) IWT noise will be a significant indoor noise problem due to room resonance and a dominance
of ILFN acoustic energy.
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1500 Setback recommended by MAE:

Fifteen hundred (1500) feet was the distance (in the original Mid-American Energy (MAE) request for
siting of IWT) from rural residences for the proposed Arbor Hills Wind Farm. At none of those initial
and none of the subsequent follow-up meetings at any level was there a description of how that
distance was proposed, how long it had been in use nor ANY description about the human health
implications of that distance. In the written proposal, there was no listing of the anticipated noise
exposure level to residents. Some of the presenting MAE representatives were not clear as to which
model of IWT was planned for Arbor Hills. The only mention of noise levels incurred by the IWTs was
the verbal (never written) comment (during the meeting) by Matt Ott (MAE) was that he anticipated no
more than 45 decibels at the front door of an occupied residence. He claimed that it was a safe level.
Fifteen hundred feet setback was the only specification in not only Madison County's proposals but also
that of Adair County and any proposal IWTs that | have seen for lowa. So where did it come from?

The Origen of the 1500 Foot Setback

Industrial Wind Turbines function through transferring wind energy onto large rotating blades that turn
a shaft that operates a generator that creates electrical energy. That entire string of energy transfer
creates sound which is characterized as "noise" when it is characterized as disagreeable.  Noise
regulation from any source in the United Kingdom was via the British Standard BS4142 (described as
method for rating industrial noise affecting mixed residential and industrial areas). A document
described as the Planning Policy Guidance 24 (PPG24) was generated in the UK that outlines some of the
main considerations which local planning authorities should take into account in drawing up
development plan policies and when determining planning applications. PPG24 provides advice on
how the planning system can be used to minimize the adverse impact of noise without placing
unreasonable restrictions on development or adding unduly to the costs and administrative burdens of
business. The document introduced the concept of noise exposure categories (NECs) ranging from A-D
for residential development and recommends appropriate levels for exposure to different sources of
noise. A proposal for residential development needed a determination of which NEC categories would
be operative also taking into account both day and night-time noise levels. The PPG24 takes into
account the recommendations of the Noise Review Working Party which reported in October 1990.

PPG24 - 1994 recommended using the British Standard BS4142. This regulation was formulated to
assess facility external noise (outside at a property) based on the likelihood of complaints.

Background noise levels (LA90) should be measured. Source-specific noise levels (rating level) are then
obtained from manufacturer's data or measured in situ. The background noise level is then subtracted
from the Rating Level. If there is likely to be a tonal content or "specific character" to the building
services plant noise then a +5 dBA correction is applied to the Rating Level. This assessment method is
only applicable to external areas. Assessment of excess value:

1) A difference of around +10 dBA or more indicates that complaints are likely

2) A difference of around +5 dBA indicates a marginal significance of complaint.
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This is the same (but not for IWTs) formulation as used in the United States ... as in the ISO TC/43.

((1SO is the registered trademark for the International Organization for Standardization. TC/43 deals
with acoustics under which there are three subcategories - noise, building acoustics and underwater
acoustics. Under the "noise" category, there are many further subcategories including ISO 1996-
1:2016 which describes measurement and assessment of environmental noise. In the overview of
subcategory, 1ISO 1996-1:2016 defines the basic quantities to be used for the description of noise in
community environments and describes basic assessment procedures. It also specifies methods to
assess environmental noise and gives guidance on predicting the potential annoyance response of a
community to long-term exposure from various types of environmental noises. SO 2016 is currently in
the third edition, is 47 pages long, and can be purchased from the ISO website)).

In general, the LA90 (background) noise is going to be in the mid-upper 20s dBA range in the rural
residential areas of Madison County.

This BS4142 regulatory limit is based on reasonable likelihood of complaint generations and was too
restrictive for IWTs as wind turbine have no noise control options except greater distancing. Other
industrial facilities don't have this problem, because they can enclose machinery in buildings, use
mufflers, duct wrapping, etc. Thus, the Wind Industry had to come up with a "guideline" that raised
background noise levels with the definition of 'LA90 -10 min' and convince U.K. regulators to use that
guideline instead of BS4142. (Unfortunately, the LA90-10min measurement is effective for broadband
noise such as traffic noise but not when measuring intermittent noise as produced by wind turbines).
That is exactly what they did as they developed ETSU-97. BS4142 continues to be used for industrial
permitting and apparently remains a thorn in the side of consultants working to permit wind turbines
and promote more noise in rural areas.

ETSU-R-97

ETSU-97 is a guideline and not a set of regulations. The acronym stands for "Energy Technology
Support Unit". The ETSU working group was formed by the British Wind Energy Association for the
purpose of preparing wind energy friendly guidelines and research. In that capacity, it worked on
behalf of the Department of Trade and Industry (DTI); generally, with no independent oversight and no
transparency. "The Assessment and Rating of Noise from Wind Farms" was published in 1997 and
became and remains the UK government's preferred method of assessing wind farm noise for planning
purposes. Rick James (in his article, Wind Turbine Infra and Low-Frequency Sound: Warning Signs that
were not Heard) went on to describe the "inadequate" design of the ETSU-R-97 which was a "guideline
only" for the UK that was developed specifically to circumvent more science-based UK regulations that
were more restrictive to IWT placement. The guideline was developed by the Working Group on Noise
from Wind Turbines which consisted of several acoustical consultants with ties to the wind industry in
the UK, representative of companies or their attorneys involved in or with the wind industry, and several
representatives of local governments and the chairman, who represented the government's Department
of Trade and Industry (DTI).
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The introductory comments about ETSU's purpose to "offer a reasonable degree of protection to wind
farm neighbors without unreasonable restriction on wind farm development" has been met with near
universal contempt (as also occurred in Madison County during a joint writing session with the
Supervisors) as the guidelines should not provide the justification to impose greater levels of wind
turbine noise intrusion than would be permitted by other forms of industrial development.

ETSU-97 compares the turbine noise with a level 5dB above background noise, but when background
noise levels are low (particularly in rural areas), it sets a higher lower limit. The day time lower limit
can be anywhere between 35 and 40 dBA and the night time lower limit is 43dBA. The most bizarre
result is that night time background noise level can be "assigned" up to 8dBA more than the day time
noise. No other standard anywhere in the world has a nighttime limit higher than a day time limit.
The ETSU-R-97 was specifically designed that way to harvest the greater wind resources that occur at
night.

It appears that the ETSU-R-97 was produced to permit introduction of wind farms into inappropriate low
background noise locations where they and other comparable industrial installations could not meet
planning conditions derived from the long established BS4142. It could be reasonably supported that
the Department of Trade and Industry (DTI) worked with the British Wind Energy Association that
formed the ETSU to develop "fuzzy-science" based guidelines. | would view this as "pseudo-science to
support policy, NOT policy to support science".

Further concerns:

- ETSU-97 is a document that has remained unchanged over 23 years. Over the same period most
everything else has changed:

1) The understanding into the effects of noise on people has advanced - particularly regarding adverse
effects of noise on sleep and potential for cardiovascular disease promotion from environmental noise.
The World Health Organization has weighed in with guidelines concerning not only other forms of
environmental noise but also IWT noise. Sleep studies and actigraphy (movement) monitoring have
now clarified sound pressure levels where there is 1) no sleep disturbance, 2) non-conscious recognition
of noise with subsequent disturbance of healthy sleep stage architecture and 3) awakening from sleep
due to the uniquely disruptive quality of IWT noise.

2) The maximum size of IWTs has increased. With that, adverse health effects from sound emissions in
the infrasound-low frequency noise (ILFN) range are now recognized in turbines >.5 MW thus creating
new health considerations of turbine siting (that were not considered with the initial guideline).

3) The maximum size of wind farms has increased.

4) The possibility for closer adjacencies between neighboring wind farms has increased, leading to the
need for greater consideration of cumulative noise effects.

5) The approach to wind turbine control has evolved from previously dominant 'stall regulated’
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technology to the now dominant 'variable speed' technology, thereby enabling much more control
flexibility over the noise output characteristics of wind turbines.

6) Acoustic standards which were present in the early 1990s (which then formed the basis of discussions
for ETSU-97) have been updated. This includes increased awareness of factors affecting 'derived
prevailing background noise levels'.

Despite all these technologic and scientific advances in our understanding of IWT noise and its effects on
human, the ETSU-97 has not changed since it has been accepted as non-regulatory guidance.

1) They initiated the "practice" of unreasonably "treading" inside the property rather than sticking to
the property line.

2) ETSU-97 avoids "sound limits", rather, they set up the device of "relative to background noise: with
which they were able to ramp the limit up assuming a low wind shear (gradient of wind speeds over the
vertical height of the rotor sweep) factor. Noise intrusion is most likely during high wind shear
conditions so mainly during the night time and evening when wind speeds at ground level are likely to
be low but turbine noise at or close to maximum. Noise assessments by wind farm developers have
either failed to consider wind shear or applied very low levels of corrections so underestimating the
likely noise impact on nearby residents.

3) Additionally, when ETSU-97 was written, the tallest IWT was 32 meters to the hub, at which height
wind shear effects could only lend to relatively small errors. Now total heights of tower/blade are
>200 meters bring even greater adverse wind shear associated noise production. On average, high wind
shear occurs at night about one-third of the time.

4) ETSU-R-97 allows night-time IWT levels to >20dBA above actual background noise in many quiet
rural locations. (Greater than 10 dBA over background levels is associated with noise levels where
complaints are likely. The additional 10 dBA represents noise levels that are 4 times louder and 100
times more intense)

5) They used a L90 (average over 90% of time tested) for the wind turbine noise, which is
approximately 7-13 dB lower than the Lmax. Sleep disturbance, being biologic in origin is best
characterized at given decibel threshold levels. ETSU-97, by characterizing noise essentially as an
average (Leq), eliminated any possibility of assessing for sleep disturbance which is the most important
of the many adverse health effects produced by IWTs. The "Leq" noise level designation of the IWT
noise level (rather than Lmax) continues today and is present in the Wind Ordinance draft given (directly
or indirectly) to county supervisors by industry.

6) There is no recognition of infrasound, low frequency (ILFN) or tonal noise character (see below).

7) Amplitude modulation is the most important noise characteristic of wind turbines. All comments
about this are excluded in ETSU-R-97. Wind turbine excess amplitude modulation (EAM) is generally
recognized as when the turbine blade 'swish' changes to thumping or banging. EAM is highly intrusive
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event at >1.5 km. The attenuation afforded by a closed window can be highly variable depending on
the type of glazing system and frequency of the noise. In the event of low frequency noise as occurs
with EAM, no window type, whether open or closed is effective at attenuating the noise. EAM is
similar to helicopter "blade slap" - itself the result of blade vortex interaction. This aerodynamic
interaction noise consequence has been well understood for decades...  Why is a wind turbine's EAM
such a technical mystery for Wind Energy? Simple: Wind Energy (including Mid-American Energy - as
overtly stated by Matt Ott - one of their apparent technical experts) denies that ILFN can be perceived in
any way by humans and therefore could not cause no adverse health effects. Vestas, the
manufacturer of IWTs used by MAE in this region, formally requested and received permission from
New South Wales, Australia 2012 to longer consider ILFN a relevant consideration in IWT siting. It
appears that Wind energy has continued the same stance to completely ignore ILFN as a concern in this
county (in the absence of federal/state oversight). A complete copy of that letter is in this part's
appendix.

This description is NOT to suggest that the labeled ETSU guidelines are the ones specifically given to the
Supervisors nor were incorporated into the initial MAE request for variance. The distance "1500 feet" is
used throughout lowa and the only precedence for this "extremely close setback and consequential
excessive resident noise level exposures came with the development and initial acceptance by the UK
government. The "forced acceptance" by residents outside the U.S. has appeared to have worked well
enough that WE development in this country has simply retained those original poorly conceived and
now further outdated "guidelines". Peak noise levels appear arbitrary as well. At every location
within the UK or where ETSU principles have been used internationally there has been resistance and
public outcry in not all but among a significant proportion of affected residents.

Subsequent Adoption Worldwide

After being adopted (but not approved as regulation) by the British government, British Acousticians
Hayes and later Leventhall were pivotal in the adoption of the ETSU-R-97 tenets - particularly to former
British colonies (Australia, New Zealand) - with these Acousticians being presumably sent to establish
control of the narrative and establish a template that the local firms could subsequently use for other
wind energy projects. Leventhall formally started his pro-Wind energy work when he became a
spokesperson for the British Wind Energy Association in the mid 2000's after Dr. Van den Berg published
his thesis "The Sound of High Winds" and two other papers that observed wind turbine blades create
pressure pulses as the blade passes the tower. For the next 15 years, reportedly at the request of
industry trade groups, Leventhall and others organized "international” wind turbine noise conferences
where research was promoted and reviewed that reflected the Wind Energy vision. Hayes (British
Acoustician) apparently consulted on a project in New York state in the mid-late 2000's where working
with US consultants reportedly "borrowed ETSU concepts" to get their projects approved in later
projects. Those "templates" reportedly initiated by Hayes were "used around the world" being changed
to accommodate regulations. It is highly likely that such "original" language perpetuates to this day;
with the various "Wind Energy Associations" sharing the recipe to Wind Energy Industry (contractors)- a
great many of whom sit at the Wind Energy boards. (Do a search for the Australian senate's hearings
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on wind turbine noise. Start at "Stopthesethings.com" and "the Waubra Foundation" searching for the
names Hayes, Leventhal, Swinbanks, Thorne, Cooper to locate their work in Australia and New Zealand).

So Where is the Federal-Level Oversight to Protect the American People from IWT Adverse Health
Effects?

Aaron Price (Madison County Supervisor — resigned as of early July, 2020) stated in a prior county
meeting something to the effect that the Federal government would not have allowed IWTs to become
so "widespread" if there was some inherent risk to human health. The unspoken fact is: There is NO
regulation of IWT by the U.S. Federal government. This fact, in the course of my reading, remains
completely unaddressed by Wind Energy; they get to define if IWTs are safe (seemingly in an arbitrary
and capricious manner) or not and convince local counties in lowa that they are OK. They have found
that financial incentives seem to facilitate adoption of IWT placement - both for the landowners and the
county tax rolls.

The U.S. Environmental Protection Agency (EPA) created the Office of Noise Abatement and Control
(ONAC) following enactment of the Noise Control Act of 1972. In 1981 Congress agreed to the Reagan
Administration's proposal to cease funding for ONAC. Congress, however, did not repeal the Noise
Control Act when it eliminated ONAC's funding.

Before its elimination, ONAC engaged in a wide variety of activities to abate noise pollution under
authority of the Noise Control Act and, after 1978, the Quiet Communities Act.

The Quiet Communities Act of 1978 amended portions of the 1972 Noise Control Act to require
coordination between federal agencies on noise control. It was intended to speed up FAA response to
noise regulations proposed by the EPA and requires the FAA to provide the public with a detailed
analysis of EPA proposals. These included identifying sources of noise for regulation, promulgating
noise emission standards, coordinating federal noise research and noise abatement, working with
industry and international, state and local regulators to develop consensus standards, disseminating
information and educational materials and sponsoring research concerning the effects of noise and the
methods by which it can be abated. It also authorized the EPA to provide grants to state and local
governments for noise abatement.

The EPA ceased most noise abatement activities after ONAC's funding was eliminated. There is still
some minimal enforcement in the area of airport noise. Responsibility for the enforcement of EPA's
railroad and motor carrier emission standards was shifted to the Department of Transportation.

Since defunding ONAC, federal noise emission and labeling standards have not been subjected (best |
can find in the internet literature) to critical evaluations despite the evolution of relevant science and
technology and a better understanding of the effects of noise on people. The EPA has been unable to
provide technical assistance to state and local governments or to participate in private standard-setting
efforts. State and local governments have been preempted from adopting their own noise emission
and labeling standards that differ from EPA standards for sources or products that EPA has regulated.
Apparently, there were never any EPA standards or regulations for industrial wind turbines. State and
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local governance has had to pick up that protective effort... but as said many times... without funding or
other vital resources to do that. Specifically lacking are technical resources and highly trained
engineering specialists to understand the science of industrial wind turbine sound emissions and
interpret and stay current with the rapid explosion of our understanding of those sound emissions
causing adverse health effects. Unfortunately, relying on Wind Energy and the Wind industry for
objective knowledge and guidance in protecting human health has never happened. In my opinion,
executing their agenda has, by necessity, eliminated their concerns of protecting human health.
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Part 6: Adverse Health Effects from IWTs

A great review (essentially a textbook - 2014) was done by Bob Thorne, PhD (PhD in Public Health and
Acoustician specializing in infra- and low frequency sound) - 158 pages "Wind Farm Noise and Human
Perception - A Review”. (May google the title; the entire text comes up). It starts with the
Preamble: “There is a significant body of peer-reviewed research readily available in public forum to
substantiate the potential for serious to moderate adverse health effects to individuals due to wind
farm activity noise while living in their residencies and while working on their farms near large-scale
wind farms or large turbines. Adverse health effects can arise from extreme psychological stress
from environmental noise, particularly low frequency noise with symptoms of sleep disturbance,
headache, tinnitus, ear pressure, dizziness, vertigo, nausea, visual blurring, tachycardia, irritability,
problems with concentration and memory, and panic attack episodes associated with such sensations
when awake or asleep”.

The hypothesis from this Review is that serious harm to health occurs when a susceptible individual is so
beset by the noise in question that he or she suffers recurring sleep disturbance, anxiety and stress.
Research for the Review suggests that 5% to 10% of the individuals living in the vicinity of a large wind
farm will experience serious harm to their health. The observed markers for serious health effects are:

(a) wind farm noise levels of LAeq 32 dB or more OUTSIDE the residence and

(b) wind farm noise if heard or is perceptible (felt) at levels above the individual's
threshold of hearing inside the home.

Previously, a study took place in Victoria, Australia (2012) that was led by Bob Thorne that was
published and presented to the Australian Senate Hearing on 'Excessive Noise from Wind Farms'. The
residents interviewed lived between 700 and 3500 meters with an average distance of 1400 meters.
(This is almost three times farther than the distance proposed by Mr. Clifton in his Wind Ordinance draft
submitted to the Board of Zoning for review and judgement). The study design is exploratory and
observational, establishing the research required for the development of hypotheses. It is a scientific-
method-driven determination of health-related, perceptual and environmental variables, i.e. health-
related quality of life and noise exposure in a sample of adults exposed to wind farm generated noise.

The study used convenience sampling to obtain completed questionnaires. The survey included self-
report assessments on exposure to community noise and perceived intrusiveness of noise; annoyance
and sleep interference due to noise exposure; psychological wellbeing, quality of life and general health;
noise sensitivity and personality traits; attitudes to noise sources; and demographic information.
Questions were guided by pre-existing studies in the literature or by the use of pre-existing validated
inventories, including:
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WHO Quality of Life ScaleQ

Questions from Dr. Thorne on annoyance

Noise Sensitivity Questionaire

SF-36v2 Health Survey

Sleep Disturbance from Epworth Sleepiness Scale, Pittsburgh Sleep Quality Index
Questions from Dr. Nissenbaum on Turbines and Health

The study sampled sound levels from wind farm locales and non-affected locales with full monitoring for
low frequency sound and infrasound. The 23 residents sampled lived within 5 km of two wind farms
while 2 were from locales without wind turbine activity.

In this comprehensive study, results of all the six categories were evaluated. As | have done in my
research, the World Health Organization's Health and Noise criteria were central to the descriptions of
harm. "Health" was defined as a state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity. Quality of life is a multifaceted concept: "An individual's
perception of their position in life in the context of the culture and value systems in which they live and
in relation to their goals, expectations, standards and concerns. It is a broad ranging concept affected
in a complex way by the person's physical health, psychological state, personal beliefs, social
relationships and their relationship to salient features of their environment".

Further, the WHO Report of "burden of disease from environmental noise" - from 2011 and 2018 is a
scientific evidence supported “exposure-response relationships” and case studies in calculating burden
of disease. The report concludes ".... environmental noise should be considered not only as a cause for
nuisance but also a concern for public health and environmental health". In the 2018 WHO report on
environmental noise, beside automobile traffic, railway noise and aircraft noise, evaluations were done
on industrial wind turbines and leisure noise.

The WHO report considers sleep disturbance and its potential for adverse health effects. | would agree
that sleep disturbance is the MOST significant concern and is the pathway to a full range of serious
adverse health effects. Concordance that sleep disturbance produces major health endpoints
accompanies most review of AHEs from IWTs. Most significant to myself, as a practicing Cardiologist
for 30 years, is closed-linked data of sleep duration and serious cardiovascular outcomes (reviewed in
Part - 2). Inherent with that association are important autonomically-mediated association with
"chronic inflammation" that may trigger/promote the development of asymptomatic measurable
(developing atherosclerotic obstructive vascular disease) and observable clinical cardiovascular
endpoints such as hypertension and fatal and non-fatal heart attacks. ANYTHING a society can do to
lessen cardiovascular disease development and its progression - including minimizing suffering
annoyance from industrial wind turbines - should be considered paramount. This is particularly
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relevant when lease lengths of 58 years are being granted for projected continual operation of IWTs.
Comments on the Thorne’s study results included:

1) The data suggests that the sample of individuals exposed to turbine noise, have, on average,
substantially lower health-related quality of life compared to the community and clinical samples.

2) When exposed to wind farm noise and wind turbine generated air pressure variations, some will more
likely than not to be so affected that there is serious harm (also termed 'significant adverse effect') to
health.

3) 91% of the respondents stated that turbines annoyed them inside the home while 9% said no. For
turbine noise heard outside the home 95% of the respondents said yes and 5% said no. All report that
wind turbines affect sleep and the ability to work is dramatically affected.

4) Families have moved away to sleep, (but) must still work the land and will not sell.

5) Headaches, although not serious adverse health effects, clearly effects quality of life. In response to
the question: "What health effects such as headaches have you experienced since the turbines went
online that did not exist previously", 24% responded with daily or constant headaches, 56 % experienced
headaches 2-4 times a week, 64% experienced a tight scalp or band-effect around the head, 52%
experienced blurred vision, 40% stated dizziness was experienced, 4% experienced chest pains, 52%
experienced nausea, 76% state ear-ringing was experienced, 12 % experienced pressure in the ears and
60% experienced vertigo/balance problems. Of the persons who responded citing headaches as a
problem, 80% observe that headaches only occur when the turbines are operating. Most of the
respondents noted that these effects are not experienced all the time but often enough to be
debilitating.

6) Inresponse to the question: 'How long did it take after the turbines started before you felt unwell’,
35% of the respondents said fairly quickly (a month or less) and 56% said 6-8 months.  Of those who
responded "fairly quickly", there were some who became unwell almost immediately. These
respondents now find it very difficult to return to the locale to work when the turbines are operating as
they suffer from headaches and/or nausea almost immediately. In 56% of the responses the
symptoms improve/abate fairly quickly when the person leaves the locality.

7) Dr. Thorne provided some insights into experiencing IWT noise. "Wind turbine sound has a unique
nature that is variable over time and highly dependent on wind speed and directions, as well as locale.
Some standards refer to "audible characteristics" such as amplitude modulation, tonality, impulsiveness
and soon. Observations at the different locations near the wind farms under different weather
conditions and measurement distances indicate the sound of turbines are individually observable (swish,
rumbles, clunks, whines) at distances of 200-500 meters. (500 meters is the setback distance proposed
by Mr. Clifton in his Wind Ordinance draft). At around 900 meters only clearly distinctive turbines are
identifiable (swish, rumbles) and by 2000 to 3000 meters, the sound of turbines is "cumulative" and is
heard as a general source of noise. At each wind farm, turbines could be "clearly " heard at dwellings
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approximately 2000 meters from the nearest turbine. The sound of turbines can be heard 2000
meters both upwind and 2000 meters downwind as well at an angle to the turbines. The sound, with
turbines operating, can be described as a steady rumble with a mixture of rumble-thumps. The
general character over a long time period of an hour or so is of a steady rumble".

8) In this study, at 2000 meters, IWT sound is perceptible outside or inside a dwelling. The sound of
turbines is often "clearer" inside as higher frequencies are reduced through the building fabric.

In his "Discussion Summary" section from his 2012 study he commented that:
1) By necessity, the investigation was applied to residents who claim they are adversely affected

2) All those studied WERE adversely affected by wind farm activity, ...and there was evidence of serious
harm to health.

3) The subjective experience of annoyance is a common reaction to noise. Different individuals can
exhibit different annoyance reactions to the same noise, and these individual differences can be
ascribed partly to differences in noise sensitivity.

4) The finding suggested that the individuals living near the wind farms of this study have a degraded
Health-Related Quality of Life through annoyance and sleep disruption and that their health is
significantly and seriously adversely affected (harmed) by noise.

5) Serious harm means more than "mere" annoyance and that it can be quantified in terms of reported
illness, sleep disturbance or other physical effects.

6) Definitions of 'serious harm' were postulated:

a) an exposed individual is adversely affected to the extent that he or she is obliged to remove
himself or herself from the exposure in order to mitigate the harm; and/or

b) if three or more serious adverse health effects are recorded for an individual. Three
serious adverse health effects are established from this study as being:

i) Sleep disturbance with a global PSQl >5 (validated sleep study)
ii) a state of constant anxiety, anger and helplessness
iii) an SF36v2 mental health value of <40 (validated health survey)

| have researched and asked experts in IWT-related matters, what Wind Energy thought of this study
and the conclusions Dr. Thorne produced that show "conclusively" that IWTs can cause serious AHEs.
Those experts reported: little, if any response was generated by Wind Energy. This appears to have
become their "normal response" of Wind Energy, i.e. unless it can support their narrative, they don't
talk about it.... hoping, like this study and the proceeding long list of studies and data and basic science
supporting that IWTs do cause adverse health effects, will simply "go away".
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Included in this manual is a fascinating sequence of verbatim comments made by residents who were
severely harmed by IWT Noise and, as a result, felt to consider or proceed to achieve evacuation of their
homes. We, as the public (unless we are close acquaintances with affected residents) do not directly
hear these comments of distress. | am sure that participating resident granting easement have the
same “scale of distressed comments, but are forbidden by contract to express those reactions. Please
read the 6/28/2020 article included in this Part’s Appendix, by Carmen Krough, et al, “Wind Turbines:
Why Some Families Living in Proximity to Wind Energy Facilities Contemplate Vacating Their Homes:

An Overview of Findings”. The intensity and depth of their reactions is quite personal and revealing.

Later, Dr. Thorne in his 2014 textbook, reviewed "Wind Farms and Health Effects". In his chapter, he
provided a very brief introduction to a small sample of experts who have published evidence of the topic
of wind farm activity and its potential effect on human health. Up front, he highlighted the ultimate
connection: "If there were no ill effects before the wind farm started operating, and there are a lot of
complaints about adverse health effects now that it is operating, what has changed"?

1) Dr. Eja Pedersen in Human Response to Wind Turbine Noise: Perception, annoyance and
moderating factors" present an understanding of how people who live in the vicinity of wind
turbines are affected by wind turbine noise and how individual, situational and visual factors, as
well as sound properties, moderate the response. She has written other works on IWT health
effects.

2) Dr. Nina Pierpont, MD, PhD (Academic Pediatrician) presents work relating health effects of
wind farm activity. Her work presents an important body of knowledge that has been
extensively peer-reviewed. She states the following symptoms: "... sleep disturbance,
headache, tinnitus, ear pressure, dizziness, vertigo, nausea, visual blurring, tachycardia,
irritability, problems with concentration and memory and panic attack episodes associated with
sensations of internal pulsation or quivering when awake or asleep”. Insight into the
understanding and threshold of defining adverse health effects by Wind Energy were exampled
by their "acoustical science leader"”, Dr. G. H. Leventhall as he critiqued Dr. Pierpont's work.

(As one reads the following quote in his review paper, keep in mind Dr. Leventhall's absolute
rejection that wind turbine ILFN contributes to adverse health effects). "I am happy to accept
these symptoms, as they have been known to me for many years as symptoms of extreme
psychological stress from environmental noise, particular low frequency noise. The symptoms
have been published before. The so called "wind turbine syndrome" cannot be distinguished
from the stress effects from a persistent and unwanted sound. These are experienced by a
small proportion of the population and have been well known for some time". In later
correspondence, Dr. Leventhall confirms his belief that there is no such thing as wind turbine
syndrome. This writer/reviewer believed Dr. Leventhall acknowledged (in his first comment)
that the psychological and associated physical stress originated from industrial wind turbine
noise. Symptoms reflect the underlying adverse health effects. Moreover, when IWTs are
"forced onto an otherwise unaffected population" some of whom then develop these
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3)

symptomes, it highlights the immoral and unethical behavior of the Wind Industry contractor
who "causes" those adverse health effects. It is NOT the resident's fault that he and many of
his neighbors develop "ill-health consequences" that can go on to precipitate other health
effects.

This central concept of Wind Energy's actions to deprive a resident of his health also extends to
his well-being, quality of life, and amenity. Dr. Daniel Shepherd specializes in public health and
psychoacoustical studies. He sees "primary health" as embracing the concept of health in all
policies (e.g. labor, environment, education) and so includes not only the treatment of disease
but its prevention. At the community level, good health can be facilitated not only by the
pursuit of healthy lifestyles but also with the provision of restful and restorative living
environments. A prominent factor determining the restfulness of a living space is the level of
privacy and intrusion by community pollutants, including smell, air quality and noise. He finds
that "there exists compelling evidence attesting to the impact that community noise can have
on health. A number of interacting factors combine to determine an individual's response to
noise. As such, noise level should not be used as the sole metric with which to judge the
potential health effects of noise. Annoyance can lead to degraded health, quality of life and
impaired sleep, while disrupted sleep can lead directly to severe health deficits. Noise
sensitive individuals are more susceptible to the negative effects of community noise. Turbine
noise is a type of community noise and likewise has the potential to impact health and
wellbeing. Evidence to this effect now exists in the peer-reviewed literature. Dr. Shepherd
has proposed a simple model demonstrating (in the rural context) feasible mechanisms exist by
which wind turbine exposure can degrade health and wellbeing: turbine noise can lead directly
to annoyance and sleep disturbance (i.e. primary health effects) or can induce annoyance
(suffering) by degrading amenity. Additionally, the trait of noise sensitivity constitutes a major
risk factor, with annoyance and sleep disturbance the likely mediators between noise sensitivity
and health. Inrelation to secondary health effects, it would be expected that quality of life will
be affected immediately, while stress-related disease emerges from chronic annoyance and
sleep disturbance over time.

Clarifying the central risk of sleep disturbance (which | too, have seen in patients presenting
with heart arrhythmias and obstructive sleep apnea), Physician Dr. Hanning, reports that
"inadequate sleep has been associated not just with fatigue, sleepiness and cognitive
impairment but also with an increased risk of obesity, impaired glucose tolerance, high blood
pressure, heart disease, cancer and depression”. Sleepy people have a substantially increased
risk of traffic accidents.

Michael Nissenbaum, M.D., has conducted a study of the health effects of persons living within
the Mars Hill Wind Turbine Project in Maine. He declared a "high probability" of significant
AHEs for residents living within 1100 meters and a significant risk of AHEs in a significant subset
of people living out to 2000 meters from an IWT. He listed:

1) Sleep disturbances/sleep deprivation and the multiple illnesses that cascade from
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chronic sleep disturbance

2) Psychological stress which can result in additional effects including cardiovascular
disease, chronic depression, anger and other psychiatric symptomatology.

3) Increased headaches
4) Unintended adverse changes in weight
5) Auditory and vestibular system disturbances

6) Increased requirements for and use of prescription medications.

5) Dr. C. V. Phillips reviewed some epidemiologic principles in his testimony before the Wisconsin
Public Services Commission. Based on his knowledge of epidemiology and scientific methods
and his readings of the available studies, he summarized that:

1) There is ample scientific evidence to conclude that wind turbines cause serious
health problems for some people living nearby. In addition, he commented on the
observation of people vacating their home being an exposure-disease combination.

2) Reported health effects, including insomnia, loss of concentration, anxiety and
general psychological distress are as real as physical ailments, and are part of accepted
modern definitions of individual and public health. While more difficult to study

(less objective, presenting in "gradation"), they probably account for more of
the total burden of morbidity in Western countries than do strictly
physical diseases. Itis relevant and important to take the less intense versions of

the problems more seriously in making policy decisions, while not ignoring the serious
diseases.

3) The reports that claim that there is no evidence of health effects (Writer's
comment: commonly seen on Wind Energy websites and their "peer-
reviewed" papers) are based on a very simplistic understanding of epidemiology

and self-serving definitions of what does not count as evidence. Though those
reports probably seem convincing (on first appearances), they do not represent proper

scientific reasoning, and in some cases the conclusions of those reports
do not even match their own analysis.

"Effects of Wind Farm Noise and Vibration on People" in the 39-page chapter of the "Wind Farm Noise"
Textbook. They authors summarized: There are many well-documented cases of adverse health
effects resulting from both short- and long-term exposure to wind turbine noise. These symptoms
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include nausea, dizziness, pressure (or fullness) in the ears and recurring sleep disturbance; in most
cases medical professionals are unable to otherwise explain them. There are also a significant number
of people who are so badly affected that they have had to leave their homes or have had to undergo
medical treatment to address their (unexplained) symptoms. Sleep disturbance experienced by people
living in the vicinity of wind farms manifests as prevention of the onset of sleep (insomnia) or the
prevention of a return to sleep after being awakened.

(Writer's comment: Sleep disturbance as either shortened time in sleep due to insomnia or recurrent
awakening or normal-sleep stage progression disruption due to "brief, non-awakening" events that
results in delay or prevention of reaching deep slow wave or REM sleep have also been shown in formal
sleep study evaluation with EEG (brain wave) monitoring. This sleep architecture fragmentation has
been known for more than 20 years and is recognized by the World Health Organization. The 1999
WHO statements list 32 dBA as the audible threshold for sleep disruption.)

Continuing from "Wind Farm Noise": Ten to twenty percent of the population are easily disturbed
from their sleep and a higher percentage can be expected to be found in rural areas (Hanning and
Nissenbaum, 2011). Of course, a smaller percentage of the population (generally 5-10%, according to
Thorne, (2013)), report serious health effects, although a considerably greater percentage suffer from
annoyance and recurring sleep disturbance. In some cases, some members of the same family suffer
terrible effects while others suffer no ill effects at all. The actual percentages depend on how far the
residents are from the nearest turbine. In cases where they are within 500 meters of the nearest
turbine (MAE's request as pursued by Phil Clifton (Supervisor) for the Madison County Wind Ordinance),
up to 30% of people may be highly annoyed and suffer some form of adverse health effect in addition
to sleep deprivation. As distance from the nearest turbine increases, the percentages of affected
people decrease. Thorne (2012, 2014 - from the literature mentioned at this part's beginning), found

that adverse health effects occur in some people when wind farm noise levels exceed LAeq,10min levels
of either:

32 dBA OUTSIDE the residence
22 dBA INDOORS, if wind farm noise is at a level that is perceptible inside the home.

Thorne also concluded that noise that exhibited excessive levels of "fluctuation" that could contribute to
adverse effects. He defined fluctuation in terms of LAeq and LZeq levels in 1/3-o